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1 Introduction

There were quite a number of contributions on HARQ to RAN2#106 meeting. An overview of HARQ options for NTN was presented and discussed in [1]. Eventually, it was decided at RAN2#106 to have an email discussion to progress on HARQ mechanisms for NTN with the target to capture the agreements in a text proposal.  

Based on a review of all NTN HARQ documents in RAN2#106, this email discussion would like to confirm some common assumptions and questions on some preferred criteria and options on how to enable and disable HARQ feedback.  

2 Status of HARQ for NTN

RAN2#104 started some first discussion on HARQ and agreed the following: 
Agreements:

-
Both options (enhancing HARQ and disabling HARQ) will be studied.  

During RAN2#105 meeting, HARQ for NTN was discussed and following agreements were made:

	Agreements:
1. Retransmissions at one or several layers shall be supported for NTN and configurable by the network.

2. The network should be able to configure the UE, mentioning whether HARQ is “turned off”.  There is no feedback for transmission if HARQ is turned off. FFS the impact on other procedures and how to configure.


Following agreements were made during RAN2#106 meeting:

Agreements 

1. If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  

2. Even if HARQ feedback is disabled, the HARQ processes are still configured. 

3. Enabling / disabling of HARQ feedback is a network decision. 

Additionally, RAN2#106 decided to have an email discussion on HARQ as follows: 

[106#71][NR/NTN] HARQ (Nomor)

- 
Discuss criteria for enabling/disabling of HARQ feedback and how it is done.

Intended outcome:  TP capturing agreements from RAN2#106 and solutions discussed in email discussion  

Deadline:  June 28, 2019

The status can therefore be summarizing, that it was agreed that for NTN the network configures the HARQ processes whereas the HARQ feedback can enabled or disabled. When enabled, HARQ feedback will be sent, when disabled HARQ feedback will not be sent in uplink. 

RAN2 should continue to study on how HARQ enabling / disabling will be configured, the procedures and criteria thereof. RAN1, on the other side, studies to enhance HARQ to work over NTN, if enabled, or to make transmission more reliable, if disabled. 

3 Discussion 

3.1 Scheduling of multiple transmissions of the same TB 

During the discussion at RAN2#106 the meaning of “blind (re)transmissions” was questioned and it was decided to discuss this in the email discussion. In our view this refers to the NR Rel.15 behaviour that allows to transmit multiple transmission of the same transport block without waiting for HARQ feedback. Some background should be provided in the following. Due to the confusion we will avoid the term “blind (re)transmissions” in the following. 

It is obvious that, disabling HARQ feedback will increase the residual Block Error Rate after HARQ since retransmissions based on HARQ feedback are not possible anymore. For robustness and to minimize the need of RLC AM retransmission, the target BLER of the first transmission should be reduced. Preferably, this should be done by reusing existing Rel.15 NR functionality. 

Example functionality in the scope of RAN1 are the selection of more conservative Modulation Coding Schemes, the use of a different MCS table, the use of higher power etc. The transmission of a transport block in a bundle has been specified in the RAN2 MAC specification and can be configured by a higher aggregation factor. Furthermore, it is up to the gNB scheduler implementation, if the same transport block is sent multiple times (same process without toggling the NDI) to increase the robustness of a packet e.g. in case a bundled transmission is not possible. Some companies seem to refer to this method as “blind” (re)transmission because the same transport block is sent multiple times without any HARQ feedback. 

While NR Rel.15 is anyway the baseline to support NTN and the use of these functions are implementation specific and will thus not be mandated, we still would like to confirm if that the functions are considered to be useful in case HARQ feedback is disabled for NTN. Detailed evaluation may later be done by RAN1 system level simulations to quantify the gain and benefit if any. 

Proposal 1: Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss. 


	Company
	Yes
	
	No
	If no, please explain your proposal. Other comments?

	Nomor 
	Yes
	
	-
	NR Rel.15 behaviour should not be changed 

	Spreadtrum
	Yes
	
	
	

	LG
	Yes
	
	
	

	ZTE
	Yes
	
	
	From RAN2’s perspective, we agree that R15 behavior can be a baseline, but it’s RAN1’s decision whether enhancement is needed.

	CATT
	Yes
	
	
	

	OPPO
	Yes
	
	
	

	Vodafone 
	Yes
	
	
	Multiple Transmission is fine, the question is how many duplicate of the TB should we send up

	ITRI
	Yes
	
	
	

	MediaTek
	Yes
	
	
	We agree with ZTE that NR Rel. 15 behavior already mentions this. But, it should be RAN1’s decision whether this mechanism will be useful or some further enhancements are needed for lowering the residual BLER, particularly in case HARQ feedback is disabled.

	Panasonic
	Yes
	
	
	

	Huawei, HiSilicon
	Yes
	
	
	

	Nokia
	Yes
	
	
	It’s up to RAN1 to decide the number of transmissions of a TB within a bundle based on link budget analysis, thus the enhancement to the AggregationFactor may be needed.

FFS for other new proposal (except proposal1 and proposal3) which could be better tailored to NTN.

	KT
	Yes
	
	
	

	Thales
	Yes
	
	
	Agree with Nomor, Rel 15 should not be changed, RAN1 to decide if enhancements are needed.

	Ericsson
	Yes
	
	
	From RAN2 perspective should be possible, but any more details are up to RAN1. 

	ETRI
	Yes
	
	
	RAN2 could use it as a baseline, but the details are up to RAN1.

	Sony
	Yes
	
	
	

	InterDigital
	Yes
	
	
	

	SUMMARY
	Yes: 18
	No: 0
	
	


Conclusion proposal 1: 

18 companies agree to the suggested proposal 1. There are not objections. 
It is proposed to RAN2 to agree on proposal 1. Several companies commented that RAN1 may study if enhancements of the scheme are required. For clarity, a sentence is added that proposal does not restrict RAN1 to study enhancements. 
Also, for the receiver side, we would like to confirm the understanding that there can be soft combining of the multiple transmissions of the same TB. 

Proposal 2: Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver.  


	Company
	Yes
	No
	If no, please explain your proposal. Other comments?

	Nomor 
	Yes
	-
	NR Rel.15 behaviour should not be changed 

	Spreadtrum
	Yes
	
	

	LG
	Yes
	
	

	ZTE
	Yes
	
	Please refer to comments in proposal 1.

	CATT
	Yes
	
	

	OPPO
	Yes
	
	

	Vodafone 
	Yes
	
	

	ITRI
	Yes
	
	

	MediaTek
	Yes
	
	Please refer to our comment on Proposal 1.


	Panasonic
	Yes
	
	

	Huawei, HiSilicon
	Yes
	
	

	Nokia
	Yes
	
	

	KT
	Yes
	
	

	Thales
	Yes
	
	Please refer to our comment in Proposal 1.

	Ericsson
	Yes
	
	

	ETRI
	Yes
	
	

	Sony
	Yes
	
	

	InterDigital
	Yes
	
	

	SUMMARY
	Yes: 10
	No: 0
	


Conclusion proposal 2: 

18 companies agree to the suggested proposal 2. There are not objections. 

It is proposed to RAN2 to agree on proposal 2. 

The same behaviour should be confirmed for multiple transmissions that are scheduled by the MAC scheduler and are not necessarily sent in a bundle. Multiple transmissions in this case means there will be multiple resource allocations of the same HARQ process ID without the NDI being toggled. 

Suggested Proposal 3: Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. 


	Company
	Yes
	No
	If no, please explain your proposal. Other comments?

	Nomor 
	Yes
	-
	NR Rel.15 behaviour should not be changed

	Spreadtrum
	Yes
	
	

	LG
	Yes
	
	

	ZTE
	Yes
	
	Please refer to comments in proposal 1.

	CATT
	Yes
	
	

	OPPO
	Yes for UL
	No for DL
	For DL, in Rel-15, the re-transmission assignment has to be scheduled after HARQ feedback, i.e., the RTT restriction cannot be avoided anyway.

The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process.

For UL, in Rel-15, the re-transmission grant can be delivered after last PUSCH transmission.

The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.

	Vodafone
	Yes
	
	[ the question is how many TB multiple should we send?] 

	ITRI
	Yes
	
	

	MediaTek
	Yes
	
	Please refer to our comments in Proposal 1.

	Panasonic
	Yes
	
	

	Huawei, HiSilicon
	Yes for UL
	No for DL
	If we want to support the DL case, at least the text mentioned by OPPO in TS38.214 need to be revised. We need to remove the restriction in case HARQ feedback is disabled.

	Nokia
	Yes
	
	

	KT
	Yes
	
	

	Thales
	Yes
	
	Please refer to our comment in Proposal 1.

	Ericsson
	Yes
	
	Some changes for DL and UL might be required, but that is up to RAN1, given that they decide that this is needed.

	ETRI
	Yes
	
	

	Sony
	Yes
	
	

	InterDigital
	Yes
	
	

	SUMMARY
	Yes: 16
	No*: 2
	


Conclusion proposal 3: 

16 companies agree to the suggested proposal 3. Note*: 2 companies agree to proposal 3, but for DL only whereas they do not agree on the uplink. According to the comments from Oppo and Huawei minor change to TS38.214 will be required to allow this behaviour in the DL. The disabling of HARQ ACK/NAK, as agreed, may anyway require a modification of TS38.214.
It is proposed to RAN2 to agree on a slightly modified proposal 3 to consider comments of ZTE and Huawei. 

New Proposal 3: Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.
Once again, also for the receiver side, we would like to confirm the understanding that there can be soft combining of the multiple transmissions of the same TB. 


Proposal 4: Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  


	Company
	Yes
	No
	If no, please explain your proposal. Other comments?

	Nomor 
	Yes
	-
	NR Rel.15 behaviour should not be changed 

	Spreadtrum
	Yes
	
	

	LG
	Yes
	
	

	ZTE
	Yes
	
	Please refer to comments in proposal 1.

	CATT
	Yes
	
	

	OPPO
	Yes for UL
	No for DL
	As replied to P3, although soft combination can be done, RTT restriction cannot be avoided for Rel-15 UE for DL.

	Vodafone 
	Yes
	
	

	ITRI
	Yes
	
	

	MediaTek
	Yes
	
	Please refer to our comments in Proposal 1.

	Panasonic
	Yes
	
	It should be noted that in comparison to proposal 2, this proposal would require certain amount of soft buffer for soft-combining as the on-going HARQ process could be interrupted in between by other HARQ process.

	Huawei, HiSilicon
	Yes
	
	

	Nokia
	Yes
	
	

	KT
	Yes
	
	

	Ericsson
	Yes
	
	See response to proposal 3. 

	ETRI
	Yes
	
	

	Sony
	Yes
	
	

	InterDigital
	Yes
	
	

	SUMMARY 
	Yes: 16
	No: 1*
	


Conclusion proposal 4: 

16 companies agree to the suggested proposal 4. Note* 1 company agrees to proposal 4, but for DL only whereas it does not agree on the uplink. 

It is proposed to RAN2 to agree on proposal 4 (considering the comment of OPPO was considered in proposal 3). 
3.2 Decision of enabling / disabling uplink HARQ feedback 

At RAN2#106 it was decided that enabling / disabling HARQ is a network decision and criteria will therefore not be specified in detail. However, a study item should also provide some guidance on how an NTN system could be configured or operated even if the detailed behaviour will not be specified. Therefore, feedback on the different proposed criteria should be collected. 

The following criteria for enabling / disabling HARQ feedback have been mentioned in contributions: 
· UE capabilities e.g. maximum HARQ soft buffer size 

· Round trip time e.g. disable in case of GEO satellite systems and enable in case of LEO satellite systems

· Service requirements in terms of throughput e.g. enable for low rate service with small and infrequent packets and disable for high rate eMBB services 

· Service requirements in terms of reliability e.g. enable for high reliability and disable for low reliability 

· Some RRC messages may still support HARQ 

· Certain RRC procedures such as initial attach messages may still support HARQ feedback 

Please refer to the respective company contributions in case you need more information about the suggested criteria. See section 5 for references. 

Once again for clarity concerning the following question; these criteria for decision making are not intended for standardisation in the future normative specification, but as informative examples in the TR of the NTN study item. 

Question 1: Which of the following criteria might be considered by the network for enabling / disabling of HARQ feedback?
 

	Company
	UE capabilities
	RTT or LEO/ GEO
	Service req.  throughput
	Service req.  latency
	DRB or SRB 
	Certain RRC procedures
	Comments

	Nomor 
	No
	Yes
	Yes
	Yes
	FFS
	FFS
	

	Spreadtrum
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	For UE capabilities, we think it can be important criteria. We proposed a method to extend the number of HARQ processes, which has minor impacts on the spec[10]. Service QoS related criteria is also useful but we think big impacts on the spec should be avoided while taking them into consideration.

	LG
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	All aspects should be considered in network decision, but does not need to be specified. 

	ZTE
	No
	No
	No
	No
	No
	No
	· UE capability:

The enabling / disabling of HARQ feedback shall be mandatory supported by all the NTN capable UE. 

· RTT/service req.: 
It is network’s implementation, and doesn’t need to be specified. 

· RRC procedure: 
It’s hard for MAC to distinguish different RRC procedure.

	CATT
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	All these aspects should be considered but unnecessarily to be specified, it should be up to gNB implementatoin

	OPPO
	Yes
	Yes
	Yes
	Yes
	FFS
	FFS
	Although some / most aspects should be taken into account, FFS on the specification impact

	Vodafone 
	No 
[note 1]
	Yes [note2]
	Secondary consideration

[Note 3]
	Yes
	FFS
[Note 4] 
	FFS 
	1- The UE capabilities should not dictate whether the HARQ is turned on or off. This should be resolved by implementation

2- RTT should be one of the main criteria for turning HARQ ON or OFF

3- Why switch on HARQ for Low Rate Services and slow the service down even further?

4- SRB/control signalling would require accurate delivery however it is not clear whether HARQ procedure, for NTN with long RTT delay could help with accurate delivery of signalling procedures?

	ITRI
	No
	Yes
	Yes
	Yes
	Yes
	FFS
	For RRC procedures that require HARQ feedback may need to be specified.

	MediaTek
	No
	Yes
	Yes
	Yes
	FFS
	FFS
	MediaTek

	Panasonic
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	All of the factors can be considered by the network for enabling/disabling of HARQ feedback. And there is no need to specify it in the specification as it can be left up to the gNB implementation.

	Huawei, HiSilicon
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	In general we think most of the criteria can be considered but how to consider is up to gNB implementation.
Only exception is RRC procedure based enabling/disabling. In our view, it is possible to enable/disable HARQ feedback for each SRB (SRB1/2) or DRB. But it is not feasible to do RRC procedure specific configuration since MAC cannot know RRC procedure or message.

	Nokia
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Aspects can be input of HARQ disabling but it’s network decision on the criteria.

	KT
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	All aspects can be considered but don’t need to be specified. 

	Thales
	No
	Yes
	Yes
	Yes 
	FFS
	FFS
	The enabling / disabling of HARQ feedback support shall be mandatory for all NTN capable UEs.

	Ericsson
	Maybe
	Yes
	Yes
	Yes
	Yes
	Yes for DL, no for UL
	All of them except some certain cases where it is difficult for MAC to distinguish RRC procedures. In the end it is up to network.

	ETRI
	Yes
	Yes
	Yes
	Yes
	FFS
	FFS
	These criteria could be helpful for gNB decisions, but are implementation issues. Further study for RRC related aspects is needed.

	Sony
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	How to use the criteria is up to gNB implementation

	InterDigital
	No
	Yes
	Yes
	Yes
	FFS
	FFS
	it is up to network implementation how to consider all these aspects, however further discussion on RRC procedures is needed.

	SUMMARY
	Yes: 10
No : 7 
Maybe: 1
	Yes: 17
No: 1
	Yes: 15
No: 1
Other: 1
	Yes: 17
No: 1
	Yes: 10
No: 1
FFS: 7 
	Yes: 8 
No: 2 
FFS: 8
	


Conclusion question 1: 
According to the feedback, most of the companies consider round trip time, throughput and latency service requirements as the criteria for enabling/disabling HARQ feedback. While the radio bearer type (DRB or SRB) and specific RRC procedure as potential criteria require further study, the UE capability as criteria was objected by several companies. It is suggested to capture this conclusion in a TP. 
We would like to confirm that we have not missed any other proposal. 

Question 2: Are there any further criteria which might be considered by the network for enabling / disabling of HARQ feedback?


	Company
	Further criteria 
	Other comments 

	Nomor 
	No
	- 

	Spreadtrum
	No
	

	LG
	Yes
	All aspects should be considered in network decision, but does not need to be specified.

	ZTE
	No
	

	CATT
	Maybe 
	Maybe there are further criteria need to be considered by the network, but even there are, these aspects are implementation basis, no need to be specified

	Vodafone
	Yes
	1- Change in Radio Channel Condition / CQI /change in atmospheric conditions/changes in the Radio Link Budget
2- Change in Round Trip Time (RTT) due to movement of the satellite in elliptical orbit above the ground

3- Change of Service

4- Degradation of UE’s performance

	ITRI
	FFS
	E.g., The variation of UE perceived signal quality (e.g., in the cell edge or not) could be considered as a criterion.

	Panasonic
	Maybe
	Other criteria are possible but should be left up to the gNB implementation.

	Huawei, HiSilicon
	Maybe
	Similar view as CATT.

	Nokia
	FFS
	Further criteria are possible to be considered by network. (E.g. UE power status could be considered as a criteria in UL.)

	KT
	Maybe
	Agree with CATT

	Thales
	Yes
	1- Change in Radio Channel Condition / CQI /change in atmospheric conditions/changes in the Radio Link Budget

2- Change on network status (congestion, service degradation)

	Ericsson
	No
	There be many more criterion to consider but it is anyway up to network implementation.

	ETRI
	No
	

	Sony
	Maybe
	Similar view as CATT

	InterDigital
	No
	Other aspects may be considered, however this is up to network implementation.

	SUMMARY
	Yes: 3   No: 6   Maybe/FFS: 7
	


Conclusion question 2: 
In summary there is no majority that thinks additional criteria are required. Since the criteria are not specific anyway there is no strong need to continue to study more criteria. The TP should capture that other criteria are not excluded. 
3.3 Signalling of enabling / disabling uplink HARQ feedback 

At RAN2#106 it was decided that enabling / disabling HARQ is a network decision. This means the network decision will need to be signalled towards the UE. It seems to be general understanding that this configuration will be signalled via RRC signalling in a semi-static way. 

Question 3: Should uplink HARQ feedback be enabled / disabled semi-statically by RRC? 


	Company
	Yes
	No
	If no, please explain your proposal. Other comments?

	Nomor 
	Yes
	-
	

	Spreadtrum
	Yes
	
	

	LG
	-
	No
	RRC signalling configures the UE semi-statically whether the HARQ turning off mechanism can be used.

	ZTE
	Yes
	
	This is in line with RAN1’s agreement, RRC based solution can be used in all cases with different UE states, e.g., including HARQ disable in RACH process.

	CATT
	Yes
	
	

	OPPO
	
	
	We can leave the decision (together with Q4 below) to RAN1.

	Vodafone
	Yes
	
	The UE during its first attach procedure and before it starts its first UL/DL operation should be notified by the Network whether HARQ is enabled or not. 

	ITRI
	Yes
	
	

	MediaTek
	Yes
	
	

	Panasonic
	Yes
	
	Based on gNB implementation if certain criteria are met then gNB triggers RRC message to enable/disable HARQ feedback

	Huawei, HiSilicon
	Yes
	
	Based on Question 1, most of criteria for enabling/disabling HARQ feedback are system or service level. Thus we think it should be RRC layer to enable/disable HARQ feedback.

	Nokia
	Yes
	
	RRC configure a set of HARQ IDs for which HARQ feedback disabled.

	KT
	Yes
	
	

	Thales
	Yes
	
	Enabling/disabling HARQ criteria should be performed at network / service level (RRC)

	Ericsson
	Yes
	
	We believe that HARQ should be dynamic enough where it should be possible to turn off the feedback for individual HARQ transmissions. This allows network to continue using HARQ for certain bearers that might require more reliability while HARQ can be turned off for other bearers that require high throughput.

	ETRI
	Yes
	
	

	Sony
	Yes
	
	

	InterDigital
	Yes
	
	Agree with Nokia.

	SUMMARY
	Yes: 16
	No: 1
	


Conclusion question 3: 
There is a clear majority that HARQ feedback should be enabled / disabled semi-statically by RRC. 
Proposal 5: It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
There are also proposals that enabling / disabling of HARQ feedback can be signalled dynamically. In our view such behaviour is on top of the semi-static configuration. From the proponent’s contributions it is unclear, if dynamic signalling means signalling via a new bit on the Downlink Control Information or if it means dynamically assigning the packet to a pre-HARQ process either pre-configured with HARQ feedback enabled or disabled.  The first would probably require RAN1 to define a new DCI format, while the second would work with the existing DCI signalling of the HARQ process. 

Question 4: Should uplink HARQ feedback also be enabled / disabled dynamically by an explicit bit on Downlink Control Information signalling? 


	Company
	[Yes/No/FFS]
	If yes, please explain your proposal. Other comments?

	Nomor
	FFS
	We are not ready to decide to add signalling to the PDCCH/DCI unless a new PDCCH/DCI format must be defined anyway. Therefore, we would like to leave this decision up to discussion/progress in RAN1. 

	Spreadtrum
	FFS
	We are not sure if it is practical and beneficial to enable/disable dynamically HARQ feedback for DL transmission. A new DCI format is needed also, which impacts the spec. Maybe we can provide RAN2’s perspective and leave it to be decided by RAN1.

	LG
	Yes
	For the UE configured with HARQ turning off mechanism, the network dynamically indicates the UE to turn on/off a HARQ process using DCI. The DCI signalling is provided per HARQ process.

	ZTE
	No, but
	We can not see clear benefit to support the dynamically HARQ feedback enable/disable, but we also agree it is up to RAN1 to determine whether the dynamically HARQ feedback enable/disable is needed or not.

	CATT
	FFS
	It is too early to decide whether uplink HARQ feedback should be disabled / enabled. The motivation and benefits need more discussion. RAN1’s perspective should be considered. 

	OPPO
	
	We can leave the decision (together with Q3 below) to RAN1.

	Vodafone
	FFS
	At this stage it is unclear why HARQ should be switched on dynamically? Does this mean that the channel conditions have changed, during the transmission, in which case switching on the HARQ is a wasteful/inefficient process? However should we have a manageable RTT, the HARQ could be switched on for service that requires high reliability. But as previously stated we await for RAN1 decision on this. 

	ITRI
	FFS
	It may be benefit to enable/disable HARQ feedback dynamically, but whether to be controlled by DCI is up to RAN1 study.

	MediaTek
	No
	We agree with ZTE that there seems no clear benefit to support the dynamic enabling/disabling of HARQ feedback.

	Panasonic
	Yes
	We see benefit to use DCI to enable/disable HARQ feedback dynamically as only essential/important data needs to be protected by HARQ feedback as soft buffer size is limited. This can be done by possibly an explicit bit in DCI or configure enable/disable per HARQ process. However, the discussion to introduce either new bit field or other possibilities should be up to RAN1

	Huawei, HiSilicon
	No
	Based on Question 1, most of criteria for enabling/disabling HARQ feedback are system or service level, which has no dynamic requirement. Thus we do not see strong motivation to do dynamic enabling/disabling for HARQ feedback. Considering the long propagation delay, DCI based enabling/disabling cannot be very dynamic anyway.

	Nokia
	FFS
	On top of semi-static RRC configuration of a set of HARQ IDs for which HARQ feedback disabled, legacy HARQ process ID in DCI can be an indicator to dynamically disable the HARQ feedback per packet scheduling based on HARQ ID feedback setting by RRC. It’s up to RAN1 to conclude final decision.

	KT
	
	No strong view but It’s up to RAN1.

	Thales
	FFS
	The criteria for enabling/disabling HARQ is network / service level. Agree no strong requirement for dynamic enabling/disabling. As it might require DCI change, wait for RAN1 decision.

	Ericsson
	FFS
	Up to RAN1. 

	ETRI
	FFS
	We do not sure if the DCI based signalling is beneficial. It should be left to RAN1 decision.

	Sony
	FFS
	Whether and how to support dynamic HARQ disabling should be left to RAN1.

	InterDigital
	FFS
	This could be considered after further progress in RAN1.

	SUMMARY
	Yes: 2
No: 3
FFS: 11
	


Conclusion question 4: 
There is no clear view if uplink HARQ feedback should be enabled / disabled dynamically by an explicit bit on Downlink Control Information signalling. Several companies questioned the benefit of dynamic signalling. Overall there is common understanding that discussion should be left to RAN1.    
There were different proposals on how the enabling / disabling of HARQ feedback shall be configurable. The following options (order from simple to more complex/flexible) have been mentioned by companies: 

· Configurable per cell (HARQ feedback of a specific cell is either enabled or disabled for all UEs) 

· Configurable per UE (HARQ feedback of a specific UE is either enabled or disabled)

· Configurable per HARQ process

· Configurable per Logical Channel 

· Configurable on a per packet basis 

Question 5: Should the enabling / disabling of HARQ feedback be configurable per HARQ process, per Logical Channel or on a per packet basis?
 
	Company
	Per cell
	Per UE
	Per HARQ process 
	Per LCH
	Per packet basis 
	Other Comments  

	Nomor 
	No
	Yes for configuration
	Yes
	No
	Yes
	We think HARQ processes are configured per UE with HARQ feedback enabled or disabled. The MAC scheduler can assign packets dynamically to differently configured HARQ processes on a per packet basis in a dynamic way.  

	Spreadtrum
	No
	Yes
	Yes
	No
	?
	Actually we agreed that the network should be able to configure whether HARQ feedback for DL transmission is turned off. So we do not know how to disable/enable HARQ feedback for DL transmission per LCH. Do we need dynamically enable/disable HARQ feedback for DL transmission per packet basis? If do, we think it is up to RAN1 as commented in Q4

	LG
	No
	Yes for configuration
	Yes for DCI signalling
	No
	No
	RRC signalling configures the UE semi-statically whether the HARQ turning off mechanism can be used.

For the UE configured with HARQ turning off mechanism, the network dynamically indicates the UE to turn on/off a HARQ process using DCI. The DCI signalling is provided per HARQ process.

	ZTE
	Yes
	No
	No
	No
	No
	With blind retransmission/slot aggregation, the transmission without HARQ feedback can provide enough reliability and lower latency. Also considering the AM RLC with feedback are still available to ensure the lossless transmission, we can not see clear benefit to support the per HARQ process/per LCH/per packet HARQ feedback operation. To simplify the specification and implementation, we prefer only to support the per cell HARQ configuration in the first release.

	CATT
	No
	No
	Yes for DCI signalling, but RRC can’t configure HARQ process
	Yes 
	No
	We think per UE is a very big granularity. Per HARQ process is a good choice, and DCI 
ignaling can do that, which is out of the scope of RAN2. From RAN2 perspective, RRC can configure the HARQ ACK per DRB granularity in the basis of QoS requirement.

	OPPO
	No
	No
	Yes
	No
	FFS
	Per process can be a baseline solution, and DCI signaling usage can be left to RAN1 decision – so RAN2 can leave that open for now.

	Vodafone
	Yes

[Note 1] 
	Yes 
[Note 2] 
	Yes
[Note 3]  
	No
[Note 4]  
	No
[Note 4]  
	1- This is the basic and most fundamental method of enabling and disabling the HARQ, as all the Ues will be in that particular cell and would be subject to the same RTT with the Satellite travelling above and subject to the same channel conditions
2- UE based HARQ control is also useful as this could be used for service differentiation and for services that require high reliability. This is a nice to have feature!

3- FFS this feature would require further investigation 

4-  Considering that the number of Ues are significantly greater in a Satellite Cell, these processes are over complicated from network perspective and would require much Network resources to support

	ITRI
	No
	Yes
	Yes
	No
	No
	We think the HARQ feedback should be turned on/off based on UE perceived signal quality and traffic type. However, we don’t see the benefit to configure HARQ feedback per LCH or per packet. 

	MediaTek
	Yes
	No
	No
	No
	No
	We agree with ZTE that there is no clear benefit to support the per HARQ process/per LCH/per packet HARQ feedback operation.
It could be possible to enable HARQ for C-Plane, but not for regular data.

	Panasonic
	No
	Yes
	FFS
	No
	FFS
	Per UE configuration is available among off, on or dynamically on/off. Dynamically on/off can be per HARQ process or per packet basis. 



	Huawei, HiSilicon
	Yes
	Yes
	Yes
	Yes
	No
	Per Cell: Maybe useful for GEO cells when HARQ for all Ues cannot work very well.

Per UE: Can be realized via per cell or per HARQ process way. No strong view.

For the rest three options, we think they are not in parallel:

Per HARQ process: Should be supported in case Ues have traffics with various QoS requirements. The key point is the basis to schedule the packet using different HARQ process, e.g. per LCH or per packet.

Per LCH: Should be supported along with per HARQ process to determine grant allocation during LCP procedure.

Per packet basis: Difficult to perform as the smallest granularity of service seen by MAC is LCH. Based on Question 1, we do not see strong motivation to enable/disable in such a dynamic way.

	Nokia
	No
	Yes for configuration
	Yes for DCI signalling
	Yes for configuration
	No
	RRC configure UE with a set of HARQ IDs for which HARQ feedback disabled.

Legacy HARQ process ID in DCI can be an indicator to dynamically disable/enable the HARQ feedback per packet scheduling based on HARQ ID feedback setting by   RRC.

	KT
	Yes
	Yes
	Yes
	Yes
	No
	We think all cases can be beneficial but per packet basis is too complicate.

	Thales
	Yes
	Yes
	Yes 
	FFS
	No
	Cell: Depending on cell type, size, conditions, quality received per cell.

UE: to support capability of HARQ enable/disable per HARQ process

Per LCH: could be supported as long as per HARQ process. 

Per packet basis: Too complex. 

	Ericsson
	No
	Yes, implicitly
	Yes
	Yes, implicitly
	Not clear
	We believe that HARQ feedback should be dynamic. Whether that is through bit in DCI or by HARQ process IDs is FFS. 

This allows us to dynamically switch on and off HARQ feedback, which is for some cases where HARQ is still clearly useful in a high-propagation delay network:

· Traffic rates where the number of HARQ processes is sufficient given the RTT,

· Certain logical channels with single RLC PDU transmissions, such as SRB1/2 where relying on RLC AM requires us to poll or rely on out-of-order reception for status reports to do retransmissions might cause considerable delays compared to relying on HARQ feedback.

	ETRI
	No
	Yes
	Yes
	Yes
	No
	We think that the enabling/disabling of HARQ feedback should be configurable not only per UE but also per traffic type. 
We do not be sure if packet-based configuration is beneficial. 

	Sony
	No
	Yes
	Yes
	Yes
	FFS
	RRC configured HARQ disabling per UE shall be supported. Whether support configured HARQ processes on a per packet basis in a dynamic way shall be left to RAN1 together with Q4.

	InterDigital
	No
	Yes, for configuration
	Yes
	No
	No
	Yes for UE specific, due to UE specific RRC configuration
Yes per HARQ process ID to allow scheduling flexibility for different required reliability levels.

No need to configure it per packet because the QoS level should not change on a per packet basis for a certain LCH 

	SUMMARY
	Yes: 6
No: 12 
	Yes: 14
No: 4
	Yes: 15
No: 2
FFS: 1
	Yes: 7
No: 10
	Yes: 1
No: 12
FFS; 3
? : 2
	


Conclusion question 5: 
The majority of companies assumes that the enabling / disabling of HARQ feedback shall be configurable per UE and/or HARQ process. There is a clear majority against the enabling / disabling of HARQ feedback on a per packet basis and a less strong majority against the enabling / disabling of HARQ feedback per Logical Channel. For the sake of progress on this issue based on the clear majority.  

Proposal 6: The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. 
The per cell configuration and the per LCH configuration was still supported by 6 and 7 companies and it may be too early to exclude these options. Therefore, it suggested to leave the final decision for stage 3 specification work. 

Proposal 7: Whether enabling / disabling of HARQ feedback on a per cell and on a per Logical Channel basis will be supported, shall be decided during stage 3 specification.
We would like to confirm that we have not missed any other proposal. 

Question 6: Are there any further proposals on how the HARQ feedback should be enabled / disabled?   


	Company
	Further proposals
[Yes/No] 
	Details 

	Nomor 
	No
	- 

	Spreadtrum
	No
	

	LG
	No
	

	ZTE
	No
	

	CATT
	No 
	

	Vodafone
	No 
	Not at this stage

	MediaTek
	No
	

	Panasonic
	No
	

	Huawei, HiSilicon
	No
	

	Nokia
	No
	

	KT
	No
	

	Thales
	No
	

	Ericsson
	No
	

	ETRI
	No
	

	Sony
	No
	

	InterDigital
	No
	

	SUMMARY
	Yes: 0
No: 16
	


Conclusion question 6: 
There are no other proposals on how to enable / disable HARQ feedback. 
4 Conclusion and Potential Agreements 

18 Companies provided feedback on the email discussion on HARQ. Based on the feedback the following proposals are suggested to be agreed by RAN2: 

Proposal 1: Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.
Proposal 2: Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 

New Proposal 3: Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.
Proposal 4: Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  

Proposal 5: It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
Proposal 6: The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. 
Proposal 7: Whether enabling / disabling of HARQ feedback on a per cell and on a per Logical Channel basis will be supported, shall be decided during stage 3 specification.
Based on the decisions made in previous meetings and the expected agreement on the proposals above, a test proposal for 3GPP TR 38.821 has been drafted in section 5.
5 Text Proposal 

Chapter 7.2 in 3GPP TR 38.821 captures the user plane enhancements of the study item on solutions evaluation for NR to support NTN. We propose the following section on HARQ for agreement in RAN2 or as input for the study item rapporteur.  

* * * Start of changes * * * * (NEW TEXT)

7.2.1.4
HARQ



The MAC sublayer supports error correction and/or repetition through HARQ as in NR Release 15. The HARQ functionality ensures delivery between peer entities at Layer 1 [14].
For NTN the network could disable uplink HARQ feedback at the UE receiver e.g. to support long propagation delays. Even if HARQ feedback is disabled, the HARQ processes are still configured. Enabling / disabling of HARQ feedback is a network decision signalled semi-statically to the UE by RRC signalling. The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. Whether configuration on a per cell and per Logical Channel basis will be supported, shall be decided during stage 3 specification. The network criteria of enabling / disabling HARQ feedback are not specified. Examples for possible criteria are latency or throughput service requirements, transmission roundtrip time etc. Other criteria are not excluded. 
Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Soft combining of multiple transmissions according to NR Rel.15 is supported in the receiver. 
Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might also be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission. Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.   



* * * End of changes * * * * (NEW TEXT)
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