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1	Introduction
According to [1], the following email discussion will be carried out
[106#43][IAB] Backhaul RLF (CATT)
	Intended outcome: Report, paving the way for on-line agreements
	Deadline:  Thursday 2019-08-08
There were discussions on the topic and RAN2 made the following agreements [2]
	On RLF handling
Baseline: 
· R2 assumes there is a RLF notification at BH Link RLF, at least to downstream node(s)
· Alternate Routes and/or Dual Connectivity (if agreed) could be utilised at recovery at a failure of a BH link. 
· Current UE RLF detection and recovery is reused as baseline
· FFS whether other indications are needed, e.g. when link has recovered, or when recovery is in progress



2	Discussions
In the following, we use a model where a BH link lays between the child IAB-node and the parent IAB-node in question (i.e., the two nodes in the middle of Figure 1).  For a child IAB-node, its immediate parent node can be an IAB-node or an IAB-donor, which will not be distinguished in discussions unless needed. The child IAB-node, if configured with DC, connects to two parent IAB-nodes (corresponding to MCG and SCG, respectively).  And, when there is no potential misunderstanding, the next level(s) of child node(s) and parent node(s) of the child/parent IAB-node in the above model will be generally referred to as downstream nodes and upstream nodes, respectively. The discussions cover both non-DC (when DC is not configured for the child IAB-node) and DC case (when DC is configured for the child IAB-node).
[image: ]
Figure 1 Illustration of the mode for the discussions
After reviewing the company contributions [3-24], the rapporteur suggests to structure the discussions as follows. Section 2.1 and 2.2 discuss on BH link RLF detection and recovery, respectively. Section 2.3 and 2.4 discuss on downstream and upstream RLF notification(s), respectively. 

2.1 Detection of BH link RLF by the child IAB-node
2.1.1 Non-DC case
According to TS 38.331, a UE detects RLF as the following. 
	The UE declares Radio Link Failure (RLF) when one of the following criteria are met:
-	Expiry of a timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer); or
-	Random access procedure failure; or
-	RLC failure.


According to the agreed baseline (see section 1), the rapporteur suggests to check whether it is agreeable to all to reuse the same mechanism as UE’s RLF detection for BH link. 
Companies are invited to share their comments on Proposal 1. 
Proposal 1 RAN2 confirms that when the child IAB-node is not configured with DC, it applies for BH RLF detection the same criteria as UE’s RLF detection specified in TS 38.331.
Table 1 Discussions on Proposal 1
	Company name
	Comments

	CATT
	Agree with Proposal 1. 

	QC
	Agree with Proposal 1 

	Intel
	We agree with proposal 1. There is no need to change the RLF detection mechanism.

	KDDI
	Agree with Proposal 1

	OMESH
	This could be a baseline, but considering that a BH RLF in IAB will introduce many actions/notifications, and the fact that a fixed IAB node likely will not suffer from RLF. I would think a different detection may need to be developed. 
For example, temporary blockage of link (e.g., due to moving physical objects) shall not be taken as a RLF.

	Kyocera
	Agree with Proposal 1. 

	Huawei, HiSilicon
	Agree with Proposal 1. Note that RAN2 already made agreements “Current UE RLF detection and recovery is reused as baseline”.

	LG
	Agree that all existing criteria for RLF detection can be reused for BH RLF detection. 

	Nokia
	We agree these conditions are sufficient and can be reused 

	Lenovo&MotoM
	We agree with proposal 1.

	ZTE
	Agree with Proposal 1.

	Ericsson
	Agree. This should be the baseline.

	ETRI
	Agree with Proposal 1

	Sharp
	Agree with Proposal 1

	AT&T
	Agree with Proposal 1

	ITRI
	Agree with proposal 1.

	Futurewei
	Agree with proposal 1 as baseline. RAN2 can also consider additional RLF triggers, if a need is identified (e.g. see discussion in table 6, section 2.3.1)

	Samsung 
	We already agreed to reusing of current UE’s RLF detection mechanism. For non-DC case this is applied.

	NEC
	Agree with Proposal 1



--------------------------------------------------start of phase 2, section 2.1.1----------------------------------------------------------

18 companies provided comments to Proposal 1, regarding BH link RLF detection for the non-DC case.
· 16 companies agree to reuse current UE’s RLF detection mechanism for BH link for non-DC case. 
· Among them, 13 companies explicitly support Proposal 1.
· 2 companies suggest to consider additional mechanism(s). 
Therefore, the rapporteur suggests to check companies’ views on the following question for progress. 
Question 1 Do you think Proposal 1 below is agreeable for BH link RLF detection for the non-DC case?  
	Proposal 1 When the child IAB-node is not configured with DC, it applies for BH RLF detection the same criteria as UE’s RLF detection specified in TS 38.331.



Table 1A Discussions on Question 1
	Company name
	Answer to Q1, Yes or No
	Please provide your reasoning if your answer to Q1 is No

	AT&T
	Yes
	

	CATT
	Yes
	

	Intel 
	Yes
	

	ETRI
	Yes
	

	OMESH
	but…then yes
	Proposal 1 When the child IAB-node is not configured with DC, it applies for BH RLF detection the same criteria as UE’s RLF detection specified in TS 38.331, as baseline.

	Lenovo&MotoM
	Yes
	

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Ericsson
	Yes
	

	KDDI
	Yes
	

	samsung 
	Yes 
	

	NEC
	Yes
	

	Nokia
	Yes
	

	ITRI
	Yes
	

	QC
	Yes
	

	LG
	Yes
	

	Futurewei
	Yes
	



---------------------------------------------------end of phase 2, section 2.1.1----------------------------------------------------------

2.1.2 DC case
In this case, the child IAB-node has both MCG-link and SCG-link. Based on the agreed baseline, the rapporteur suggests to check whether it is agreeable to all that the MCG-link and SCG-link has separate RLF detection, and for each link the same detection mechanism as the non-DC case can be reused.
Companies are invited to share their comments on Proposal 2. 
Proposal 2 When DC is configured for the child IAB-node, 
· 2.1 RLF is declared separately for the MCG-link and for the SCG-link, and
· 2.2 the same detection mechanism is used for 
· BH link RLF detection (when DC is not configured), and 
· MCG-link or SCG-link failure detection (when DC is configured).
Table 2 Discussions on Proposal 2
	Company name
	Comments 

	CATT
	Agree with Proposal 2.

	QC
	This proposal contains a contradiction: “when DC is configured” contradicts with the first bullet “BH link RLF detection (when DC is not configured)”.
We propose the following rewording:
Proposal 2 When DC is configured for the child IAB-node, 
· 2.1 RLF is declared separately for the MCG-link and for the SCG-link, and
· 2.2 existing UE procedures are used for MCG-link and SCG-link failure detection


	Intel
	We agree with proposal 2 with the following understanding. The same mechanism is used for the MCG link and the SCG link, but the detection/declaration of RLF is obviously independent.

	KDDI
	Same view as QC and Intel.

	OMESH
	Same comments as in Q1. Different RLF detection mechanism may need to be developed than a regular UE.

	Kyocera
	We basically agree with Proposal 2, with comments from Qualcomm and Intel.  We assume Proposal 2 may be applied to both NR-DC and EN-DC.

	Huawei, HiSilicon
	Agree with Proposal 2.1. Not exactly sure about the original intention of Proposal 2.2, but the updated proposal 2.2 rephrased by QC seems agreeable (in fact which has already been agreed in “Current UE RLF detection and recovery is reused as baseline”).
Further, progress in Rel-16 eDCCA WI should be considered, but generally we think these two discussions can be decoupled.

	LG
	Agree that BH RLF detection should be independent for MCG backhaul and SCG backhaul. 
Agree that a common detection mechanism should be our baseline for DC case and for non-DC case. 

	Nokia
	We agree with the proposal with corrections from Qualcomm.

	Lenovo&MotoM
	We agree with proposal 2. 
There are two points in proposal 2 as follow.
1. RLF Detection/declaration between MCG link and SCG link is separate.
2. Same RLF detection is used to BH link without DC, MCG link and SCG link.

	ZTE
	Agree with Qualcomm.

	Ericsson
	Separate RLF detection is OK since the radio conditions and data transmissions (RLC/MAC/PHY) are separate between the two links. We prefer to use the word ‘detect’ instead of ‘declare’.

	ETRI
	We agree with QC’s proposal with some modification. 

	Sharp
	We agree with the proposal with corrections from Qualcomm.

	AT&T
	Agree with updated Proposal 2 from QC

	ITRI
	We agree with Proposal 2. MCG link failure detection and SCG link failure detection are independent and both use the same criteria of UE RLF detection.

	Futurewei
	Agree with proposal 2, and the corrections proposed by Qualcomm and others.

	Samsung 
	Before going to the MCG-link, SCG-link, we would like to define the name of each link, since MCG/SCG is based on UE’s master node and secondary node, and MN and SN is only defined by the node directly attached to the core network. Now we have the agreement from RAN2#106 as below:
R2-1908029	Discussion on NR DC architecture for IAB operation	Samsung R&D Institute UK	discussion
In Rel-16, the d’ option is supported
Here, option d’ has the only restriction that each IAB node has separate two parent IAB nodes. There is no definition on that the IAB donor node is either master node or secondary node. We think better to call these two links as link1 / link2 respectively for the simplicity since there is surely no relation with the IAB donor node in these links.
There should be more discussion on the dedicated role on each link1 / 2 w.r.t. control signalling. However, in this email discussion, we focus on the RLF itself on both link. Radio link evaluation perspective, we think RLF detection cause (or mechanism) on each link1/2 should be the same as the current UE’s RLF detection case.


	NEC
	QC’s revision is better



--------------------------------------------------start of phase 2, section 2.1.2----------------------------------------------------------

18 companies provided comments to Proposal 2, regarding the BH link RLF detection of the DC case. 
· There is a consensus that the MCG-link and SCG-link have separate BH link RLF detection. 
· All but 1 company support reuse current UE’s RLF detection mechanism for either of the links. 
· 13 companies agree Proposal 2 or Proposal 2 with some rewording.
· One of the companies proposed rewording to the original Proposal 2, and 10 companies think the reworded Proposal 2 is agreeable. 1 company thinks that word ‘detect’ is better than ‘declare’.
· 1 company that suggests use different names than MCG-link and SCG-link for the two links when the child IAB-node is configured with DC. 
Therefore, the rapporteur suggests to check companies’ views on the following question for progress. 
Question 2 Do you think the reworded Proposal 2 below is agreeable for BH link RLF detection for the DC case?  
	Proposal 2 When DC is configured for the child IAB-node, 
-	2.1 RLF is detected separately for the MCG-link and for the SCG-link, and
-	2.2 existing UE procedures are used for MCG-link and SCG-link failure detection.



Table 2A Discussions on Question 2
	Company name
	Answer to Q2, Yes or No
	Please provide your reasoning if your answer to Q2 is No

	AT&T
	Yes
	

	CATT
	Yes
	

	Intel 
	Yes
	

	ETRI
	Yes
	

	OMESH
	But … yes
	-	2.2 existing UE procedures are used for MCG-link and SCG-link failure detection as baseline.

	Lenovo&MotoM
	Yes
	

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Ericsson
	Yes
	

	KDDI
	Yes
	

	Samsung 
	Yes
	

	NEC
	Yes
	


	Nokia
	Yes
	

	ITRI
	Yes
	

	QC
	Yes
	

	LG
	Yes
	

	Futurewei
	Yes
	



---------------------------------------------------end of phase 2, section 2.1.2----------------------------------------------------------
2.1.3 Summary of section 2.1
· Summary of section 2.1.1, Detection of BH RLF by the child IAB-node, non-DC case
Based on phase 2 discussions, Proposal 1 below is agreeable to all. 
Proposal 1 When the child IAB-node is not configured with DC, it applies for BH RLF detection the same criteria as UE’s RLF detection specified in TS 38.331.

· Summary of section 2.1.2, Detection of BH RLF by the child IAB-node, DC-case
Based on phase 2 discussions, reworded Proposal 2 is agreeable to all. 
Proposal 2 When DC is configured for the child IAB-node, 
-	2.1 RLF is detected separately for the MCG-link and for the SCG-link, and
-	2.2 existing UE procedures are used for MCG-link and SCG-link failure detection.

2.2 Recovery from BH link RLF by the child IAB-node
2.2.1 Non-DC case
According to TS 38.331, UE’s behaviour upon detection of RLF is as the following. 
	After RLF is declared, the UE:
-	stays in RRC_CONNECTED;
-	selects a suitable cell and then initiates RRC re-establishment;
-	enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.


Based on the agreed baseline, the rapporteur suggests to check whether it is agreeable to all that BH link reuse the same mechanism as UE’s recovery from RLF, for the non-DC case. 
Companies are invited to share their comments on Proposal 3. 
Proposal 3 RAN2 confirms that when the child IAB-node is not configured with DC, it applies for BH link RLF recovery the same procedure as UE’s RLF recovery as specified in TS 38.331.
Table 3 Discussions on Proposal 3
	Company name
	Comments

	CATT
	Agree with Proposal 3.

	QC
	Agree with Proposal 3

	Intel
	Agree with proposal 3.

	KDDI
	Agree with proposal 3.

	OMESH
	Agree with proposal 3.

	Kyocera
	Agree with proposal 3.

	Huawei, HiSilicon
	Agree with proposal 3. Note that RAN2 already agreed “Current UE RLF detection and recovery is reused as baseline”

	LG
	Agree that the re-establishment procedure should be triggered by BH RLF declaration.

	Nokia
	This is the baseline behaviour, but it will cause a very long service interruption time counted in seconds. As discussed in [3], we think it should be possible for the IAB node to trigger a handover to a pre-prepared parent node candidate upon detecting issues with BH link with its current parent node, e.g. based on detecting BH link RLF.

	Lenovo&MotoM
	We agree the legacy procedure can be considered as baseline. 
How to select a suitable cell/IAB could be further discussed. For example, intra-CU IAB can be selected in priority comparing to the inter-CU IAB because the procedure of switching to inter-CU IAB is more complicated.

	ZTE
	Agree with Proposal 3. In order to avoid RRC re-establishment failure, it is suggested the IAB firstly selects the parent IAB node connected with the same donor CU to perform RRC re-establishment, but this can be up to IAB implementation.

	Ericsson
	The general procedure can be the same as defined in TS38.331 (e.g. start of timer T310 on out of sync detection, on expiry of T310 declare RLF, start T311 and initiate re-establishment procedure, etc..), but FFS if some details may be different 

	ETRI
	Agree with Proposal 3.

	Sharp
	Agree with Proposal 3.

	AT&T
	Agree with the comments from Ericsson and Nokia that enhancements to the existing procedure may be beneficial to avoid extended service interruption time during the recovery period.

	ITRI
	Agree with Proposal 3 to be considered as baseline. We share the same view with Nokia that the service interruption time caused by BH RLF should be minimized. There needs more discussion on the robustness and seamless behaviour for the recovery from BH RLF.

	Futurewei
	Agree with Proposal 3 as baseline. Further optimizations can be considered. Examples of the possible need for optimizations may be to minimize interruption time, or possibly based on topology constraints (for example, it may not be desirable for an IAB node to attempt a RLF recovery towards a cell of a downstream node).

	Samsung 
	We agree to reuse current UE’s RRCconnectionRe-establishment procedure when BH link has RLF.

	NEC
	Agree with Proposal 3.



--------------------------------------------------start of phase 2, section 2.2.1----------------------------------------------------------

18 companies provided comments to Proposal 3. 
· 12 companies agree that current UE’s RLF recovery mechanism is reused. 
· Out of the 12 companies, 10 companies explicitly agree to Proposal 3.
· The other 6 companies, while agreeing to have current UE’s RLF recovery mechanism as baseline, suggest to consider some modifications/additional procedures.
Therefore, the rapporteur suggests to check companies’ views on the following question for progress. 
Question 3 Which of the following options do you think is agreeable for BH RLF recovery for the non-DC case?
· Option 1: Proposal 3 
· Option 2: Proposal 3, and FFS on need of modifications/additional enhancements.

Table 3A Discussions on Question 3
	Company name
	Answer to Q3
	Please specify the modification/additional enhancements if your answer to Q3 is ‘Option 2’

	AT&T
	Option 2
	It would be beneficial for the IAB node to switch to/search for a backup/alternative parent (if any are available) before waiting for the regular RLF recovery procedure to complete to reduce service interruption time. These type of enhancements are somewhat related to the Rel-16 NR Mobility Enhancements WI.

	CATT
	Option 1
	

	Intel
	Option 1
	Proposal 3 is a good starting point. Any optimizations can be considered on their merits with separate contributions.

	ETRI
	Option 1
	Basically we agree to proposal 3, but some enhancement is needed for minimization of service interruption time. 

	OMESH
	Option 1
	

	Lenovo&MotoM
	Option 2
	The enhancement such as IAB selection is beneficial for RLF recovery. So, we can put FFS, which can be discussed based on contribution.

	ZTE
	Option 2
	Considering RRC re-establishment may need a lot of latency, some enhancements related to the Rel-16 NR Mobility Enhancements WI can be considered.

	Huawei, HiSilicon
	Option 1
	

	Ericsson
	Option 2
	

	KDDI
	Option 1
	

	Samsung 
	Option 1
	

	NEC
	Option 2
	

	Nokia
	Option 2
	

	ITRI
	Option 2
	

	QC
	Option 2
	

	LG
	Option 1
	



---------------------------------------------------end of phase 2, section 2.2.1----------------------------------------------------------

2.2.2 DC case
According to TS 37.341, the procedure of SCG/MCG failure handling is as the following. 
	If radio link failure is detected for MCG, the UE initiates the RRC connection re-establishment procedure.
The following SCG failure cases are supported:
-	SCG RLF;
-	SN change failure;
-	For EN-DC, NGEN-DC and NR-DC, SCG configuration failure (only for messages on SRB3);
-	For EN-DC, NGEN-DC and NR-DC, SCG RRC integrity check failure (on SRB3).
Upon SCG failure the UE suspends SCG transmissions for all radio bearers and reports the SCG Failure Information to the MN, instead of triggering re-establishment.
In all SCG failure cases, the UE maintains the current measurement configurations from both the MN and the SN and the UE continues measurements based on configuration from the MN and the SN if possible. The SN measurements configured to be routed via the MN will continue to be reported after the SCG failure.
NOTE:	UE may not continue measurements based on configuration from the SN after SCG failure in certain cases (e.g. UE can not maintain the timing of PSCell).
The UE includes in the SCG Failure Information message the measurement results available according to current measurement configuration of both the MN and the SN.	The MN handles the SCG Failure Information message and may decide to keep, change, or release the SN/SCG. In all the cases, the measurement results according to the SN configuration and the SCG failure type may be forwarded to the old SN and/or to the new SN.


According to the agreed baseline, the rapporteur suggests to check whether the following proposals are agreeable to all. Companies are invited to share their comments on Proposal 4. 
Proposal 4 When DC is configured for the child IAB-node, 
· 4.1 If RLF is detected for MCG-link, the child IAB-node initiates the RRC connection re-establishment procedure.
· 4.2 If RLF is detected for SCG-link, the child IAB-node applies the same SCG failure handling as specified in TS 37.341.
Table 4 Discussions on Proposal 4
	Company name
	Comments

	CATT
	Agree with Proposal 4.

	QC
	Recovery SCG/MCG links should use UE procedures. These procedures may be amended in Rel-16+ (e.g. fast MCG recovery mentioned below). IAB should stay agnostic to this. 

	Intel
	Agree with proposal 4.

	KDDI
	Agree with proposal 4.

	OMESH
	Agree with QC on it, but… unless we find something shall be IAB specific. I don’t think we shall just solely rely on other groups who may not having IAB needs bearing in mind.

	Kyocera
	We agree with Proposal 4 and assume it’s applied to both EN-DC and NR-DC.

	Huawei, HiSilicon
	It should be noted that Rel-16 IAB MT may also support Rel-16 eDCCA features (depending on UE capability). At least the agreement regarding MCG RLF report should be considered in IAB WI, i.e. the MT may not need to do RRC reestablishment if it supports eDCCA.

	LG
	Agree that upon BH failure on MCG, re-establishment should be triggered.
Agree that upon BH failure on SCG, existing behaviour, i.e. SCG failure information procedure should be triggered.  

	Nokia
	We do not agree with the proposal. It does not make sense to initiate RRC Reestablishment procedure in case the SCG link is operational and BH link interruption time can be avoided. Please note that RAN2 is currently specifying Fast MCG recovery procedure, which in our opinion should be the baseline for IAB. Some of the agreements so far include, e.g.:
Agreements for MCG fast recovery:
18 MCG fast recovery targets all MRDC architecture options
1:	When MCG failure occurs, UE follows SCG failure-like procedure:
18. UE does not trigger RRC connection re-establishment. 
ii.	UE triggers an MCG failure procedure in which a failure information message is transmitted to the network via SCG.
2: 	MCG fast recovery targets the following use cases MCG leg RLF
FFS: Other uses cases. Can consider in future whether the mechanism can be also be applied in the case of other MCG failures. 
(…)
There is no need to work on this aspect in IAB WI and Proposal 4 is not needed.

	Lenovo&MotoM
	Agree with proposal 4.

	ZTE
	 It was agreed that MCG failure can be indicated to the network via the SCG in RAN2#105 meeting for Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements WI. In our opinion, this agreement  also can be used for IAB MT with more than one parent IAB nodes.
Therefore, if RLF is detected for one of the link with parent IAB-nodes, the MT part of IAB-node can suspend transmissions instead of triggering re-establishment. Meanwhile, it can report the radio link failure information to the donor CU via the other available link. 

	Ericsson
	We are assuming by MCG link, here it is meant the link to the parent where the MT has set up its SRB1/2, because from backhauled traffic (and hence BH RLC channel) point of view, there is actually no difference in the two paths.
Since we have already agreed in rel-16 CA/DC to have the fast MCG recovery via the SCG, we should make use that feature also for the IAB case.
That is, re-establishment is performed only if we have RLF on both links, otherwise, the link that is still operational will be used to report the RLF on the other link.   

	ETRI
	Agree with Proposal 4.

	Sharp
	Agree with Ericsson.

	AT&T
	We agree with Nokia and Ericsson that since IAB is a Rel-16 feature, the fast MCG recovery feature should be the baseline for IAB and equally applicable to EN-DC and NR-DC scenarios.

	ITRI
	Agree with Nokia and ZTE that fast MCG recovery procedure can be the baseline for IAB. 

	Futurewei
	We do not agree with proposal 4 as written. Our preference is that the fast MCG recovery procedure should be the baseline for IAB RLF recovery. Hence we agree with the points raised above by other companies in this regards.

	Samsung
	This is also related to proposal 2. As indicated, option d’ doesn’t have the explicit MN and SN deployment. Without this clarification, we cannot discuss on handling of MCG-link and SCG-link failure. Note that UE’s MCG/SCG link have their clear role w.r.t. the control signalling. 

	NEC
	Agree with Proposal 4.

	
	


On fast MCG recovery
Furthermore, some company contributions discussed on supporting of fast MCG recovery. As the discussions will anyway be carried out in a separate WI, it seems possible to make the following observation. 
Observation 1 Fast MCG recovery is handled under a separate WI (LTE_NR_DC_CA_enh WI). Therefore, there is no need to discuss it specifically for BH link. It is FFS if the procedure for Uu fast MCG recovery can apply to BH MCG-link when the related studies are concluded in the separate WI.
Companies are invited to share their comments on Observation 1, if any.
Table 5 Discussions on Observation 1
	Company
name
	Comments

	CATT
	Agree with Observation 1.

	QC
	See our comment under proposal 4. 

	Intel 
	Agree with observation 1.

	KDDI
	Agree with observation 1.

	OMESH
	See comment under proposal 4.

	Kyocera
	We agree with Observation 1.  
For now, we prefer not to introduce a new section for BH-RLF related procedure in the specification but to reuse the existing behaviour as much as possible, in order to easily leverage the fast MCG recovery mechanism if it can be also applied to IAB. 

	Huawei, HiSilicon
	Fast MCG recovery should be discussed separately in eDCCA WI, but their agreements should be taken into account here. Generally we think there is no major impact to our discussion.

	LG
	Agree that there is no point for us to spend much time on fast MCG recovery before fast MCG recovery feature become mature. That is, any discussion on MCG fast recovery should be deprioritized in IAB session for upcoming two meetings. However, if MCG recovery becomes mature in a short time and this feature is compatible with IAB, then this feature can be naturally incorporated into IAB framework with trivial effort.

	Nokia
	We agree with the first part of the observation, i.e. there is no need to work on it in IAB WI. We do not think we need an FFS. Once the procedure is specified, it can be reused, similarly as RRC Reestablishment or RLF detection procedures. Hence, there is no need to capture Proposal 4 nor FFS from observation 1. For DC case, we think we can simply agree to ruse the MCG and SCG failure procedures that will be available in Rel-16.

	Lenovo&MotoM
	Agree with observation 1.

	ZTE
	See comment under proposal 4. We can wait for their progress and we think the procedure for Uu fast MCG recovery can apply to BH MCG-link when the related studies are concluded in the separate WI.

	Ericsson
	See our response to proposal 4.

	ETRI
	Agree with Observation 1.

	Sharp
	Agree with Ericsson.

	AT&T
	We do not see the need for the FFS on the use of fast MCG recovery for IAB (see our response to Proposal 4).

	ITRI
	Agree with Observation 1.

	Futurewei
	No need for FFS regarding use of fast MCG recovery for IAB

	Samsung
	One of agreements made in RAN2#106 is :
R2-1906998	User plane aspects of supporting NR-DC for IAB nodes	Ericsson	discussion	Rel-16	NR_IAB-Core
DISCUSSION 
- 	Huawei think “backhaul bearer” is not clear. 
In NR-DC framework for IAB nodes PDCP is not supported for BH RLC channels, so any PDCP related functions like “split bearer” is not supported, For routing etc BAP is used.
Main restriction of fast MCG recovery is to use split SRB. However as seen in the above, there is no support of split bearer. Thus it could not be FFS at the moment. 

	NEC
	Agree with observation 1.



--------------------------------------------------start of phase 2, section 2.2.2----------------------------------------------------------

18 companies provided comments to Proposal 4 and Observation 1. As these discussions are closely related to each other, it seems we can conclude on the discussions on Proposal 4 and Observation 1 jointly. 
· 7 companies agree with Proposal 4 and Observation 1, i.e., to reuse existing UE’s procedure, and put fast MCG-recovery FFS until it is concluded in a separate WI. 
· 10 companies support that re-establishment is performed only if RLF occurs on both links, while the exact descriptions of their proposal may be different. 
· 1 company thinks there is no support of split bearer in BH link and thus it could not be FFS at the moment. 
Based on these, the rapporteur suggests to check companies’ views on the following Question for progress. 
Question 4 Which of the following options do you think is agreeable for BH RLF recovery when the child IAB-node is configured with DC?
· Option 1: Proposal 4 + Observation 1, i.e., to reuse existing UE’s procedure for BH link RLF recovery, and put fast MCG-recovery FFS for BH link RLF recovery until it is concluded in a separate WI.
· Option 2: Re-establishment is performed only if RLF occurs on both BH links. BH link RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16.

Table 4A Discussions on Question 4
	Company name
	Answer to Q4
	Comments if any

	AT&T
	Neither, suggest adding a new Option 3: MCG fast recovery is the baseline for BH link RLF recovery. Since the solution is being developed under LTE_NR_DC_CA_enh_WI, no additional work may be needed under IAB WI.
	Making MCG fast recovery FFS seems to imply it is pushed to Rel-17+. We believe it should be supported as the baseline procedure in Rel-16.

	CATT
	We can take option 2 as working assumption so that we can progress on downstream notification design aspects.
	Iit is our understanding that option 1 does not preclude enhancements such as fast MCG recovery being adopted for IAB. It is just that we do not spend time here in this WI and wait for the output for the separate WI, and then let’s see if there is any issue with using those enhancements. If the point of option 2 is that we can use whatever it is the output of DC_CA WI, I guess a precondition is that no further work is required in this WI to adopt that. In this sense the gap between option 1 and 2 is not that large anyway.  
Although our original proposal is to put fast MCG recovery FFS, it seems slight majority’s view to go with direction of option 2.For the sake of progress we are OK to having option 2 as working assumption. As in section 2.3.2 we need a clear understanding of the RLF recovery procedure for DC case, so that we can discuss further on the behaviour of recovery failure and downstream notification. If later we found any issue with the working assumption, we can revisit it. 
And, btw our understanding is that option 2 already covers the proposal from AT&T.

	Intel
	Option 2
	Assuming the fast MCG recovery work is completed in Rel 16, we see no reason it would not be available to IAB…

	ETRI
	Option 1
	

	OMESH
	Agree with AT&T
	

	Lenovo&MotoM
	Option 1
	

	ZTE
	Option 2
	It is reasonable to reuse the UE’s MCG and SCG failure recovery procedures specified in Rel-16.

	Huawei, HiSilicon
	Option 2
	But suggest to only keep the second sentence “BH link RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16.”

	Ericsson
	Option 2
	However, the terminology may need some change. “When RLF occurs” is a bit vague. When RLF is detected on the SCG, SCG failure recovery is triggered, when RLF is detected on the MCG, MCG failure recovery is triggered.  So we agree with Huawei’s comment above.

	KDDI
	Option 2
	

	Samsung 
	Option 1
	We would like to correct our original response in table 5. Since there could be split SRB for CP traffic of MT, there is possibility to use fast MCG recovery solution. However we would like to do study once this solution gets concrete for adopting IAB situation.

	NEC
	Option 1
	We can re-use the UE procedure. It is unnecessary to re-establish the link only when both of MCG and SCG are suffering RLF. 

	Nokia
	Agree with AT&T
	

	ITRI
	Option 2
	

	QC
	Option 2
	We agree with ZTE, HW and Ericsson. We support Ericsson’s wording.

	LG
	Option 1
	NOTE 1: IAB relies heavily on existing Rel-15 functionality. It may leverage additional features/enhancements defined as part of other Rel-16 WIs, but it should not depend on the timely completion of these features. The scope of this section is limited to the aspects envisioned to be treated as part of the IAB WI.
As shown in the above NOTE in the IAB WID, there is clear guideline for this kind of enhancement. We think that RAN2 should follow this guideline in the IAB WID. 

	Futurewei
	Option 2
	Agree with comments from ZTE, HW, E///, and QCM. Remove first sentence of Option 2.



---------------------------------------------------end of phase 2, section 2.2.2----------------------------------------------------------
2.2.3 Summary of section 2.2
· Summary of section 2.2.1, Recovery from BH RLF by the child IAB-node, non-DC case
From comments to Table 3A, 16 companies provided views, where
· 8 companies support option 1, among which 2 companies say in their comments that they support looking at possible enhancements. 
· The other 8 companies support option 2. 
But out of the 10 companies that show some support of further studies on possible enhancements, there seems to be no details provided. To summarize, there seems to be no clear majority regarding whether possible enhancement/modification should be considered or not. To progress the rapporteur suggests to go with Option 2, with the note that companies that support Option 2 are invited to provide detailed justifications on possible modifications/enhancements. 
Proposal 3 When the child IAB-node is not configured with DC, it applies for BH RLF recovery the same procedure as UE’s RLF recovery as specified in TS 38.331. FFS on need of modifications/additional enhancements.

· Summary of section 2.2.2, Recovery from BH RLF by the child IAB-node, DC case
From comments to Table 4A
· 5 companies support Option 1, among them 1 company thinks there is possibility to use fast MCG recovery solution, and would like to do study once this solution gets concrete for adopting IAB situation.
· 9 companies support Option 2 or reworded Option 2.
· 3 companies support an Option 3 proposed by one company, which suggests fast MCG-recovery (which is under working in a separate WI) as baseline.
Rapporteur understands that the following reworded Option 2 is clear and it does not preclude fast MCG-recovery as proposed by Option 3.
· Reworded Option 2: BH RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16.
To summarize, there seems to be majority’s support to reuses the UE’s MCG and SCG RLF recovery procedures specified in Rel-16. Therefore, the rapporteur suggests to take the reworded Option 2 (i.e., Proposal 4 below) as a working assumption, so that we can further base the other discussions on this. 
Proposal 4 The following is agreed as working assumption:
BH RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16.


2.3 BH link RLF notification to downstream node(s)
2.3.1 Non-DC case
On possible notification types
It has been agreed that RAN2 assumes there is a RLF notification at BH Link RLF, at least to downstream node(s). From the company contributions, there seems to be the following possible notification types to downstream node(s).
· Type 1 – “Plain” notification: Indication that BH link RLF is detected by the child IAB-node.
· Type 2 – “Trying to recover”: Indication that BH link RLF is detected, and the child IAB-node is attempting to recover from it. 
· Type 3 – “BH link recovered”: Indication that the BH link successfully recovers from RLF.
· Type 4 – “Recovery failure”: Indication that the BH link RLF recovery failure occurs. 
· Type 4x – “Indicating child nodes to perform RLF procedure”: it is implementation when the parent sending this indication, and the child node should perform RLF related procedure when receiving this indication. 
Companies are invited to share their views on the above types, or comments if they see other definitions/types.
Table 6 Discussions on possible notification types (downstream, non-DC)
	Company name
	Preferred type(s)
	Comments if any

	CATT
	Type 1 only.
	We prefer a simple downstream notification design, as for Rel-16 the IAB-nodes are fixed and the probability of BH link RLF is anyway quite low. We are therefore not sure how much a finer granularity of status notification then Type 1 only contributes to the overall system performance.
As mentioned in [7], the notification may also include the IDs of the child/parent –IAB nodes in question, so that it is clear which BH link is in RLF situation. 

	QC 
	Type  4 only
	Let’s first agree on a simple baseline solution: The node should attempt to recover and only alert its child nodes if recovery fails. This makes signalling simple and the behaviour of the downstream node is obvious. 

	Intel
	Type 4. Can also consider Type 1 and type 4 (but type 1 alone is not adequate).
	The purpose of the indication is to have the descendant nodes take actions. Causing descendant nodes to attach to alternate parents based on just detection of RLF is not appropriate – the node may recover from the RLF. Recovery failure is what should trigger such actions.

	KDDI
	Type 4 only
	Considering the following sentence from TR38.874, type 4 seems to be reasonable.
“Option 2: The IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. Child IAB-nodes receiving this alert can forward the alert further downstream. Each IAB-node receiving such alert initiates BH-RLF recovery as discussed above.”

	OMESH
	Type 4
	Considering to minimize the flooding the notifications.

	Kyocera
	Type 1 – “Plain” notification with repetition (i.e., not “one-shot” indication)
	We think Type 1 can cover all the scenario assumed in the other Types, if Type 1 is repeatedly transmitted during the child IAB node experiences RLF (e.g., during T311 is running).  
For example, it’s repeatedly sent during the IAB node is “Trying to recover” (i.e., the case for Type 2) and stopped when “BH link recovered” (i.e., the case for Type 3). In case of “Recovery failure” (i.e., the case for Type 4), we assume the MT goes to RRC IDLE, which means PSS/SSS/PBCH are stopped. 

	Huawei, HiSilicon
	Type 4x
	We should focus on the behaviours when the MT of the child node receives this indication, but not behaviours when the parent node DU sends this indication. When sending this indication can be purely implementation, and it is difficult/unlikely to be specified.

	LG
	For non-DC, type1 or type 2 seems sufficient. 
If we want to have common behaviours for non-DC and DC cases, it seems OK to commonly apply a family of types including type2, type3 and type4.  
	We think type1 and type2 are essentially the same.

We think a family of type2, 3 and 4 is useful if the child node is configured with DC, and otherwise a single type of message indicating the failure of recovery, i.e. type4 seems sufficient. Note a parent IAB node will not know the topology of its child node whether it is configured with DC or not.  

	Nokia
	Type 2, Type 3, Type 4
	We think three types of indications would be useful as explained in the following tables. 

	Lenovo&MotoM
	Type4 only 
Or type1+type4

	Tpye1 is a supplement for type4.
There are different benefits for type1 and type4. When child IAB receives type1 notification, the child IAB can try to find a candidate IAB. When child IAB receives type4 notification, perform switching.

	ZTE
	Type 1, Type 3, Type 4
	We think Type2 is meaningless. In current specification, the UE will perform RRC re-establishment when RLF is detected.  But Type 1, 3 and 4 are all useful. When receiving Type1 notification, the IAB can prepare for potential RRC re-establishment such as early measurement of neighboring cells. When receiving Type3 notification, the IAB can stop preparing for potential RRC re-establishment. When  receiving Type4 notification, the IAB shall try to access to another parent IAB node.

	Ericsson
	We prefer the last three ones. 

	Type 4 is necessary to trigger the child IAB node to start a re-establishment and connect to another parent node. Type 4 should be triggered upon an RRC re-establishment failure by the node which experienced the RLF. 
Type 2 and type 3 go together. Type 2 is used for early warning, i.e. RLF is detected but the recovering procedure is ongoing. Type 2 can be used to prevent the child nodes to continue sending data to the node (e.g. configured grants) or requesting for grants and avoiding unnecessary parent IAB node reselection of child IAB nodes and the route topology update. Type 3 may be used to resume transmissions (e.g. on scheduled grants) or the possibility to request UL grants, for instance.
Type 1/2/3/4 seems not appropriate term. It is basically a 2-step notification:
· Step 1: RLF message 1 indicating recovery procedure is triggered;
· Step 2: RLF message 2 indicating recovery procedure succeeds or fails. 
 

	ETRI
	Type4
	Agree with QC’s view.

	Sharp
	At least Type 4
	The behavior upon receiving Type 1, 2 or 3 is not clear.

	AT&T
	Type 2/3/4 
	It is not clear how much of the behavior related to sending or receiving the different messages should be specified or left to implementation.

	ITRI
	Type 4 only
	IAB node would attempt to recover from RLF. Downstream nodes may overreact upon Type 1, 2, 3 notifications and cause unnecessary message overhead.

	Futurewei
	Type 4
	The indication should indicate to downstream nodes that the indicating node has suffered a RLF that it has not be able to recover from.
What actions a downstream node should initiate in response to this indication can be further discussed. For example, the downstream IAB node make consider this to be another criterion to declare a RLF (in addition to the baseline criteria of proposal 1), and initiate appropriate RLF recover procedures.

	Samsung 
	1 is good to have
3 and 4 are necessary.
	We think that rather immediate path switching from the failed node to the other seems to underestimate the cost due to frequent cell switching, which includes the route update signalling all along to the end IAB node to the donor IAB node. So two step indication could be one direction.
RLF notification is necessary for the down stream IAB node to identify the possible path switching, and do some buffering/ marking for the packets transmitted before receiving recovery failure indication. Or prepare parent node switch a priori, etc.
BH recovered indication can be used by the downstream node to restart the its data transmission. 
Recovery fail indication is given when recovery is failed. Purpose is for the downstream IAB to switch to the other parent node or release the RRC connection since DU will be disabled and MT will go to the IDLE mode.

	NEC
	Type 1 only
	Type 1 is simple and brings no ambiguity. The other types have more controversial issue to be discussed. So we suggest to have these optimization in the future release. 



When to send a notification by the child IAB-node
There are different proposals on the condition of sending a downstream notification by the child IAB-node. For example, some think when to send a notification can be up to implementation, while some propose that it is triggered by certain conditions in the BH link (e.g., detection of RLF failure, recovery success, or failure). 
Companies are invited to share their comments on the condition of sending a notification.
Table 7 Discussions on the condition of sending a notification (downstream, non-DC)
	Company name
	When does the child IAB-node send a notification (please specify each of them if more than one notification types preferred)
	Comments  if any

	CATT
	The child IAB-node sends a notification to its downstream node upon detection of BH link RLF.
	As explained in Table 6, we prefer a simple and clean behaviour here. 

	QC
	The IAB-node sends a notification when RLF recovery fails (i.e. type 4).
	This question is redundant to Table 6. 

	Intel
	RLF failure at the MT causes the DU to send a backhaul failure indication (type 4).
	Type 1 in addition to type 4 can help descendant nodes to perform measurements etc and identify potential alternate parent nodes. But type 4 is essential and whether type 1 is needed in addition should be discussed.

	KDDI
	Same view as QC.
	

	OMESH
	Same as comments to last question.
	

	Kyocera
	Entering condition: at RLF declaration. 
Leaving condition: at RRC Reestablishment procedure completed. 
During the condition is fulfilled, RLF notification is sent repeatedly. 
	RAN2 agreed “there is a RLF notification at BH Link RLF” as assumption, and the BH RLF detection takes the existing RLF detection mechanism if the proposals in section 2.2 above are agreed. In this sense, the triggering condition for RLF notification should be specified. Otherwise, even BH RLF detection can be up to implementation. 

	Huawei, HiSilicon
	Up to implementation of IAB.
	We don’t need to determine the right time when the parent node deems the BH is not available anymore, which can be purely an implementation issue.
Further, the interaction between MT and DU is unnecessary to be discussed based on implementation.

	LG
	 Send type2 when it detects BH RLF  
Send type3 when successfully receiving RRCReestablishment message.  
Send type4 upon expiry of T311 
	

	Nokia
	We should not specify when to send the notifications as this is up to network implementation. 
	Instead of specifying when to send the notifications, we should rather describe their meaning and the possible/expected IAB node actions. Depending on the indication type this would be:
Type 1 – if only ne notification will be agreed, then it does not make sense to send it always upon RLF detection. In case the child IAB node experiencing RLF has a chance to reconnect to another parent, then it should make such attempt before sending the indication. The indication should only be sent downstream in case the intention is for downstream node to try to find another parent. 
Type 2 – This should indicate that a downstream node may experience the issues with the connection but should keep the connection as there is chance for parent to recover. Other actions may be taken by the child node, e.g, it may refrain from asking for resources (this does not have to be specified).
Type 3 – This means the parent has recovered and normal operation continues.
Type 4 – In three-type RLF indications scheme this would be an equivalent of Type 1 indication, i.e. it would normally trigger the receiving node to take some action to find a new parent etc.

	Lenovo&MotoM
	When RLF is detected, type1 notification is transmitted. When RLF recovery fails, type4 notification is transmitted.
	

	ZTE
	For Type1: when it initiates the RRC re-establishment procedure.
For Type3: when RRC re-establishment  procedure succeeds.
For Type4: when RRC re-establishment procedure fails.
	

	Ericsson
	Normal behaviour could be for type 2 notification is sent by an IAB node when the RLF is detected (i.e. T310 expires) and the recovery procedure of the backhaul link to its parent IAB node is started. 
Normal behaviour could be for type 3 notification to be sent by an IAB node when the re-establishment procedure succeeds.
Normal behaviour could be for type 4 notification to be sent by an IAB node when the re-establishment procedure fails (i.e. T311 expires).
 


	However, some aspects could be left up to implementation. For example, an IAB node may send a type2 message towards a child node when it receives a type 2 message from a parent. Also, the IAB node may send the type 2 message when out of sync is detected (i.e. T310 is started) and type 3 message when in sync is detected before T310 expires.

	ETRI
	The child IAB-node sends a notification to its downstream when RLF recovery fails.
	

	Sharp
	Same view as QC.
	

	AT&T
	This can be left up to implementation
	As pointed out by several companies, different events can trigger the sending of Type2/3/4 notifications (e.g. timer start vs. expiry). In this case the content of the messages should be specified, but the behaviour can be up to implementation.

	ITRI
	The child IAB-node sends a notification to the downstream nodes when RLF recovery failed.
	Same as the comments to Table 6.

	Futurewei
	Seems to be defined by which indication case(s) are supported in Table 6
	

	Samsung 
	RLF indication is sent on detection of RLF at the node;
BH recovered indication is sent on MT’s re-establishment success.
Recovery failure is sent on failure of RLF (i.e. re-establishment procedure) at the node.
	

	NEC
	The child IAB-node sends a notification to its downstream node upon detection of BH link RLF.
	



Intended behaviour when a node receives a notification
Furthermore, the intended behavior when a node receives a notification remains open issue. Such behavior may include (not limited to) aspects like whether to pass on the notification further to its downstream nodes, and how to handle the connection/scheduling on its upstream/downstream BH link, in order to improve resource efficiency. 
Firstly, companies are invited to share their view regarding whether (or in which condition) a node should pass on the notification to its downstream node, if it receives a notification.
Table 8 Discussions on whether (or in which condition) a node should pass on the notification to its downstream node (downstream, non-DC)
	Company name
	Comments

	CATT
	When a node receives a notification, it does not pass the message on immediately, as that would unnecessarily cause an extensive impact to all the downstream nodes along the path. Instead, the node shall first try to find an alternative path to replace the one in problem. If this is not possible then it can pass the notification further.  

	QC
	Transmission of RLF notification when RLF recovery fails. Downstream node attempts RLF recovery when notification is received.

	Intel
	If a node receives a backhaul failure notification it attempts to find a parent other than the nodes that have experienced a backhaul failure. If it fails to connect to an alternate parent, it sends the indication downstream.

	KDDI
	Same view as QC.

	OMESH
	Same view as Intel and QC.

	Kyocera
	We think the condition should be the same, i.e., RLF notification should not be passed, but just sent when the MT experiences BH RLF. 

	Huawei, HiSilicon
	When to send this notification type4X is implementation and can be decoupled with receiving a Type 4X indication. 
When a node receiving the Type 4X, it should perform normal RLF procedure, but whether and when to send another Type 4X indication depends on its RLF recovery progress, which is general to all kinds of RLF cases.

	LG
	 Only upon reception of message indicating the failure of recovery 4 such as type4, the node considers its upstream BH fails and hence sends type2 message to its downstream. It then subsequently triggers either type3 or 4 

	Nokia
	The behaviour depends on the type of notification received. We think only actions upon reception of Type 1 and Type 4 notifications should be specified. As mentioned, these indications should be sent only in case there is no possibility to recover and this also holds for passing the notification further. 

	Lenovo&MotoM
	When the child node receives type1 notification, the child node try to detect the candidate cell. 
When the child node receives type4 notification, the child node performs recovery procedure. If recovery fails, further forward the type4 notification to its descendant node.

	ZTE
	When the IAB node receives RLF notification from its parent IAB node, it can forward this notification to its child IAB node. 

	Ericsson
	For type 4, the node receiving this indication should trigger an RRC-reestablishment to try to connect to another node (i.e. no passing down information to children nodes)
For type 2, the node receiving this indication may pass the indication to downstream nodes. But this could be either left up to implementation, or it could be discussed whether that could be a configurable behaviour. We don’t think the IAB node receiving a type 2 message could perform some actions like stopping L2 procedures such as sending SRs or using configured grants but should not try to find an alternate path, that should happen only on the reception of type 4.
For type 3, the node receiving this indication should restart/resume whatever was disabled/suspended on the reception of type 2 notification (e.g. sending of SRs or using configured grants). If Type 2 message is forwarded downstream, then type3 could also be forwarded to child nodes.


	ETRI
	Same view as QC.

	Sharp
	Same view as QC.

	AT&T
	Agree with the comments from Ericsson.

	ITRI
	Same view with Intel.

	Futurewei
	There is no need to for an IAB node to forward a indication of BH RLF to its downstream nodes. Of course, if the node that receives an indication of BH RLF also subsequently experiences BH RLF as a result of the BH RLF experienced by a parent node, then this node would in turn generate its own indication of BH RLF and transmit it to downstream nodes.

	Samsung 
	If failure indication is relayed to the all the downstream nodes sequentially, there must be some time lag to get the stable path between end-UE and the donor node since each node will do their own cell search (i.e., parent node switching). We think to resolve the single point of failure is better than the failure propagation. So, we don’t think passing the notification to its downstream node is not necessary.

	NEC
	The child node should not relay the notification to its child node only in case it cannot find an alternative path. 



Then, companies are invited to comment if they see any other intended behavior when a node receives downstream notification, especially when such intended behavior requires specification work. 
Table 9 Discussions on other intended behaviour upon reception of notification (downstream, non-DC)
	Company name
	Comments

	CATT
	We think besides forwarding the notification to downstream nodes as discussed in the previous table, other behaviour upon reception of notification is largely implementation-based.

	QC
	We should first agree on a very simple baseline before we add optimizations.

	Kyocera
	The MT/UE in Connected should stop the communication with the upstream node. 
In addition, for the MT/UE in IDLE, these should not initiate RRC Request to the child node sending RLF notification. It’s FFS whether these should further exclude the child node from cell reselection candidates. 

	Huawei, HiSilicon
	Normal procedure for upon detecting RLF (MCG-RLF, SCG-RLF).

	LG
	Upon reception of type1/2, do nothing.
Upon reception of type3, do nothing. 
Upon reception of type4, it considers that the upstream BH experiences RLF and follows the corresponding behaviours; suspend logical channels on upstream TX/RX and do not suspend scheduling on downstream. 

	Nokia
	The explanations we provided in Table 7 and 8 are also relevant here.

	ZTE
	The child IAB node can wait for the link recovery of the IAB node when the child IAB receives RLF notification. During the waiting time, the child IAB can prepare for potential RRC re-establishment such as early measurement of neighboring cells.

	Ericsson
	Upon reception of a Type 2 (Trying to recover) a child IAB node should (see figure below) stop the L2 procedure for uplink transmission because continuation of UL data transmission by the downstream IAB nodes increases the possibility of packet loss if the BH link is not recovered. However, for the downlink, data transmission towards child nodes should not be impacted as the downstream backhaul links from an IAB node that experienced BH RLF are probably still OK. For instance, in the figure below, the links “UE – IAB N0 – IAB N 1” can be still OK even when RLF occurs for the hop “IAB N1 – IAB N2”. This is similar even for the case of type 4 (i.e. an IAB node can keep transmitting buffered DL packets to its children IAB nodes even though the link to its parent is lost).
[image: ]

	AT&T
	In case of Type 2/3 messages, the IAB node behaviour (other than downstream forwarding) could be left to implementation (e.g. halting sending SR). 

	Futurewei
	Upon receiving a Type 4 indication (other types are not needed), the IAB node may consider this as an indication of RLF from the upstream node that sent the indication. After this, the IAB node should perform the normal procedure for RLF recovery.

	Samsung 
	As commented in Table 6, three step indication is proposed by us. RLF notification is necessary for the down stream IAB node to identify the possible path switching, and do some buffering/ marking for the packets transmitted before receiving recovery failure indication. Or prepare parent node switch a priori, etc. 
When downstream node receives BH recovery indication, it can start to transmit its data. 
Recovery fail indication is given when recovery is failed. Purpose is for the downstream IAB to switch to the other parent node or release the RRC connection since DU will be disabled and MT will go to the IDLE mode.

	NEC
	The DU part of the IAB node which RLF occurs shall stop the service, until it find another alternative path. Other behaviour are implementation based. 



--------------------------------------------------start of phase 2, section 2.3.1----------------------------------------------------------

On the supported downstream notification type(s)
18 companies provided comments on what are the possible notification types for downstream (some companies have 1st and 2nd choices). 
· Type 1 only: 	2 companies
· Type 4 only: 	9 companies
· Type 1 + 4: 		2 companies
· Type 2+3+4:	4 companies
· Type 1+3+4: 	2 company
· Type 4x		:	1 company
Therefore, the rapporteur suggests to check companies view on the following options for progress. 
Question 5 Which of the following options do you think is agreeable for BH RLF notification for downstream, when the child IAB-node is not configured with DC?
· Option 1: Type 4 only 
· Option 2: Type 4 is supported, FFS on need of other type(s)

Table 5A Discussions on Question 5
	Company name
	Answer to Q5
	Comments if any

	AT&T
	Option 2
	Type 2 and Type 3 should be additionally considered

	CATT
	Option 1
	As commented in phase 1 we prefer type 1 as it is simple. Now that if the majority’s view is in option 1 or 2, we can support option 1 for simplicity. 

	Intel
	Option 2
	Type 4 is clearly needed. In addition it would be useful to have an indication of a potential problem (e.g., type 2) to trigger actions to identify alternate parents at child nodes.

	ETRI
	Option 1
	

	OMESH
	Option 1
	

	Lenovo&MotoM
	Option 2
	Type 4 can be agreed as baseline. FFS can be discussed based on contribution.

	ZTE
	Option 2
	Besides type4, other indication such as  when it initiates the RRC re-establishment procedure is also useful, with this indication, the child IAB node  can make preparation for potential RRC re-establishment such as early measurement of neighboring cells.

	Huawei, HiSilicon
	Option 1
	

	Ericsson
	Option 2
	From our point of view and given the type of description some companies have given, type 1 and type 2 are pretty much the same. It is suggested to be an indication that may be used by the MT to buffer data, to hold transmissions, to trigger the MT to perform measurements, etc. Thus, companies agree that it may be beneficial to transmit an indication when RLF is detected. What differs is the actions in the MT. Since not every IAB may implement or transmit such indication, the actions upon reception of such indication could also well be left to implementation.
Also, it can be questionable what will be the real benefit of having only Type4 signalling as compared to, for example, shutting down the DU part of the IAB node to trigger re-establishment of the child IAB nodes. 

	KDDI
	Option 2
	We are fine to discuss other types other than type4, if time available in Rel-16.

	Samsung 
	Option 2
	Only type 4 also could be the solution which has the merit of simple specification. But if the time unit is available, with other type (3 or 1) helping, the solution can get finer control of timer granularity.

	NEC
	Option 1
	Option 1 can be agreed as baseline, but other option can be left for implementation. 

	Nokia
	Option 2
	Type 4 alone would not be sufficient, all Types 2, 3, and 4 would allow optimized recovery.

	ITRI
	Option 2
	“Type 4 only” is sufficient for the downstream nodes to react on BH RLF.

	QC
	Option 2
	Type 4 is a good baseline. If we have more time in the WI we can work on the FFS.

	LG
	Option 2
	We think that Type4 only is not enough to handle BH RLF problem completely. Type2 and Type 3 should be also considered.

	Futurewei
	Option 1
	



Assuming in Q5 Option 1 or 2 is agreeable, we can first progress on design aspects of Type 4 notification. 
· Type 4 – “Recovery failure”: Indication that the BH link RLF recovery failure occurs. 

On the time/condition of sending the supported downstream notification Type 4
18 companies provided comments regarding the time/condition for the child IAB-node to send a notification. 
· 13 companies support that the child IAB-node sends Type 4 notification to downstream node when BH link RLF recovery fails.
· 3 companies think that this is based on network implementation, and it is not specified. 
· 2 companies haven’t provided view on this as they focus on Type 1 notification.
Therefore, companies are invited to provide comments to Question 6 below for progress. 
Question 6 Is it agreeable to you that for non-DC case Type 4 notification is sent by the child-IAB node to downstream node when BH link RLF recovery fails?
Table 6A Discussions on Question 6
	Company name
	Answer to Q6, Yes or No
	Comments if your answer to Q6 is No

	AT&T 
	No need to specify
	This can be a valid reason for sending a Type 4 notification, but the behaviour should be left to implementation (the IAB node may consider other factors besides the MTs RLF status).

	CATT
	Yes
	For simplicity, the timing/condition of sending type 4 is according to its definition. 

	Intel
	Yes
	

	ETRI
	Yes
	

	OMESH
	Agree with AT&T
	

	Lenovo&MotoM
	Yes
	

	ZTE
	Yes
	

	Huawei, HiSilicon
	Same view as AT&T, no need to specify the condition
	Actually it is difficult to determine the timing “when BH link RLF recovery fails”.

	KDDI
	Yes
	

	Samsung 
	Yes 
	

	NEC
	Yes
	

	Nokia
	No need to specify
	The child node may try to change the BH connection and the downstream nodes could wait if that succeeds. This would be applicable especially with Opt.2/Q5.

	ITRI
	Yes
	

	QC
	Yes
	We disagree with statements above that it is “difficult to determine the time when BH link RLF recovery fails”. It is exactly the point in time when a UE would decide to go to idle state.

	LG
	Yes
	

	Futurewei
	Yes
	



On the behaviour of a node upon reception of the notification Type 4
18 companies provided comments (in table 8) regarding whether (or in which condition) a node should pass on the notification to its downstream node when it receives a notification. 
· 1 company thinks the downstream node just passes the notification on.
· 1 company thinks the passing on the message is unnecessary. 
· The other 16 companies seem to support the downstream node pass the notification on under certain condition. 
11 companies provided comments (in table 9) regarding if there is any other behaviour for a node upon reception of downstream notification.
From Table 8 and 9, it seems at least 12 companies support that a node initiates BH RLF recovery procedure when it receives notification Type 4. And, out of the 12 companies, 9 companies suggest the node sends notification further to its downstream node when the BH RLF recovery fails. 
Please note that the counting based on Table 8 and 9 may not cover all companies’ preference, as some are not described quite explicitly. But it is the rapporteur’s understanding this covers majority’s views anyway so does not impact the following discussion.
Therefore, the rapporteur suggests to check companies views on the following question for progress. 
Question 7 Is it agreeable to you that for non-DC case a node initiates BH RLF recovery procedure when it receives Type 4 downstream notification, and it only sends notification further to its downstream node when BH RLF recovery fails?  
Table 7A Discussions on Question 7
	Company name
	Answer to Q7, Yes or No
	Comments if your answer to Q7 is No

	AT&T
	Yes (part 1) No (part 2)
	We agree that a node receiving a recovery failure indication should start its own RLF recovery procedure. However, as Futurewei pointed out, it is not correct to say that the BH RLF recovery indication is then additionally sent downstream in this case as it should be a new indication generated by the IAB node. In other words, the grandchildren nodes do not need to be aware of the grandparent RLF recovery failure, just the parent recovery failure. But similar to Q6, we believe the behaviour of when to send the notification should be left up to implementation.

	CATT
	Yes
	

	Intel
	Yes (but see comments)
	The node does not just forward the notification. It needs to generate its own notification.

	ETRI
	Yes
	

	OMESH
	Agree with AT&T
	

	Lenovo&MotoM
	Yes
	

	ZTE
	Yes
	

	Huawei, HiSilicon
	Similar view as AT&T
	

	Ericsson
	Yes
	We are agreeing to the proposal under the following assumption: the IAB node receives a type -4 notification and it will try to re-establish, and if it doesn’t succeed (i.e. fails to find another parent node/cell to establish the connection), then it will send a type-4 notification to its children nodes. As such, the type-4 message is not directly propagated to child nodes.

	KDDI
	Yes
	

	Samsung 
	Yes 
	

	NEC
	Yes 
	

	Nokia
	Agree with AT&T
	

	ITRI
	Yes
	

	QC
	Yes
	We hope Ericsson’s explanation has resolved AT&T’s issue. 

	LG
	Yes
	

	Futurewei
	Yes
	



On other possible behaviour when a node receives a downstream notifcaiton
Besides what has been discussed above, the rapporteur fails to observe majority’s view from Table 8 and Table 9 regarding other intended behaviour of a node upon downstream notification reception. 
Therefore, the rapporteur suggests to check companies views on the following question for progress. 
Question 8 Do you see other behaviour that needs to be specified for a node that receives a downstream notification Type 4?    
Table 8A Discussions on Question 8
	Company name
	Answer to Q8, Yes or No
	Please specify clearly the intended behaviour and reasoning if your answer to Q8 is Yes.

	AT&T
	No
	

	CATT
	No
	

	ETRI
	No
	

	OMESH
	No
	

	Lenovo&MotoM
	No
	

	ZTE
	No
	

	Huawei, HiSilicon
	No
	

	Ericsson
	No
	

	KDDI
	No
	

	Samsung 
	No
	

	NEC
	No
	

	Nokia
	No
	

	ITRI
	No
	

	QC
	No
	

	LG
	No
	

	Futurewei
	No
	



---------------------------------------------------end of phase 2, section 2.3.1----------------------------------------------------------

2.3.2 DC case
On possible notification types
As a starting point, companies are invited to share their comments regarding whether for DC case the same notification type(s) as the non-DC cases are supported.
Table 10 Discussions on possible notification types (downstream, DC)
	Company name
	Whether for DC case the same notification type(s) as the non-DC cases are supported
	If no, what is the preference

	CATT
	Yes, same.
For similar reason as commented in Table 7, we think Type 1 only is sufficient. 
	

	QC
	Yes, the same notification (type 4) is supported. 

	

	Intel
	Yes, we see no reason to have different notification types for non-DC and DC cases.
	

	KDDI
	Yes, we prefer the same notification type.
	

	OMESH
	Yes
	

	Kyocera
	Yes, the same notification type is preferable. 
	As another discussion, from the parent IAB node point of view, we wonder if in NR-DC case the notification can be sent by either MCG or SCG, while in EN-DC case it can be sent only by SCG. 

	Huawei, HiSilicon
	Yes, please see our comments above
	

	LG
	Yes 
	Introducing a family of type 2, 3 and 4 provides the benefit of reducing service interruption. 
Since BH RLF affects the performance of all descendants in IAB network, it is important to minimize the service interruption upon BH RLF. We think type2 and type3 are useful to minimize the service interruption.

	Nokia
	Same notification may apply. The difference lies in procedures for failure recovery which are executed and when the node sends the notifications, e.g. it may be able to reroute the traffic through the other leg, so no notifications are sent. However, as we mentioned earlier, when the IAB node sends a notification does not have to be specified.
	

	Lenovo&MotoM
	Yes
	

	ZTE
	Yes, the same notification type
	In our opinion, it is unnecessary to inform the child IAB node that RLF happens if the IAB node has another link available. But considering fast MCG recovery, if the IAB node has another link available, it will not trigger RRC re-establishment procedure. 
Nevertheless, we think only when the IAB initiates the RRC re-establishment procedure it will send Type 1 indication. So it is has the same notification type(s) and trigger condition with non-DC case.

	Ericsson
	Yes. We should avoid define specific notification messages for DC case. 
	

	ETRI
	Yes, the same notification type.
	

	Sharp
	Yes
	

	AT&T
	Yes, the same notification types apply in non-DC and DC cases
	The sending of the notifications may be independent for the MCG and SCG legs.

	ITRI
	Yes, we don’t see the need to distinguish between DC and non-DC cases.
	

	Futurewei
	Yes, type 4 is sufficient to address both DC and non-DC cases.
	

	Samsung 
	Unclear for now.
	First, this should be based on the assumption that two links are active. And also both link has their own purpose, such as main data path or backup path. Actually we didn’t discuss on this details before. Anyhow, according to this, only the both link have the RLF, then RLF notification and its recovery is meaningful. 

	NEC
	Yes, the same
	



When to send a notification by the child IAB-node
Due to the existence of another “leg”, there might be different procedure for downstream notification(s) for the DC case. For example, some suggests that when the child IAB-node detects BH RLF in one link, it does not have to send the notification to downstream node(s), as long as it can support CP connectivity between IAB-donor and descendant nodes via another BH link. 
Companies are invited to share their comments on the condition of sending a notification.
Table 11 Discussions the condition of sending a notification (downstream, DC)
	Company name
	When does the child IAB-node send a notification (please specify each of them if more than one notification types preferred)
	Other comments if any

	CATT
	If only SCG-link RLF is detected, there is no need to send a downstream notification. If MCG-link RLF is detected, our preference is similar as for non-DC case, i.e., the child IAB-node sends a notification upon detection of MCG-link RLF.
	If there is further conclusion regarding the applicability of fast MCG recovery (see comments in Table 5), we can revisit this.

	QC
	Child node sends RLF notification if all of its upstream paths are compromised and RLF recovery has failed.
Child should not send RLF notification if it has a functional path available.
	We should no focus on DC alone. That redundant paths via both parent links may be affected by the same upstream RLF. The node may therefore receive RLF notification on both parent links. 

	Intel
	In the DC case, RLF on one of the links (regardless of whether it is MCG or SCG) should not automatically cause disruption at downstream nodes. The node should send the backhaul failure notification only if the link to all parents fails.
	The presence of redundant paths in the DC case should make it possible to minimize topological changes in the network. If the MCG link fails, the SCG link should take over without any changes downstream.

	KDDI
	MCG-link RLF: RLF recovery fails then the IAB node should send the notification to the downstream node.
SCG-link RLF: No need to send the notification to the downstream node.
	

	OMESH
	Same view and QC and Intel.
	

	Kyocera
	For NR-DC case, the same condition with non-DC case, i.e., upon MCG RLF. 
For EN-DC case, the entering condition is upon SCG RLF declaration, and the leaving condition is completion of RRC Reconfiguration to the other SCG. 
	We think in NR-DC case both MCG and SCG can be used for IAB backhaul link, while in EN-DC case only SCG can be used for IAB backhaul link since MCG is LTE Uu. 

	Huawei, HiSilicon
	Implementation
	Discussing case by case would complicate the discussion. Sometimes it is not easy to say when is the right timing a node can see its BH unrecoverable.

	LG
	Type2 is sent upon declaration of BH RLF.
Type3 is sent upon recovery from BH RLF after type2 was sent. 
Type4 is sent upon failure of recovery from BH RLF after type2 was sent.
	

	Nokia
	As commented earlier, we should not specify when the nodes send the notifications. We should only specify the meaning and actions upon receiving the notifications (at least for Typ1/4 notification)
	

	Lenovo&MotoM
	If recovery for the failure of MCG link fails, the notification is transmitted to the child node.
For SCG link RLF, no notification to downstream node is needed.
	

	ZTE
	For Type1: when it initiates the RRC re-establishment procedure.
For Type3: when RRC re-establishment  procedure succeeds.
For Type4: when RRC re-establishment procedure fails.
	

	Ericsson
	The IAB node that experiences the RLF with one or both links to its parent(s) knows which child node will be affected by the RLF. If both links have failed, then all the child IAB nodes are affected (i.e. the same case as the non-DC case). However, if only one of the links are affected, only the node that has traffic passing through that link should be impacted.
For example, consider a case where the IAB node has two children, child1 and child2, and two parents, parent1 and parent2. Also assume that all the UL traffic from child1 is being routed via parent1, and all the UL traffic of child2 is being routed via parent2. So if the link to parent 1 experiences RLF, then the notification should be sent only to child 1, if the link the parent2 experiences RLF, then the notification should be sent only to child 2. However, if child 1 has some traffic that is coming via parent 1 and some traffic via parent 2, then child 1 should be notified if either link to parent 1 or parent 2 experiences RLF. 
	

	ETRI
	The child IAB node should send the RLF notification only if the link to all parents fails.
	

	Sharp
	Same view and QC and Intel.
	

	AT&T
	Same as in the non-DC case, the behaviour of when the notifications are sent should be left up to implementation
	

	ITRI
	Same view with QC and Intel.
	

	Futurewei
	We prefer to keep the solution as simple as possible. Therefore, we propose to support only Type 4, which would only be initiated in the IAB node that experienced the RLF attempted and subsequently failed to the RRC Reestablishment. This would be the same logic as in the non-DC case.
	

	Samsung 
	Only both links are in RLF.
	

	NEC
	Only both links are in RLF.
	If one leg is still working, the child node can still work, and find another alternative path, or recover the RLF path. 




Intended behaviour when a node receives a notification 
Similarly, the behaviour when a node receives a notification may be different when it is configured with DC. 
Companies are invited to share their view on the intended behavior upon reception of a notification.
Table 12 Discussions on whether (or in which condition) a node should pass on the notification to its downstream node (downstream, DC)
	Company name
	Comments

	CATT
	We think the behaviour regarding whether/when to pass the notification to downstream node(s) in DC case is similar to the non-DC case. See our comments in Table 8.

	QC
	First of all: The node sends notification only when RLF recovery has failed and it has no functional BH path. 
If node with two parents receives notification from only one parent it will use alternative parent for backhauling.
If node with two parents receives notification from both parents, it will send notification to all of its downstream child nodes.

	Intel
	If a node with dual connectivity (link 1 and link 2) receives a backhaul failure indication that the backhaul route through link 1 has failed, it should send an indication to the CU. The routes are then switched so that the data is routed through link 2. If such a route switch fails, then the node sends a notification downstream.
If the node is not dual connected, it tries to identify alternate parents. If it is unable to connect to an alternate parent, the node sends a notification downstream.

	KDDI
	Notification from MCG-link: RLF recovery fails then the IAB node should send the notification to the downstream node.
Notification from SCG-link: No need to send the notification to the downstream node.

	OMESH
	If a node receives RLF notification from one parent (and the other parent is still functional), it does not need to take any action unless being instructed by CU (e.g., to rebuild redundancy)

	Kyocera
	The same behaviour with non-DC case is preferable. 

	Huawei, HiSilicon
	When to send this notification type4X is implementation and can be decoupled with receiving a Type 4X indication. 
When a node receiving the Type 4X, it should perform normal RLF procedure (MCG-RLF or SCG-RLF), but whether and when to send another Type 4X indication depends on its RLF recovery progress (implementation), which is general to all kinds of RLF cases.

	LG
	Only upon reception of type 4, the node considers its BH fails and therefore sends type2 message to its downstream. Then either type3 or 4 will be followed. 

	Nokia
	Up to implementation as for all cases. In case backup routes are configured via the other leg, then there might be no need to perform corrective actions. 

	Lenovo&MotoM
	When the child node receives type4 notification from parent node related with MCG link, the child node performs recovery procedure. If recovery fails, further forward the notification to its downstream node.
When the child node receives type4 notification from parent node related with SCG link, the child node does not perform recovery procedure.

	ZTE
	It is unnecessary to inform the child IAB node that RLF happens if the IAB node has another link available. 

	Ericsson
	Upon the reception of a RLF related notification message, an IAB node should follow the same behaviour whether the notification is coming from an IAB node that has one parent or multiple parents. To begin with, it probably wouldn’t even have the knowledge whether the node sending the notification has one or multiple parents.  Thus, same answers in Table 8 apply.


	ETRI
	The child IAB node with DC sends notification to all of its downstream child nodes only when RLF notifications are received by both parent nodes.

	Sharp
	The child node sends Type 4 notification to all of its downstream child nodes if:
· It receives Type 4 notifications from both of the two parents, or
· It detects RLF on one of the upstream paths and receives Type 4 from the other.

	AT&T
	Agree with Nokia. The behaviour could be different in non-DC and DC cases, and even EN-DC vs. NR-DC, but the specific behaviour should be left to implementation.

	ITRI
	We assume a node sends RLF notification when RLF recovery has failed. 
If a child node with two parent nodes receives RLF notification from one parent, the child node use the remaining parent for routing data.
If a child node has received RLF notifications from all parents (no upstream BH link remain) and the child node couldn’t find an alternative node to recover the upstream connection, the child node sends RLF notification to downstream.

	Futurewei
	Don’t see a need for any special logic, or to introduce any new procedure or behaviour.

	Samsung 
	We don’t think the RLF notification propagation is necessary as commented in table-8.

	NEC
	Same behaviour to non-DC case, only when the child node cannot find an alternative path, it should relay the RLF notification. 




Table 13 Discussions on other intended behaviour upon reception of notification (downstream, DC)
	Company name
	Comments

	CATT
	As commented to Table 9, we think other behaviour upon reception of notification is largely implementation-based.

	QC
	If node receives notification from only one parent it may still has an alternative path via the other parent. The CU should be able to reconfigure routing via this alternative path. The CU should be able to learn about the upstream RLF (which is already supported in F1-AP).

	Intel
	When a node receives the backhaul failure notification, it should identify potential alternate parents. If a node with dual connectivity (link 1 and link 2) receives a backhaul failure indication that the backhaul route through link 1 has failed, it should send an indication to the CU. The routes are then switched so that the data is routed through link 2.
If such a route switch fails, the node sends a backhaul failure notification downstream.

	KDDI
	If an IAB node receives a notification from the parent belongs to MCG link, the IAB node should initiate RLF recovery procedure. If a notification from the parent belongs to SCG link, no need to initiate RLF recovery since the MCG link is still active.

	Kyocera
	The same behaviour with non-DC case is preferable. 

	Huawei, HiSilicon
	When a node receiving the Type 4X, it should perform normal RLF procedure (MCG-RLF or SCG-RLF), but whether and when to send another Type 4X indication depends on its RLF recovery progress (implementation), which is general to all kinds of RLF cases.

	LG
	Upon reception of type2, relocate its upstream path from the failed BH onto the other BH temporarily.
Upon reception of type3, switch back its relocated upstream path onto the recovered BH. 
Upon reception of type4, it considers that the upstream BH experiences RLF and follows the corresponding behaviours.

	Nokia
	Probably nothing more is needed.

	ZTE
	For the IAB node with multiple paths, it can re-route the data to another paths.

	Ericsson
	Same as what we covered in Table 9. 

	ETRI
	For DC case, if node receives notification from only one parent it may still has an alternative path via the other parent. So the node should notify backhaul failure indication to CU for route change. 

	ITRI
	If an IAB node has received RLF notifications from all parent nodes and no upstream BH link remain, the IAB node should first try to find an alternative upstream link to restore upstream connection. If an alternative path is found, the IAB node indicates CU to update the path. 
If the IAB node failed to restore upstream connection, the node sends RLF notification downstream.

	Futurewei
	Don’t see a need for any special logic, or to introduce any new procedure or behaviour.

	Samsung 
	No need of this.

	NEC
	Implementation based. 



--------------------------------------------------start of phase 2, section 2.3.2----------------------------------------------------------

On the supported downstream notification type(s), for DC case
From Table 10 it is observed that all but one companies support same type(s) of downstream notification for non-DC and DC case. 
Observation 2 There is majority’s support in having same type(s) of downstream notification for non-DC and DC case.
Based on Observation 2, the rapporteur suggests to reuse the conclusion from Question 5 (i.e., downstream notification type(s) for non-DC case) also for the DC case. If this is agreeable, we can first progress on design aspects of Type 4 notification for DC case in the following.

On the time/condition of sending the supported downstream notification Type 4, for DC case
18 companies provided views to Table 11. 
· 3 companies think this is based on implementation, i.e., no need to specify the time/condition of sending such notification by the child IAB-node. 
· 15 companies prefer that the downstream notification type(s) are sent by the child IAB-node under certain conditions. Among them 
· No company supports sending a downstream notification when BH link RLF occurs only in SCG-link.
· There seems to be majority’s view that for Type 4 notification, the child IAB-node sends it when BH link RLF recovery fails.
Note that companies may have different views regarding the RLF recovery procedure for DC case, which is the issue discussed in section 2.2.2.
Therefore, the rapporteur suggests to check companies’ views on the following question for progress. 
Question 9 Is it agreeable to you that for DC case Type 4 notification is sent by the child-IAB node to downstream node when BH link RLF recovery fails?
Table 9A Discussions on Question 9
	Company name
	Answer to Q9, Yes or No
	Comments if your comments to Q9 is No

	AT&T
	No need to specify
	It is difficult to understand exactly what is meant by “BH link RLF recovery” since different combinations can be considered (MCG link, MCG+SCG link, etc.). But similar to the non-DC case, there is no need to specify the triggering behaviour.

	CATT
	Yes
	Similar as comments to Q6, for simplicity, the timing/condition of sending type 4 is according to its definition.

	Intel
	No
	The type 4 notification should be sent only when backhaul recovery on both links fail.

	ETRI
	Yes 
	

	OMESH
	No
	

	Lenovo&MotoM
	Yes
	It is straightforward to follow legacy.

	ZTE
	Yes
	It was agreed that MCG failure can be indicated to the network via the SCG in RAN2#105 meeting for Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements WI. In our opinion, this agreement  also can be used for IAB MT with more than one parent IAB nodes.
Therefore, only if RLF is detected for both of the link with parent IAB-nodes, the MT part of child IAB-node will perform link recovery. And Type 4 notification is sent to downstream node when BH link RLF recovery fails.

	Huawei, HiSilicon
	Agree with AT&T, no need to specify this
	

	Ericsson
	Question not clear
	Not clear what is meant by BH RLF failure. The answer depends whether MCG fails, SCG fails or both fail. If both link fail and the IAB node was not able to find an alternate parent, then it makes sense to send type-4 notification to its children. However, if only one of the links fail the behavior should be different. For example, if SCG fails, SCG failure information is sent via MCG, and CU may release the SCG. This shouldn’t affect children nodes, if the data coming from them was mapped to the MCG link only. Also, if the IAB node has been configured to reroute the SCG link to the MCG on RLF, then it could reroute the packets that were supposed to go via the SCG to the MCG link, and thus, no need to notify the concerned children nodes as well.  


	KDDI
	
	Same view as Ericsson.

	Samsung 
	
	We agree with the problem noted by Ericsson. When both links are failed for RLF recovery, then type 4 indication should be sent to the child node.

	NEC
	Yes
	Agree with CATT

	Nokia
	No need to specify
	Similarly to non-DC case.

	ITRI
	Question not clear
	It is not clear what the child-IAB node is. We think the MCG child-IAB node sends Type 4 notification to downstream nodes when both SCG and MCG failed to recover from BH RLF.

	QC
	
	Agree with Ericsson. We could rewrite this into:
Proposal: For DC case, Type 4 notification is sent by the child-IAB node to downstream node when BH link RLF occurs on both parent links and recovery fails.

	LG
	Yes, but
	It would be better to clarify what BH link RLF recovery failure is.  



On the behaviour of a node upon reception of the notification Type 4, for the DC case
18 companies provided comments in Table 12. 
· 3 companies think the behaviour of a node upon reception of the downstream notification should be the same regardless whether the notification comes from a node with or without DC.
· This seems not quite controversial although the other companies do not comment on this particular point.  
· 3 companies think no need to specify any behaviour. 
· 1 company sees no need to pass on the downstream notification. 
· 11 companies consider the cases when the node that receives the notification is itself configured with DC, and support a node that receives a notification sends notification to its downstream node under certain conditions.
· Among the 11 companies there seems to be majority’s view that the node does not send Type 4 notification to downstream node if it only receives notification from one of its parent nodes.
· It seems useful to further clarify what in their views is the intended behaviour if a node receives notification from both of its parent nodes. 
Therefore, the rapporteur suggests to check companies views on the following question for progress. 
Question 10 Which of the following options do you think is agreeable regarding the intended behaviour of a node configured with DC upon reception of the notification Type 4 
· Option 1:No need to specify any behaviour 
· Option 2: The node initiates BH RLF recovery procedure AND sends notification further to its downstream node when it receives Type 4 notification from both parent nodes. 
· Option 3: The node initiates BH RLF recovery procedure when it receives Type 4 notification from both parent nodes, and it only sends notification further to its downstream node when BH RLF recovery fails.  

Table 10A Discussions on Question 10
	Company name
	Answer to Q10
	Comments if any

	AT&T
	Option 1
	Option 2 and Option 3 may both be valid behaviour depending on the scenarios and other further alternatives should not be precluded

	CATT
	Option 3
	The procedure needs to be simple and clear. 
In section 2.2.2, if we take Option 2 for Q4 as working assumption or agreement, it seems option 3 here is reasonable way to progress. 

	Intel
	Option 3
	

	ETRI
	Option 3
	There may be some ambiguity about BH RLF recovery initiation in Option 2. The difference between option 2 and option 3 depends on initiation of BH RLF recovery procedure. (i.e option 2: either of them, option 3: both of them) so we think option 3 is more clearer description than the option 2. 

	OMESH
	Option 1
	

	Lenovo&MotoM
	Option 3
	

	ZTE
	Option 3
	

	Huawei, HiSilicon
	Option 3, but…
	When the node sends notification further to its downstream node is implementation and the condition does not need to be specified.

	Ericsson
	Not clear, as in Question 9
	It is not clear what is meant by receiving notification from both parents. The two parents are not coordinating when to send the notification, and the notifications are sent independently depending on the parents’ BH link status to their parent(s). Thus, as we have commented in Q9, the notifications are dealt with separately. If you receive the notification from MCG, the node tries to recover the MCG by sending the failure information via the SCG, and vice versa. If unfortunately, both links fails, UE will try to do re-establishment and if, and only if, it fails to find an alternate parent, then it sends the notification to all children.
If the packets from some children nodes were mapped only to the MCG and the IAB node has not been provided with the configuration to locally reroute packets from the MCG link to the SCG, then type-4 indication is sent to those affected nodes when/if MCG recovery fails.
If the packets from some children nodes were mapped only to the SCG and the IAB node has not been provided with the configuration to locally reroute packets from the SCG link to the MCG, then type-4 indication is sent to those affected nodes when/if SCG recovery fails (failure here includes the case of SCG being released).


	KDDI
	Not clear
	The condition “when it receives Type 4 notification from both parent nodes” is not clear. 
We think
· MCG BH RLF recovery fails: send notification further to its downstream node
· SCG BH RLF : no need to send notification since the node can use another route (rerouting the packet)

	Samsung 
	Option 3
	Only both links are unable to be used, then the node does “recovery trial”, and if this trial is unsuccessful , further type 4 indication can be sent to its child node.

	NEC
	Option 3
	If only one of the link occurs RLF, it is unnecessary to trigger RLF notification since it still is working. 

	Nokia
	Option 1
	

	ITRI
	Option 3
	

	QC
	Option 3
	It is not necessary to define behaviour for sending Type 4 notification since this has been discussed before.

	LG
	Not clear 
	It needs more clarification on “The node initiates BH RLF recovery procedure when it receives Type 4 notification from both parent nodes”. We think that when DC is configured, if Type 4 notification is received from one parent node, BH link recovery for that BH link where reception of the notification Type 4 can be initiated, while another BH link is normally operated.

	Futurewei
	Option 3
	



Note: The condition “when BH RLF recovery fails”  is based on the assumption that in section 2.2.2 (Q4) a procedure of recovery would be agreeable or at least can serve as working assumption. More specifically, 
· If in Q4 Option 1 is agreeable then re-establishment is initiated when MCG-link fails, or
· If in Q4 Option 2 is agreeable then re-establishment is only initiated when both MCG-link and SCG-link fail.

Besides what has been discussed above, the rapporteur fails to observe majority’s view from Table 12 and Table 13 regarding other intended behaviour for a node that receives a downstream notification, when it is configured with DC. 
Therefore, the rapporteur suggests to check companies views on the following question for progress. 
Question 11 Do you see other behaviour that needs to be specified for a node configured with DC upon reception of downstream notification Type 4?    
Table 11A Discussions on Question 11
	Company name
	Answer to Q11, Yes or No
	Please specify the intended behaviour and reasoning if your answer to Q11 is Yes

	AT&T
	No
	

	CATT
	No
	

	Intel
	No
	

	ETRI
	No
	

	OMESH
	No
	

	Lenovo&MotoM
	No
	

	ZTE
	No
	

	Huawei, HiSilicon
	No
	

	KDDI
	No
	

	Samsung 
	No 
	

	NEC
	No
	

	Nokia 
	No
	

	ITRI
	No
	

	QC
	No
	

	Futurewei
	No
	



---------------------------------------------------end of phase 2, section 2.3.2----------------------------------------------------------
2.3.3 Summary of section 2.3
· Summary of section 2.3.1, BH RLF notification to downstream node(s), non-DC case
On supported notification type(s)
17 companies provided comments to Table 5A, where
· 6 companies support Option 1, and
· 11 companies support Option 2.
Therefore we have the following proposal. 
Proposal 5 When the child IAB-node is not configured with DC, the following is supported for BH RLF notification to downstream
· “Recovery Failure”: Indication that the BH RLF recovery failure occurs. 
FFS on other possible notification type(s).

On the time/condition of sending the notification by the child-IAB node
16 companies provided comments to Table 6A, where
- 	12 companies agree that for non-DC case Type 4 notification is sent by the child-IAB node to downstream node when BH RLF recovery fails, and
- 	4 companies think it is up to implementation, and there is no need to specify such time/condition.
There is a clear majority. Therefore we have the following proposal. 
Proposal 6 When the child IAB-node is not configured with DC, the notification “Recovery Failure” is sent by the child-IAB node to downstream node(s) when BH RLF recovery fails.

On the behaviour of a node upon reception of the notification
17 companies provided comments to Table 7A, where
- 13 companies agree that for non-DC case a node initiates BH RLF recovery procedure when it receives Type 4 downstream notification, and it only sends notification further to its downstream node when BH RLF recovery fails.
- 4 companies agree that a node initiates recovery procedure upon reception of “Type 4” notification, but think the time/condition of sending such notification further to downstream nodes is implementation based. 
- There are also a few companies commented that the node send new notification instead of “forward” notification.
There is a clear majority. Therefore, we can have the following proposal, with a clarification that the node generates and sends the notification instead of forwarding it.
Proposal 7 For an IAB-node not configured with DC, it initiates BH RLF recovery procedure when it receives downstream notification “Recovery Failure”, and if BH RLF recovery fails it generates and sends notification “Recovery Failure” to its downstream node.  

On other possible behaviour when a node receives a downstream notifcaiton 
From comments to Table 8A, no other behaviour needs to be specified for a node upon reception of downstream BH RLF notification. Therefore we have the following Observation 1. 
Observation 1 No need to specify other behaviour (than those in Proposal 7) for a node upon reception of downstream BH RLF notification for non-DC case.

· Summary of section 2.3.2, BH link RLF notification to downstream node(s), DC case
On supported notification type(s)
Observation 2 in phase 2 seems agreeable to all, i.e., we have same downstream notification type(s) for both non-DC and DC cases. Therefore we have the following proposal  
Proposal 8 The same downstream BH link RLF notification type(s) is supported for non-DC and DC cases.  

On the time/condition of sending the notification by the child-IAB node
16 companies provided comments to Table 9A, where
- 	4 companies think it is implementation-based and no need to specify.
-	6 companies agree that for DC case Type 4 notification is sent by the child-IAB node to downstream node when BH RLF recovery fails, and 1 out of them thinks it’s better to clarify further what “BH RLF recovery fails” means.
- 	6 companies think the answer depends on what is “BH RLF recovery fails”. These companies seem to support that the child-IAB node sends Type 4 notification when it detects RLF on both MCG-link and SCG-link and RLF recovery fails on both links.
Therefore it seems useful to further clarify on the condition “when BH RLF recovery fails”.
· In Proposal 2, the procedure of BH RLF detection is addressed for DC case. 
· In Proposal 4, the procedure of BH RLF recovery is addressed for DC case. 
· Therefore the rapporteur’s understanding is that if the child IAB-node detects BH RLF based on Proposal 2 (if agreed), it initiates BH RLF recovery procedure based on Proposal 4 (if agreed).
· The potential ambiguity here is due to the fact for Proposal 4 we do not have a definition of “when BH RLF recovery fails” until that procedure is finalized for UE in a separate Rel-16 WI. However, there seems to be majority’s view that for DC-case whatever definition specified for “when UE’s MCG and SCG failure recovery fails” in the separate Rel-16 WI can be reused for “when BH RLF recovery fails”.
With these clarifications, the rapporteur suggests to check whether the following proposal (updated based on proposed wording by one company in Table 9A) is acceptable to all. 
Proposal 9 For DC case, notification “Recovery Failure” is sent by the child-IAB node to downstream node when BH RLF is detected on both MCG-link and SCG-link and BH RLF recovery fails.

On the behaviour of a node upon reception of the notification
17 companies provided comments to Table 10A, where
-	3 companies support Option 1, i.e., no need to specify any behaviour.
-	11 companies support Option 3, and among the 11 companies
· 1 company thinks the part “The node initiates BH RLF recovery procedure when it receives Type 4 notification from both parent nodes” is OK but when to send notification is based on implementation. 
-	3 other companies think the condition “when it receives Type 4 notification from both parent nodes” is not clear enough. 
Therefore, it seems majority’s support the behaviour in Option 3, with some clarification.
· These notification(s) if any is independently sent by the parent nodes.
· If the IAB-node only receives notification “Recovery Failure” from one parent node, it initiates BH RLF recovery procedure according to Proposal 4 (if agreed), but does not send notification to downstream. 
· If the IAB-node receives notification “Recovery Failure” separately from both parent nodes, and if BH RLF recovery procedure according to Proposal 4 fails, it sends notification to “Recovery Failure” downstream. 
With such clarification, the rapporteur suggests to check if the following proposal is agreeable to all
Proposal 10 For DC case, the IAB-node
· initiates BH RLF recovery procedure if “Recovery Failure” notification is received from parent nodes on MCG-link or SCG-link, and
· generates and sends notification “Recovery Failure” to its downstream node if it receives “Recovery Failure” notification separately from both parent nodes on MCG-link and SCG-link and if BH RLF recovery fails.

On other possible behaviour when a node receives a downstream notifcaiton 
From comments to Table 11A, no other behaviour needs to be specified for a node upon reception of downstream BH RLF notification. Therefore we have the following Observation 2. 
Observation 2 No need to specify other behaviour (than those in Proposal 10) for a node upon reception of downstream BH RLF notification for DC-case.


2.4 BH link RLF notification to upstream node(s)
2.4.1 General
On the need of upstream notification(s)
Firstly, it is noted that the report of MCG- or SCG-link RLF from another “leg” to the IAB-donor is part of BH link RLF recovery procedure (discussed in section 2.2.2), and thus not considered in this section. 
Furthermore, the discussions in section 2.4.1 intend to cover both non-DC (when DC is not configured for the child IAB-node) and DC case (when DC is configured for the child IAB-node).
So far RAN2 has no agreement regarding whether BH link RLF notification to upstream nodes is introduced. 
Companies are invited to share in their comments on the need of upstream notification. 
Table 14 Discussions on the need of BH RLF notification to upstream node(s)
	Company name
	Need or not
	Comments

	CATT
	Yes, it is needed.
	As discussed in [7], we think upstream notification is useful. The parent IAB-node, upon detection of BH RLF, can report this quickly to the upstream nodes and Donor, which facilitates efficient adaptation of scheduling and routing. 

	QC
	No
	Upstream notification would be initiated by the IAB-node DU. There is already a RLF reporting mechanism provided by DU to CU via F1-AP (using UE CONTEXT RELEASE RREQUEST with Cause: RNL Cause = RL Failure-RLC). 

	Intel
	No
	Its unclear what benefit this would have given that, upon RLF, the node is disconnected from the CU (in the non-DC case) or an alternate path is available (in the DC case). 
Moreover, RLF detection is a rather sensitive procedure based on detection of signals at the UE (MT); its not clear how this can be done at the parent unless some form of periodic uplink transmission is assumed.

	KDDI
	
	In the IAB SI, we only focused on downstream notification of BH RLF, and no discussion on this upstream notification. So we prefer to have some study level work to identify its benefit before digging into the detailed solution

	OMESH
	Yes
	We find this useful, especially if a RLF occurs and the child node become isolated and cannot report to CU. And if the recovery itself is unsuccessful, the CU won’t even be able to get any RLF notification.

	Kyocera
	No
	Although it’s nice-to-have, we think the other existing mechanism can be used for the backhaul link failure from the parent/donor perspective, e.g., the periodic measurement reporting, DL flow control and so on. 

	Huawei, HiSilicon
	No
	If the purpose is for flow control, a common flow control mechanism can be used.
If the purpose is to inform CU-CP (updating routing table), the existing MCG-RLF/SCG-RLF report (for DC) or RRC re-establishment can already achieve this purpose.

	LG
	Needed
	It is useful to inform a donor of the BH failure such that the donor can decide to trigger re-routing and/or topological change if needed.  

	Nokia
	It is not needed.
	This would require specification of RLF detection on network side, which is non-obvious. For DC case, such uplink notification will be sent to Donor CU via MCG/SCG failure indication. For non-DC case, the CU will take proper actions once it realizes there is an issue, e.g. it receives RRC Reestablishment request. 

	Lenovo&MotoM
	Yes
	Explicit upstream notification can make CU know RLF earlier. Then, CU can reconfigure the route quickly.

	ZTE
	Needed
	With this indication, the donor CU knows which traffic route may be  unavailable and use other route to transport data. But we agree with QC that there is already a RLF reporting mechanism provided by DU to CU via F1-AP.

	Ericsson
	FFS
	It is FFS if this is really needed, because:
· the parent node that has detected RLF towards a child can not initiate a recovery procedure of the link (this can be done from the child node)
· Current F1-U DDDS already allows the DU to send an RLF notification (called radio link outage in the F1-U specs) to the IAB donor CU.
· We have no issue of DL packet loss due to RLF as in the UL, because the network can keep the PDCP packets until it receives a successful delivery via DDDS from the access IAB node  



	ETRI
	No
	For purpose of notification to CU-CP for routing table update, F1-AP procedure can be used for it. 

	Sharp
	No
	Agree with QC.

	AT&T
	Yes
	We agree that existing F1 signalling can be used to eventually inform the Donor CU of the BH RLF failure, but it cannot be as responsive as an L2 notification to an upstream node, especially in case of a multi-hop deployment.

	ITRI
	Yes
	The child node may not restore the connection when BH link failure. CU needs to be indicated for reaction (e.g., IAB adaptation).

	Futurewei
	No
	Existing procedures (MCG-RLF/SCG-RLF report) can be used to indicate the failure up to the CU so that it may take action. Flow control should prevent buffer overflow at the node who downstream node experiences the RLF.

	Samsung 
	Need 
	In last RAN2 meeting, the following agreement was achieved:
Each BAP address can have one or multiple entries in the routing table to enable local route selection. Multiple entries is for load balancing, re-routing at RLF. For load balancing still FFS what is decided locally and/or decided by the Donor.

The upstream node is responsible for the data transmission to the downstream node. If an IAB node (DU part) encounters RLF (i.e., RLF occurs at the link between such IAB node and its downstream node), its upstream node can take necessary actions after receiving the RLF notification, e.g., stop downlink data transmission to such IAB node in order to avoid the buffer overflow at such IAB node, find another routing path (if any) for the data packet, inform the parent node of such upstream node to find another routing path (if any).       

	NEC
	Yes
	Quite necessary to trigger the routing table update, and to avoid data loss. 




Detection of BH link RLF by the parent node
Furthermore, in the current specification there is no definition in terms of how network detects RLF. 
Companies are invited to share their comments regarding how the parent IAB-node detects BH link RLF. 
Table 15 Discussions on the detection of BH link RLF by the parent IAB-node (e.g., how it detects BH link RLF, and whether it is implementation-based)
	Company name
	Comments

	CATT
	In our view this can be left to implementation. We do not need any specified behaviour regarding how the parent IAB-node detects the BH link RLF.

	QC
	This should be implementation-based.

	Intel
	We do not think a standardized UL RLF detection procedure is needed.

	KDDI
	How network detects RLF should be covered by RAN3. So, we think it’s better to check with RAN3 experts.

	OMESH
	We think this feature will be important for IAB, if RAN3 would the place to discuss, RAN2 shall LS to RAN3. 
In other discussions, there have been opinions that a Child node shall periodically send a report to its parent, e.g, buffer loads etc.. Perhaps this could be a mechanism to detect RLF by parent. 
We however do think the mechanism shall be specified rather than just left to implementation.

	Kyocera
	We assume it’s left up to implementation, e.g., our comment on Table 14. 

	Huawei, HiSilicon
	No such a need to do this.

	LG
	The node should be able to declare BH RLF on its downstream based on max RLC retx criterion
In addition, if the node does not receive any signal from its child node for the defined period of time, it should be able to declare BH RLF on its downstream. 

	Nokia
	We do not think this is needed as the conditions to detect RLF will always be different for UL than for DL and we may get misalignment between parent and child node.  Furthermore, there are already tools allowing the CU to detect the issue with a radio link of IAB MT such as DDDS and Assistance Information in 38.425 and they can serve the same purpose.

	Lenovo&MotoM
	The possible ways to detect the RLF are based on the number of ARQ retransmission or SRS transmitted by child node.

	ZTE
	For non-DC, it is implementation-based.

	Ericsson
	This should be left to implementation

	ETRI
	Implementation issue.

	Sharp
	Implementation issue.

	AT&T
	Agree that this can be left to implementation

	ITRI
	This can be left to implementation.

	Futurewei
	No need to specify this. Should be left to implementation.

	Samsung
	 In TS38.473 (F1AP), some cause values related to RLF have been defined, e.g., 
	RL Failure-RLC
	The action is due to an RL failure caused by exceeding the maximum number of ARQ retransmissions.



	RL Failure-others
	The action is due to an RL failure caused by other radio link failures than exceeding the maximum number of ARQ retransmissions.



In this sense, the DU part of IAB node can detect the RLF. If DU part detects such RLF, it will stop data transmission to its downstream node. After that, its upstream node can be notified such case, and stop sending data to such IAB node or find another routing path. Regarding whether specifying this or not, we think it can be left to the implementation of DU. 


	NEC
	This can be left to implementation.



--------------------------------------------------start of phase 2, section 2.4.1----------------------------------------------------------

On the need of BH RLF notification to upstream node(s)
18 companies provided views in Table 14.
· 8 companies answer that the upstream notification it is needed 
· 1 of them also thinks the existing F1-AP signalling can be used for upstream notification
· among these 8 companies there seems to be a majority’s view that the upstream notification is from DU part of an IAB-node to Donor CU
· based on the comments, the main benefit of upstream notification may include fast and efficient re-routing/ topological change in the case of BH link RLF
· 9 companies answer no, and among them
· 4 companies think the reason is that the existing F1-AP signalling can be used for upstream notification
· 5 companies think existing mechanisms like flow control, RRC re-establish or fast MCG report, etc. can be used to handle the issue, if any.
· 1 companies think upstream notification needs further study before going into details
Therefore, the rapporteur suggests to check companies views on the following question for progress. 
Question 12 Do you think it useful for the IAB-node to send BH link RLF notification to Donor CU?
Table 12A Discussions on Question 12
	Company name
	Answer to Q12, Yes or No
	Please comment if any

	AT&T
	Yes
	This is beneficial to enable faster topology/routing table updates than existing procedures

	CATT
	Yes
	

	Intel
	No. Its not even clear how the detection of UL RLF would be done.
	Furthermore, upstream notifications via F1-AP are available. State mismatch could also be a problem (UL RLF detected, but DL fine, and vice versa).

	ETRI
	No
	

	OMESH
	Yes
	Shared view with AT&T

	Lenovo&MotoM
	Yes
	

	ZTE
	Yes
	With this indication, the donor CU could know which traffic route may be  unavailable and use other route to transport data. 

	Huawei, HiSilicon
	No
	Don’t see a need to define the uplink BH link RLF notification.

	Ericsson
	Yes
	But the detection of the RLF by the parent IAB node is up to implementation. 

	KDDI
	Yes
	

	Samsung 
	Yes, but…
	The legacy F1AP already allows BH link RLF notification to the donor CU. This can help donor CU react to the BH link RLF, e.g., reroute the packet via new path.
However, this is not enough. Before donor CU receives this BH link RLF notification, the upstream nodes of the IAB-node with BH link RLF will continue the data transmission towards it. Those data transmission may not be necessary since the BH link with RLF cannot forward them anymore. So, one of main intentions for upstream RLF notification is to tell the upstream nodes (not just donor CU) the occurrence of BH link RLF and then adjust the data transmission (e.g., stop data transmission, reroute the packets impacted by the RLF) before donor CU deals with this RLF. 

	NEC
	Yes
	

	Nokia
	No new IAB specific signalling is needed
	There is already now, e.g., DDDS to use.

	ITRI
	Yes
	CU can reaction (e.g., CU may determine an IAB adaptation is necessary) based on receiving of the RLF notification.

	QC
	No
	We don’t understand why the existing F1-AP-based method wouldn’t be enough.

	LG
	Yes
	

	Futurewei
	Yes
	


And, if the companies answer Yes to Q12, they are further invited to answer the following question. 
Question 13 Do you think the existing F1-AP signalling is sufficient for such notification if your answer to Q12 is Yes?
Table 13A Discussions on Question 13
	Company name
	Answer to Q13, Yes or No
	Please comment if any

	AT&T
	No
	L2 signalling (e.g. BAP-layer) can enable the parent nodes to take the BH link RLF into account by utilizing configured redundant routes as opposed to waiting for the Donor CU to take action.

	CATT
	No
	We agree with AT&T. We think it useful for the parent node to pass this notification further to its upstream node. It might also provide more information to its parent node to optimize scheduling decisions. 
On the other hand, if the upstream is only to Donor CU, then F1-AP signalling is used.

	Intel
	Yes
	

	ETRI
	Yes
	

	OMESH
	Yes/No
	Notification to the CU can use F1-AP – sufficient.
The question is how the parent detect the link status, and use the information for routing etc. as pointed out by AT&T and CATT.

	Lenovo&MotoM
	No
	Agree with AT&T.

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Ericsson
	Yes, but
	Yes, the F1-AP Error Indication message is sufficient to communicate this information directly to the CU. Whether there is a merit to also inform parent nodes can be discussed further. 

	KDDI
	Yes
	Same view as Ericsson.

	Samsung 
	No
	The main intention of upstream RLF notification is to adjust the DL data transmission towards the BH link with RLF. Such adjustment is not only at the donor CU, but also at other upstream nodes between the BH link with RLF and donor CU. If the adjustment is performed only after the donor CU receives the upstream RLF notification, the upstream nodes (except donor CU) will continue the data transmission before donor CU react. This is not a good behaviour since the data transmitted by those upstream nodes may need retransmission after donor CU’s adjustment.  A better way is to inform the upstream nodes about the BH link RLF so that those nodes can adjust its DL data transmission toward this problematic BH link, e.g., stop scheduling, make local decision to re-route the packets.
Thus, it is beneficial to let each upstream node being aware of the BH link RLF.  Moreover, to help the upstream node make adjustment of data transmission, we can consider to inform them the “unreachable node” because of BH link RLF. 

	NEC
	No 
	The intermediate node shall be aware of the RLF. F1-AP message is transparently transferred to IAB donor. So we need new BAP message for RLF notification. 

	Nokia
	Yes
	See previous question.

	ITRI
	Yes
	

	QC
	Yes
	While the idea of a local message to the parent is intriguing it is not clear what this parent could do to improve on the situation. Let’s not mix up upstream RLF notification with hop-by-hop flow control due to buffer overflow (which might also happen due to downstream RLF). 

	LG
	Yes
	The F1-AP message with new error cause, e.g., BH link RLF, is sufficient to inform the CU of BH RLF problem at the intermediate IAB node. We also think that this discussion should not be mixed up with hop-by-hop flow control issue. 

	Futurewei
	Yes
	



On how the parent IAB-node detects the BH link RLF
18 companies provided comments to Table 15. 
· 14 companies think this is left to implementation (while two of them describe a few possible examples of such implementation)
· 1 company thinks this is for RAN3 to discuss
· 1 company thinks we need to specify the detection procedure
· 2 companies think there is no need for such detection by the parent IAB-node
Therefore, the rapporteur suggests to make the following observation. 
Observation 3 It is the majority’s view that BH RLF detection by the parent IAB-node, if needed,  is based on implementation (i.e., no need for a specified detection procedure).

OMESH: we won’t agree Observation 3. If the parent and child IAB nodes are from different vendors, signalling for fast detecting the BH RLF from the parent’s view may need to be specified.

 
---------------------------------------------------end of phase 2, section 2.4.1----------------------------------------------------------


2.4.2 Non-DC case
On possible notification types
Companies are invited to share their comments on the possible upstream notification types, for the non-DC case.
Table 16 Discussions on possible notification types (upstream, non-DC)
	Company name
	Type name and description, please specify each of them if more than one types preferred

	CATT
	Again, we prefer a simple design for the notification, i.e., a plain indication similar as Type 1 for downstream seems sufficient. 

	QC
	Again, there is already a notification via F1-AP. Upon reception of this notification, the CU can reroute all traffic to alternative routes for IAB-nodes below the RLF. This is implementation based.

	Intel
	If some form of failure notification is available in the F1-AP, that can be reused. Given that the procedure for detecting such RLF does not exist, we do not see the need to add additional notificatins.

	KDDI
	Please find our comment for table 15.

	[bookmark: _Hlk14973770]OMESH
	Share the views of CATT, but we think the parent only needs to notify the CU in upstream.

	Kyocera
	Same comment with Table 15. 

	Huawei, HiSilicon
	No such a need to do this.

	Nokia
	No need for anything new.

	Lenovo&MotoM
	The notification of RLF indication can be transmitted to CU. Then, CU can reconfigure the route for all traffic.
For UE CONTEXT MODIFICATION REQUIRED including the cause of RL failure, the purpose of this information is used to modify the UE context. The information of DRB ID, SRB ID and TNL information is mandatory. However, our purpose is just to indicate link failure. So, if this message is reused to indicate RLF, it needs to be modified.

	ZTE
	In current specification, the DL DATA DELIVERY STATUS frame which is sent to the donor CU may include an indication of detected radio link outage or radio link resume for the concerned data radio bearer. We think this  message can be reused.

	Ericsson
	As we mentioned in Table 14, we are not sure if this UL notification is needed. Even if we agree to have that, it doesn’t make sense to have the same type 1-4 as in the DL notification because the parent node will not try to recover the link of the child.

	ETRI
	Share the view of QC. 

	Sharp
	Same view with QC.

	AT&T
	Basically agree with Ericsson. Types 2-3 may not be needed for upstream nodes, and only a Type 4-like notification may be needed.

	ITRI
	We prefer a notification from the parent node to CU via F1-AP.

	Futurewei
	No need to introduce any new notifications or new procedures.

	Samsung 
	 At least,  Type 1- “Plain” notification is needed: This notification can help its upstream node stop sending data packets, and find another routing path for the data transmission
In addition, when sending Type 1 notification, the IAB node can inform its upstream node “un-reachable node” due to the RLF. Such information can help the receiving node to find another routing path to such “un-reachable node”. For example, as shown in the following figure, IAB node 2 detects the RLF over the link to IAB node 4:
· At IAB node 2, the routing table contains entries where the destination nodes can be IAB nodes 4~7. Due to the RLF, IAB node 2 can realize another path towards IAB node 7 via IAB node 5. So, IAB node 2 can forward data packets destining to IAB node 7 via IAB node 5. However, IAB node 2 cannot find another path towards IAB node 4 and IAB node 6. In this sense, IAB node 2 will send RLF indication to Donor DU with “unreachable node” of IAB node 4 and IAB node 6 
· At Donor DU, the routing table contains entries where destination nodes can be IAB nodes 1~7. After receiving RLF indication from IAB node 2, Donor DU can realize another routing path towards IAB node 6, i.e., Donor DU  IAB node 1  IAB node 3  IAB node 6. So, it can send data destining IAB node 6 via such path. However, there is no additional path to IAB node 4. So, donor DU sends RLF indication to Donor CU with “unreachable node” of IAB node 4
The above example indicates that, by including “unreachable node”, the upstream node can select the additional path for data transmission. 



	NEC
	The same type of message of type 1 is preferred. 



Design aspects of the upstream notification
Companies are invited to share comments on the design aspects of the different types.
Table 17 Discussions on the design aspects of the possible notification types (upstream, non-DC)
	Company name
	When does the parent IAB-node send a notification (please specify each of them if more than one types preferred)
	Intended behaviour when a node receives a notification (please specify each of them if more than one types preferred)

	CATT
	Once the parent IAB-node detects that RLF happens between itself and its child IAB-node, it sends the notification to its upstream node. 
	First of all, similar as for the downstream notification we do not see a need for specified behaviour other than passing the message on when a node receives upstream notification. 
Then, we prefer that a node immediately forwards the notification to its upstream node, upon reception of such notification from its downstream node. As we explained in [7], this helps faster routing adaption, which is under control of the Donor.

	QC
	Not necessary since this already exists.
	

	Intel
	See response in table 16.
	

	KDDI
	Please find our comment for table 15.
	

	OMESH
	Share the views of CATT, but we think the parent only needs to notify the CU in upstream.
	

	Kyocera
	Same comment with Table 15. 
	

	Nokia
	This should not be specified, current tools are sufficient.
	

	Lenovo&MotoM
	See response for table 16.
	

	ZTE
	It is up to implementation.
	

	Ericsson
	See comment to Table 16.
	

	ETRI 
	No need to design.
	

	Sharp
	No need.
	

	AT&T
	Up to implementation 
	

	ITRI
	Same view with OMESH.
	

	Futurewei
	Please see comment in Table 16 above
	

	Samsung 
	 When the DU part of IAB node detects the RLF, it can send such indication to its upstream node. 
	The intended behaviour of the receiving node can be “stop data transmission to such node”, and find another routing path (if any) to certain destination node

	NEC
	It is up to implementation.
	



--------------------------------------------------start of phase 2, section 2.4.2----------------------------------------------------------
It is the rapporteur’s suggestion that we first try to reach some conclusions in phase 2 of section 2.4.1, before going into any detailed discussions in design aspects of upstream notification.
---------------------------------------------------end of phase 2, section 2.4.2----------------------------------------------------------


2.4.3 DC case
It may need further discussions whether the parent IAB-node would have different behaviour regarding upstream notification when the child IAB-node is configured with DC or not.
Therefore, companies are invited to share their comments, if they see additional/different upstream notification types than those proposed in section 2.4.2. 
Table 18 Discussions on additional/different notification types (upstream, DC)
	Company name
	Type name
	Description of the type

	Ericsson
	
	As mentioned above, we are not sure if UL notifications are needed. Even if we end up having that, a node that has detected an RLF to a child node (via implementation) doesn’t necessarily know whether that child node has multi-connectivity via another node.  Thus, no need to discuss DC vs non-DC for the UL case.

	AT&T
	
	The behaviour could be different in non-DC and DC cases, and even EN-DC vs. NR-DC, but the specific behaviour should be left to implementation.

	Samsung 
	Other link RLF notification
	Notify the RLF happening at the other link



Again, companies are invited to share their comments if they see any additional/different design aspects of the preferred upstream notification types than those proposed in section 2.4.2. 
Table 19 Discussions on additional/different design aspects of the possible notification types (upstream, DC)
	Company name
	Comments

	CATT
	We think the behaviour of the parent IAB-node and upstream nodes does not differ much when the child IAB-node is configured with or without DC. So we can consider reuse whatever concluded from section 2.4.2 here.

	QC
	The existing F1-AP notification method applies to RLF of single and dual connected MTs. Nothing else is needed.

	Intel
	Its unclear what the upstream notification has to do with DC. Suppose node 1 is dual connected to parents node 2 and node 3. If the node 2-1 link fails, from the perspective of node 2, this is the same as the non-DC scenario above. From the perspective of node 1, there is an alternate link available, so the upstream notification is not relevant.

	KDDI
	Please find our comment for table 15.

	OMESH
	Same as previous comments. The notification only needs to be sent to the CU, and let CU to take configurations.

	Kyocera
	Same comment with Table 14. 

	Nokia
	No need to specify upstream notifications, but we agree with CATT there would be no difference.

	ZTE
	Since the report of MCG or SCG link RLF from another “leg” to the IAB-donor is part of BH link RLF recovery procedure, there is no need for the parent IAB-node to send RLF notification when the child IAB-node is configured with DC.

	Ericsson
	See comment to Table 18.

	ITRI
	The notification should be a RLF indication to CU. We don’t see the different between DC and non-DC cases.

	Futurewei
	No need to introduce any new notifications or new procedures




--------------------------------------------------start of phase 2, section 2.4.3----------------------------------------------------------
It is the rapporteur’s suggestion that we first try to reach some conclusions in phase 2 of section 2.4.1, before going into any detailed discussions in design aspects of upstream notification.
---------------------------------------------------end of phase 2, section 2.4.3----------------------------------------------------------

2.4.3 Summary of section 2.4
· Summary of section 2.4.1, General aspects of BH link RLF notification to upstream node(s)
Based on comments to Table 12A, there is clear majority’s view that it useful for the IAB-node to send BH link RLF notification to Donor CU. Based on comments to Table 13A, 10 companies think the existing F1-AP signalling is sufficient for such notification. 5 companies think it is insufficient, as they think letting intermediate upstream IAB nodes know about BH RLF is beneficial. 
So it is rapporteur’s observation that we can conclude that the notification to Donor CU is supported and it is sufficient to use F1-AP signalling for such notification. But it cannot be concluded from the discussions whether we need other upstream notification than this. Therefore, the following proposal is made. 
Proposal 11  Upstream BH RLF notification to Donor CU via F1-AP signalling is supported. FFS on the need of other type(s) of upstream BH RLF notification.
And, only 1 company does not agree with Observation 3. So it is rapporteur’s suggestion to have a proposal based on Observation 3. 
Proposal 12 BH RLF detection by the parent IAB-node, if needed, is based on implementation (i.e., no need for a specified detection procedure).


2.5 Other aspects (Issues not covered by the previous sections)
2.5.1 In which layer should the BH link RLF notification(s) be sent
Furthermore, there have been company proposals regarding in which layer (e.g., MAC, RRC or BAP, etc.) should such notification(s) be sent. 
Companies are invited to share their comments on this aspect. 
Table 20 Discussions on the protocol layer used for sending BH link RLF notification(s)
	Company name
	Comments

	CATT
	As the notification of backhaul link RLF is limited to IAB-nodes and Donor, it seems reasonable to put it in the newly defined BAP layer.

	QC
	The notification should use the MAC layer so that it can also be sent to Rel-16+ UEs. This is not possible for BAP layer messages.

	Intel
	MAC or BAP. A MAC layer message can be carried to the UE. If the BAP layer is used, it notifications will have to terminate at the access IAB node, which then has to notify the Ues using other means.

	KDDI
	Agree with QC view.

	OMESH
	MAC or BAP

	Kyocera
	MAC layer is preferable, since RRC layer is in IAB donor (i.e., CU) and BAP layer is not expected even in Rel-16 Ues (e.g., we assume BH RLF notification can be reused for barring from RRC Request or cell reselection). 

	Huawei, HiSilicon
	Support MAC based solution, given that normal Ues don’t support BAP layer. 
RRC is not a feasible option, as CU-CP is not reachable.

	LG
	BH RLF notification is carried by BAP control PDU. Since RLF notification may incur a topological change/re-routing, more robust transmission mechanism than PHY/MAC ignalling would be beneficial.

	Nokia
	It should be put in SIB1, which has the following benefits over other options:
· No need to additionally include IAB node’s ID in the message as the child nodes may treat failed cells as barred
· The indication is broadcast, so it may be indicated to all child nodes simultaneously
Please note that SIB1 is encoded by DU, so lack of connectivity to a Donor is not an issue.

	Lenovo&MotoM
	MAC or BAP. 

	ZTE
	To our understanding, the gND-CU is responsible for  encoding of RRC messages. If the IAB node happens RLF and has no redundant link, it loses the connection with the donor CU. So it cannot send RRC message which include the RLF indication of IAB node to the child IAB-node. Based on this observation, the RLF indication information can only be carried in MAC CE or BAP layer and sent from IAB node to child IAB node directly.

	Ericsson
	A BAP control PDU should be used to carry BH RLF notifications.

	Sharp
	MAC. Agree with QC.

	AT&T
	Agree with Ericsson. The MAC layer will not be aware of whether there are additional downstream or upstream nodes and would likely anyway need to pass the notifications to the BAP layer. Since this is an IAB-specific feature we do not see the need for commonality with Ues.

	ITRI
	Share the same view with QC.

	Futurewei
	Generally agree with QC that MAC would be preferable if we expect Rel.16+ Ues to also support handling of downstream BH RLF notification.
If only IAB nodes need to support handling of the notification, than a BAP based solution can also work.

	Samsung 
	For downstream notification, MAC or RRC (especially SIB1 since other RRC msg cannot be made at the failed node which doesn’t have peer RRC.)
For upstream notification, BAP layer or F1AP can be used 

	NEC
	BAP layer message is preferred. 




--------------------------------------------------start of phase 2, section 2.5.1----------------------------------------------------------
17 companies provided comments to Table 20, regarding in which layer the BH link RLF notification(s) is sent. The main camps seem to be
· BAP: 			4
· MAC:			6
· BAP or MAC:	5
Therefore it seems possible to make a down-selection between BAP and MAC. The rapporteur suggests to check companies views on the following question for progress. 
Question 14 Which of the following options do you think is acceptable for BH link RLF notification transmission
Option 1:	in MAC layer
Option 2: in BAP layer

Table 14A Discussions on Question 14
	Company name
	Answer to Q14
	Comments if any

	AT&T
	Option 2
	The MAC layer will not be aware of whether there are additional downstream or upstream nodes and would likely anyway need to pass the notifications to the BAP layer. Since this is an IAB-specific feature we do not see the need for commonality with Ues.

	CATT
	Option 2
	As commented we think these signalling is btw IAB nodes so it seems BAP layer is adequate. 

	Intel
	Option 2
	

	ETRI
	Option 2
	

	OMESH
	Option 2
	

	Lenovo&MotoM
	Both
	

	ZTE
	Option 2
	

	Huawei, HiSilicon
	Option 1
	

	Ericsson
	Option2
	

	KDDI
	Option2
	

	Samsung 
	Option 1
	For the end UE, MAC layer seems reasonable. However, if we using SIB1 then UEs as well as downstream IAB node can be notified in one shot. If UE is not notified about this failure, then what happens to the UE ? 

	NEC
	Option 2
	

	Nokia
	Other
	SIB signalling is preferred over BAP or MAC layer to broadcast such information. However, out of the options listed, Option 2 seems more reasonable.

	ITRI
	Option 1
	

	QC
	Option 1
	We’d like to see this feature extended to UEs in the future. SIB would do this but SIB should be sent by the CU.

	LG
	Option 2
	

	Futurewei
	Option 1                           
	



---------------------------------------------------end of phase 2, section 2.5.1----------------------------------------------------------


2.5.2 Other open issues related to BH link RLF if any
Companies are invited to share their comments on other open issues, if not covered by the previous discussions.
Table 21 Discussions on other open issues
	Company name
	Description of the issue(s)
	Comments if any

	QC
	We need to look at the propagation of notification messages in redundant topologies. 
Rule: Notification should only be sent only if on all parent links either RLF is observed or notification received. 
	[image: ]

	Nokia
	We think the rule when to send a notification should be based on implementation, e.g. if a parent has multiple child nodes and one of them fails, it might not be able to serve all the traffic via the second route and it may already want to notify at least some of its child nodes about the failure.
	

	Samsung 
	Adoption of NR-DC basic principle regarding failure handling
	As commented in the earlier, dual link agreed in IAB NR-DC type seems to be different with rel-15 NR-DC specification made for UE. This first should be discussed, and then we can determine to adopt the existing RRC spec as much as possible. We already try to reuse those specification without justification to reuse that.  




--------------------------------------------------start of phase 2, section 2.5.2----------------------------------------------------------

Regarding other possible issues, it seems the comments in Table 21 are mentioned or covered already in the previous sections. Therefore it is the rapporteur’s suggestion that we do not have separate discussions or summary in phase 2 for section 2.5.2.

---------------------------------------------------end of phase 2, section 2.5.2----------------------------------------------------------
2.5.3 Summary of section 2.5
· Summary of section 2.5.1, in which layer should the BH link RLF notification(s) be sent
Based on comments to Table 14A, 10 companies think Option 2 is acceptable, 5 companies think Option 1 is acceptable, and 1 company think both are OK. For the companies that support Option 1, the main motivation is to extend IAB feature to UEs in the future. 
There seems to be clear majority. We therefore have the following proposal. 
Proposal 13 BAP layer is used to transmit BH RLF notification(s).

3	Summary
Based on the discussions in section 2, we can make the following observations and proposals for RAN2’s further discussions.
Detection of BH RLF by the child IAB node, non-DC case
Proposal 1 When the child IAB-node is not configured with DC, it applies for BH RLF detection the same criteria as UE’s RLF detection specified in TS 38.331.

Detection of BH RLF by the child IAB node, DC case
Proposal 2 When DC is configured for the child IAB-node, 
-	2.1 RLF is detected separately for the MCG-link and for the SCG-link, and
-	2.2 existing UE procedures are used for MCG-link and SCG-link failure detection.

Recovery from BH RLF by the child-IAB node, non-DC case
Proposal 3 When the child IAB-node is not configured with DC, it applies for BH RLF recovery the same procedure as UE’s RLF recovery as specified in TS 38.331. FFS on need of modifications/additional enhancements.

Recovery from BH RLF by the child-IAB node, DC case
Proposal 4 The following is agreed as working assumption:
BH RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16.

BH RLF notification to downstream node(s), non-DC case
	Supported notification type(s)
	Proposal 5 When the child IAB-node is not configured with DC, the following is supported for BH RLF notification to downstream
· “Recovery Failure”: Indication that the BH RLF recovery failure occurs. 
FFS on other possible notification type(s).

	Time/condition of sending the notification by the child-IAB node
	Proposal 6 When the child IAB-node is not configured with DC, the notification “Recovery Failure” is sent by the child-IAB node to downstream node(s) when BH RLF recovery fails.

	Behaviour of a node upon reception of the notification

	Proposal 7 For an IAB-node not configured with DC, it initiates BH RLF recovery procedure when it receives downstream notification “Recovery Failure”, and if BH RLF recovery fails it generates and sends notification “Recovery failure” to its downstream node.  
Observation 1 No need to specify other behaviour (than those in Proposal 7) for a node upon reception of downstream BH RLF notification for non-DC case.



BH RLF notification to downstream node(s), DC case
	Supported notification type(s)
	Proposal 8 The same downstream BH RLF notification type(s) is supported for non-DC and DC cases.  

	Time/condition of sending the notification by the child-IAB node
	Proposal 9 For DC case, notification “Recovery Failure” is sent by the child-IAB node to downstream node when BH RLF is detected on both MCG-link and SCG-link and BH RLF recovery fails.

	Behaviour of a node upon reception of the notification

	Proposal 10 For DC case, the IAB-node
· initiates BH RLF recovery procedure if “Recovery Failure” notification is received from parent nodes on MCG-link or SCG-link, and
· generates and sends notification “Recovery Failure” to its downstream node if it receives “Recovery Failure” notification separately from both parent nodes on MCG-link and SCG-link and if BH RLF recovery fails.
Observation 2 No need to specify other behaviour (than those in Proposal 10) for a node upon reception of downstream BH RLF notification for DC case.



General aspects of BH RLF notification to upstream node(s), non-DC and DC cases
Proposal 11 Upstream BH RLF notification to Donor CU via F1-AP signalling is supported. FFS on the need of other type(s) of upstream BH RLF notification.

Proposal 12 BH RLF detection by the parent IAB-node, if needed, is based on implementation (i.e., no need for a specified detection procedure).

Protocol layer used to transmit the BH RLF notification(s) 
Proposal 13 BAP layer is used to transmit BH RLF notification(s).
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