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1 Introduction

Since the first release of LTE, Automatic Neighbour Relation (ANR) functionality has been introduced to automatically generate the relations between radio network entities. Such relations are used to establish connections between entities, support mobility, load balancing, dual connectivity, etc [1, 2, 6]. Similarly to LTE, the NR WI description includes support of ANR functionalities. Further, at RAN2-AH1807, RAN2 agreed:
Agreements

1
LTE inter-RAT ANR framework is extended to cover NR (target to complete this at end of Rel-15, not December 2017)

In RAN2#101bis meeting, RAN2 agreed to perform the following email discussion:
[101bis#47][NR] ANR (vivo)


Progress the details of ANR reporting. Covers inter-RAT NR ANR from E-UTRA, NR ANR for SA, inter RAT LTE ANR from NR.


Intended outcome: Report and TPs to next meeting


Deadline:  Thursday 2018-05-10

To allow time to discuss TPs for next meeting, we propose to proceed this email discussion in two phases:

· Phase 1: Companies are invited to provide feedback to questions related to different issues proposed in this email discussion by Monday 2018-05-07
· Phase 2: further, rapporteur will propose TPs based on email discussion output and companies are invited to feedback comments by Thursday 2018-05-10
2 Discussion
2.1 ANR configuration
In this section, we discuss questions related to ANR configuration. For ANR measurement and reporting, LTE network can configure the UE to measure and report CGI from neighboring cells. Similar approach can be adopted with regard to ANR design for NSA/SA ANR, inter-RAT ANR measurement. Typically, eNB/gNB can configure UE to
· Read CGI for any measured newly found (gNB/eNB) PCI as parameter.

· Report the CGI of the newly found PCI, if UE successfully read it [3].

Network can configure the UE served by LTE only, the UE served by EN-DC or UE served by NR only to perform CGI measurement and reporting.

In the case of EN-DC, the following have already been agreed

1:   For LTE reportCGI of an NR cell the UE acquires the cell ID from SIB1 of the NR cell (for post EN-DC early freeze)
FFS Whether the UE reports anything to indicate that the NSA cell was not broadcasting SIB1.

From above greement, we understand that ANR configuration is supported for the UE served by EN-DC.
Companies are invited to feedback comments to below questions for both LTE and NR ANR. 

Question 1-1: Besides EN-DC UE, what kind of UE can be configured to perform ANR towards NR and LTE cell?

A. UE served by LTE only 

B. UE served by NR only

	Company name
	Options? 


	Comments

	vivo
	Both A and B
	Inter-RAT mobility between NR and LTE will be supported, therefore, UE should be able to report LTE CGI in NR and vice versa.

	Nokia
	A and B
	We are not sure what “only” above means. ANR should be equally supported by the UEs operating in different modes, including NR SA, EN-DC, LTE and in future also other architecture options as NE-DC. The bottom line is that we need to specify:

· Inter-RAT ANR towards NR configured by eNB

· Intra-RAT ANR towards NR configured by gNB

· Inter-RAT ANR towards LTE configured by gNB

	Huawei
	A+B
	We don’t see any reason to restrict these.  We agree that Nokia’s list above may be a clearer categorization of the cases.

	ZTE
	A+B
	We also agree with Nokia’s list. 

	Intel Corporation
	A and B
	

	DOCOMO
	A and B
	We also think the restriction is not necessary. We should specify the all cases listed by Nokia.

	Ericsson
	A+B
	LTE UE can report NR ANR, NR UE can report LTE ANR, NR UE can report NR ANR

	OPPO
	A and B
	We don’t see any reason to restrict this, and also consider the list from Nokia is much clearer for understanding.

	Samsung
	A and B
	We cannot see why we need any restriction.

	
	
	

	
	
	

	
	
	


Summary of Question 1-1
9 companies provided input, all companies agreed that UE served by LTE only can be configured to perform ANR toward NR and UE served by NR only can also be configured to perform ANR towards LTE. 

Proposal1: For ANR, including Intra and Inter RAT cases, the following ANR configuration are supported:
· Inter-RAT ANR towards NR configured by eNB

· Intra-RAT ANR towards NR configured by gNB
· Inter-RAT ANR towards LTE configured by gNB
For NSA deployment, a gNB may initiate the SN change procedure according to the measurement result from an EN-DC UE. If the measurement report includes an unknown PCI, the gNB has to obtain the CGI corresponding to the unknown PCI before initiate the SN change procedure. Hence, it seems there are some benefits to enable the gNB/SN to configure an EN-DC UE to perform ANR. 

For EN-DC, configuration from SCG may be delivered to UE via SRB1 or SRB3, and SRB3 is only applied in procedures where the MN is not involved. Since potential ANR procedure triggered by SN does not involve MN, SRB3 may be used. Therefore,

Question 1-2: If the EN-DC UE is configured to perform ANR: Can the ANR function be configured by SN? If yes, can the ANR function be configured via SRB3?

	Company name
	Yes/No
	Comments

	vivo
	Yes
	SN can use ANR to establish neighbor relation to perform inter-cell resource coordination, e.g. interference coordination between different neighbor cells.

ANR is performed via measurement procedure. SRB3 may be used by SN to configure measurement and the corresponding measurement report messages can also be mapped to SRB3.
Since a SN configuring a UE to perform CGI reporting for another gNB does not involve MeNB. We think, SRB3 can be used to configure ANR CGI reporting by SN.

	Nokia
	Yes
	Yes, this should be supported and does not require additional work, since it was agreed that measurement configuration and reports can be sent over SRB3. ANR towards LTE should not be configured by SN for EN-DC.

	Huawei
	Yes to both
	We agree with the analysis above that this case be useful for support of SN change.  And we don’t see any need for MN involvement, so it should be possible to configure CGI reporting on SRB3.  In our understanding there would be no spec impact to support this.

	ZTE
	No
	For EN-DC UE, we prefer to only support ANR function at MN side because of following reasons:

1. For EN-DC deployment, Xn interface might not be supported between source SN and target SN, so even if we support ANR measurement(i.e. reportCGI) at SN side, SN might not be able to obtain the detail cell information via Xn interface.

2. The SN(NR) neighbour cells can be used to trigger SN change, in this case, MN is involved, and the procedure can be successfully triggered as long as MN is aware of the target SN, and X2 interface is established between MN and target SN, which means MN anyhow needs to know the NR Cell, so it make sense to only configure ANR at MN side;

3. If SN can configure ANR measurement towards UE, LS should be sent to RAN4 to confirm whether parallel ANR MeasIDs can be supported in EN-DC case(eg. both MN and SN configure “reportCGI” towards UE at the same time)? If the answer is no, then ANR coordination between MN and SN is needed, which will increase the complexity.



	Intel Corporation
	Yes for configuration by SN; no for SRB3
	As indicated in response to Q 1-3, the ANR has to be coordinated to prevent both MN and SN requesting it at the same time.  Hence it has to be over SRB1.

	DOCOMO
	Yes
	Yes. Since the ANR measurement does not involve MeNB it can be configured via SRB3.

	Ericsson
	Yes
	Agree that it should be supported

	OPPO
	Partially Yes
	With considering the cases listed by Nokia in last question, we think it may be beneficial to make SN configure ANR for intra-RAT case via SRB3, but we don’t think inter-RAT ANR from SN to LTE is required.

	Samsung
	Yes
	We’d like to support ANR configured by both MN and SN and also via SRB3.
There is no issue if SN doesn’t exceed the number of frequency layer capability for reportCGI.

We assume that ANR configured by MN can be used in the case where PCI confusion happens. ANR configured by SN can be for SON purpose.

	
	
	

	
	
	


Summary of Question 1-2
9 companies provided input:

· 7 companies agreed that in case of EN-DC UE, ANR function can be configured by SN and ANR configuration can be via SRB3. But 2 companies do not think ANR towards LTE should not be configured by SN for EN-DC.
· 1 company agreed that in case of EN-DC UE, ANR function can be configured by SN but the ANR configuration should only over SRB1

· In case of EN-DC UE, 1 company disagreed to support ANR function configuration by SN. ANR function configuration should only be at MN side
Proposal 2a: In case of EN-DC UE, ANR function towards NR cell can be configured by SN. FFS whether SN can configure ANR towards LTE cell.
Proposal 2b: RAN2 agrees that ANR function can be configured by SRB3. 
In LTE ANR, when T321 is running, UE is allowed to use autonomous gaps to acquire the required information for ANR from the neighbouring cell. If use autonomous gaps is allowed to also use in EN-DC ANR towards NR neighber cell, and a DC UE configured to perform ANR by MN, the SN may not know the UE will use autonomous gap. As a result, during the autonomous gaps, the SN may retransmit packets continuously for no ACK from UE is received.  After retransmission for a number of times, the SN release procedure may be initiated by the SN. So we need to discuss the below issue.

Question 1-3: If EN-DC UE is configured to perform ANR: if one serving eNB/gNB configures UE to perform ANR, does the other serving eNB/gNB  (in case of EN-DC) needed to be informed, e.g; by serving eNB/gNB or UE?

	Company name
	Yes/No
	Comments

	vivo
	Yes 
	If an EN-DC UE is configured to perform ANR towards NR, the SN may not know the UE is using autonomous gap. As a result, during the autonomous gaps, the SN may retransmit packets continuously for no ACK from UE is received. After retransmission for a number of times, the SN release procedure may be initiated by the SN.

	Nokia
	Yes
	The configuration of autonomous gaps should be known to the other leg. Probably more discussion is needed on autonomous gaps support in Rel-15…

	Huawei
	Yes
	The non-configuring node should be aware.

	ZTE
	No
	In LTE, although autonomous gap is used when “si-RequestForHO” is enabled, in RAN4 spec, RAN4 defines the minimum number of transmitted ACK/NACK during identifying the new CGI. From network perspective, no enhancement is needed for this case, and abnormal release will not happen because of the discrete DTX. So in case of EN-DC, for transmission aspect, we don’t see much necessity to inform the SN about this configuration.

Meanwhile, the time UE spent on reportCGI are different among UEs, if we go this way, then both “ON/OFF” autonomous gap notifications are needed, which will increase X2 signaling overhead. 

Additionally, whether autonomous gap will be supported in NR is up to RAN4, LS can be sent to RAN4 to get confirmation in advance.

	Intel Corporation
	Yes
	Only one ANR should be allowed at a time in the UE.  

	DOCOMO
	Yes
	If the autonomous gaps is supported in EN-DC, it should be needed to inform to the peer node.

	Ericsson
	-
	If considered needed, yes, UE can inform SN rather than the serving eNB/gNB. 

	OPPO
	Yes
	From RAN2 perspective, we also consider it is beneficial to just have one ANR in the UE at a time.

	Samsung
	- 
	First of all, we need to discuss the autonomous gap. If it is used, it should be informed to the other node.

	
	
	

	
	
	


Summary of Question 1-3
9 companies provided input:

· 6 companies agreed that in case of EN-DC UE, if one serving eNB/gNB configures UE to perform ANR, other serving eNB/gNB should be informed
· 1 company thinks that if considered needed to inform, UE can inform SN

· 1 company thinks that if autonomous gap is introduced and used, then e non-configuring node should be informed.

· In case of EN-DC UE, if one serving eNB/gNB configures UE to perform ANR, 1 company sees no need to inform other serving eNB/gNB 
Proposal 3: In case of EN-DC UE, if one serving eNB/gNB configures UE to perform ANR, the non-configuring node should be aware. FFS whether non-configuring node is informed by configuring node or UE. 
2.2 CGI content

During the RAN2#101 meeting it was further agreed that:

Agreements 

1:
For LTE reportCGI of an NR cell the UE acquires the cell ID from SIB1 of the NR cell (for post EN-DC early freeze)

FFS Whether the UE reports anything to indicate that the NSA cell was not broadcasting SIB1.

2:
Introduce a capability bit in LTE for the capability of reportCGI towards NR neighbours (no differentiation between SA/NSA case). 

FFS on differentiation between FR1 and FR2.
In this section we discuss question related to CGI content for ANR, including SA and iter-RAT ANR [7,11]. This section mainly deal with the above two FFS.
Below questions cover both LTE and NR configuring of ANR measurement and reporting. Companies are invited to point out the difference between LTE and NR configuration, if any.
Question 2-1: What is UE ANR reporting CGI content in case SIB1 is broadcasted: 

A. PLMN list, 

B. TAC,

C. Cell type: SA or NSA cell, 

D. CN type,

E. FrequencyBandList,

F. CGI

G. RANAC
H. Other

	Company name
	Option(s)? 
	Comments

	vivo
	A,B, E and F
	For option C we do not see any strong motivation. Further, it may require additional specification work to support such feature, e.g. include cell type indication in SIB1.

We think option D is not necessary, as RAN3 has already agreed that eNB and gNB connected to 5GC will broadcast a 3-bytes TAC for 5GC connectivity [14], while eNBconnected to EPC broadcast a 2-bytes TAC for EPC connectivity. So from the TAC type in CGI report, the CN type can be known.


	Nokia
	A, B, E, F
	Network also needs to know whether X2 or Xn or both interfaces should be established with the reported cell/gNB, so knowledge about a cell being SA and/or NSA might be needed. However, we think that TAC does not have to be signaled for NSA deployments, so the lack of TAC in the report could be a sufficient indication that a gNB is an en-gNB. 

The presence of TAC would indicate that the cell is SA capable, and X2 signaling will indicate if NSA is also supported by the Cell. But this implies that EN-DC UE can read and report TAC.

CN type signalling will be relevant for eLTE, but this should be addressed within eLTE WI. This is not defined in NR SIB for the moment.

The type of Cell (SA, NSA or both ) could also be defined per PLMN.

	Huawei
	A, B, E, F as a baseline
	SA vs. NSA cell may not be reliably detectable (apart from the lack of SIB1, for which see below).  We agree with Nokia that reporting of CN type is more related to eLTE.

	ZTE
	A, B, E, F, G
	For “option C”, whether it refers to Q2-2 below? Otherwise, we haven’t seen the relevant IE in MIB/SIB1. 

For “FrequencyBandList”, we suggest to reuse the LTE design, introducing a switch(i.e. includeMultiBandInfo-r12) in reportConfig to enable the band info reporting.

Beside the above options, same as TAC, for RAN notification area feature, we think it’s beneficial to report RANAC as well, so we add an “option G” in above list.

	Intel Corporation
	A, B, E, F
	We are not sure what CN type is referring to for NR cell. 

	DOCOMO
	A, B, E, F and G
	For option C and D, we don’t see any strong motivation.

	Ericsson
	A, B, C, D, E, F
	In real deployment, it is possible to support multiple options in parallel in the same network e.g. there could be eNB base station supporting option 3, 5 and 7 in the same network as NR base station supporting 2 and 4.

As different NR cells can have quite different functionalities, and the UE support can also be quite diverse, the current ANR procedures have some deficiencies which could lead to quite many error cases.

Therefore, we believe we shall support CGI reporting functionality in NR (38.331) where the UE is provided with a cell identifier (that can be either LTE or NR cell) for which it acquires system information and derives whether that cell is an SA or NSA and also whether it is connected to EPC or 5GC. Once that is done, the UE includes that in a measurement report and sends it to the serving node.
Moreover we shall enhance the existing CGI reporting functionality in LTE (36.331) where the UE is provided with a cell identifier (that can be either LTE or NR cell) for which it acquires system information and derives whether that cell is an SA or NSA and also whether it is connected to EPC or 5GC. Once that is done, the UE includes that in a measurement report and sends it to the serving node.

	OPPO
	A, B, E, F at this stage
	We also agree with previous comments from companies for corresponding contents.

	Samsung
	A, E, F
	We assume to use LTE as a baseline.
TAC, RNAID and others may require more discussion.

	
	
	

	
	
	


Summary of Question 2-1
9 companies provided input:

· All 8 companies agreed that for ANR reporting, measurement content should include:

· PLMN list

· TAC

· FrequencyBandList

· CGI

· Additionally 2 (included in above 8) companies see the necessity to also report RANAC in CGI content.
Note: RANAC is optionally broadcast in SIB1

1 company thinks that just PLMN list, Frequency band list and CGI are baseline for ANR CGI reporting

· 1 company support including CN type and cell type: SA or NSA cell indication
Proposal 4: For ANR reporting, the CGI content includes:

· a: PLMN list, TAC, frequency band list and CGI as baseline

· b: FFS RANAC is also reported, if included in SIB1

As highlighted in above RAN2 agreement, in some cases the UE may be requested to report CGI for the cell, which does not provide SIB1, UE may need to report this fact to the network. Lack of SIB1 can be deduced by the UE based on the information contained in MIB [4, 5]. In such case, some companies argue that it may be useful that the UE reports this lack of SIB1.

Question 2-2: Does UE need to report any indication in the case SIB1/RMSI is not broadcasted. If yes, which one(s) of the following should be reported[8]： 

A. “no SIB1 provided” indication 
B.  Where CD-SSB of the measured SSB can be found

C.  CGI information obtained from next CD-SSB if available
D.  Other
	Company name
	Yes/No. If yes which option(s)?
	Comments

	vivo
	A
	If a cell can know that a neighbor cell does not broadcast SIB1, the cell will no longer configure UE to perform unnecessary CGI measurement and reporting towards the neighbor cell. This will avoid unnecessary UE power consumption.

For option B and C, in our understanding, the next CD-SSB may not belong to the target neighbor cell which UE is configured to measure. Hence, report the information associated with the next CD-SSB may confuse the serving cell. 

	Nokia
	Yes: A, B
	We think this is useful. Without any feedback on the reason why the requested CGI was not reported, network may unnecessarily configure the same request again for the same or other UEs. No SIB1 indication from the UE can be used by the eNB/gNB to request SIB1 broadcast via OAM interface in order to allow for establishing new NCR with the detected NR cell. Since MIB can be used not only to indicate whether SIB1 is broadcast or not, but also additionally to tell the UE where the SSB with associated RMSI can be or cannot be found, this would also be useful. The simplest method would be, in case no SIB1 is provided, to report ssb-SubcarrierOffset and pdcch-ConfigSIB1 parameters and network can deduce this information by itself. 

Option “C.” should not be performed automatically by the UE. Based on the information reported by the UE using option “B.” network would be able to configure the measurements on additional SSBs and request reportCGI for cells detected there.

	Huawei
	A+B
	It is easy to indicate “no SIB1” without undue complexity for the UE, and it lets the network avoid repeatedly configuring UEs to report the same cell with no SIB1.  Reporting a pointer to the CD-SSB is also straightforward and allows the network to determine if it needs CGI reporting for that SSB, but reporting the CGI obtained from the CD-SSB would require a longer interruption for the UE and seems not necessary.

	ZTE
	Yes

A;

B and C. 
	We prefer to split this into two sub cases:

Case1: the indicated SSB is not associated with RMSI, and next CD-SSB is not provided;

Case2: the indicated SSB is not associated with RMSI, and next CD-SSB is provided.

For case1, to avoid subsequent reportCGI attempt, it’s reasonable to inform the network that reportCGI fails due to “SIB1 is not provided”, in this case, UE can send CGI reporting immediately with the indication.

For case2, considering the next CD-SSB can be obtained by UE, in our view, it’s beneficial to jump to the CD-SSB to read SIB1 and report CGI to network directly( trigger another reportCGI will increase the entire time delay before handover), and to avoid misunderstanding, it’s better to report some additional information(eg. ARFCN of next CD-SSB) together with the CGI information. 

	Intel Corporation
A

	A
	The rest should be discussed further.

	DOCOMO
	A
	A is a baseline for SON purpose. On B, we’re not sure if ssb-SubcarrierOffset (i.e. KSSB in RAN1 spec) and pdcch-ConfigSIB1 (i.e. RMSI-PDCCH-Config in RAN1 spec) is enough for the NW to perform the subsequent request to the UE. PCI on the second SSB could be different from the one on the first SSB. In this case, the NW cannot ask the second ANR request as the NW don’t know PCI for the second SSB.

The need of C is questionable as well. The other UE may find the SSB where SIB1 is present at first. Given that the NW has a clue to obtain ANR report from multiple UEs, such the optimization would not be essential.

	Ericsson
	Yes, D
	The A behavior can be represented by the UE simply reporting *NSA indicator without including CGI” to indicate that SIB1 is missing. This is enough in this release

	OPPO
	A
	We also consider A is sufficient to solve the issue. For other use cases, we think it can be addressed in later release if needed.

	Samsung
	A
	It may be helpful to avoid that gNB requests again

	
	
	

	
	
	


Summary of Question 2-2
9 companies provided input. All 9 companies agreed that an indication should be reported in case of no SIB1 broadcast. For the content of the indication:
· 8 companies agreed that, in case SIB1/RMSI is not broadcast in SIB1, UE should report a “no SIB1 provided” indication 
· Additionally 3 (included in above 8) companies see the necessity to report where CD-SSB if the measured SSB is found

· 1 company sees the necessity to also report CGI information obtained from next CD-SSB, if available
· 1 company thinks, that a “NSA indication” is sufficient to notify that SIB1 is not found
Proposal 5: In the case SIB1/RMSI is not broadcast, UE should report a notification to network. UE report includes:

· a: “no SIB1 provided” indication
· b: FFS whether UE should also report where CD-SSB of the measured SSB can be found
In LTE ANR, when UE is requested to report a cell CGI, if UE could not acquire cell CGI information in SIB1, for example because radio condition, UE has to wait until T321 expiry to report measurement report. For SA, NSA and inter-RAT ANR, whether similar UE behavior to LTE ANR reporting can further be discussed. Therefore companies are invited to feedback to the following questions. 
Question 2-3: For CGI reporting, after finding that SIB1/RMSI is not broadcasted, should UE report without waiting for T321 timer expire? 

	Company name
	Yes/No
	Comments

	vivo
	Yes
	Once a UE identify that a neighbor cell does not broadcast SIB1, to avoid unnecessary power consumption, UE should stop CGI measurement in the concerned cell and report “no SIB1 provided” indication without waiting to T321 expiry

	Nokia
	Yes
	An advantage of reporting “no SIB1” and potentially additional information as mentioned above is that the UE does not have to wait until T321 expiry with a report. This would reduce the delay of the whole procedure and potentially speed up the handover.

	Huawei
	Yes
	There seems no benefit for waiting for the timer expiry in this case.

	ZTE
	Yes
	For successful case, UE reports CGI report as long as it obtains the relevant information; For failure case(eg. UE notices that SIB1 is not associated), it make sense to send CGI reporting immediately. In LTE, network may configure long DRX cycle to facilitate the CGI reporting procedure, in this case, if UE sends report to network as soon as possible, then network can reconfigure the DRX parameters(eg. reconfigure the long DRX cycle from a large value to a small value) to reduce the impact on UE throughput.

	Intel Corporation
	Yes
	UE can report once it has the necessary information.

	DOCOMO
	Yes
	To reduce interruption time, the UE should report the “no SIB provided” indication without waiting for T321 expiry.

	Ericsson
	Yes
	

	OPPO
	Yes
	We agree that UE can report the necessary information without waiting until timer expires, This can rely on UE implementation in our understanding. 

	Samsung
	Yes
	No reason for wait. UE already identified no SIB1/RMSI

	
	
	

	
	
	


Summary of Question 2-3
9 companies provided input. All 9 companies agreed that after finding that SIB1/RMSI is not broadcast, UE should report “no SIB1 provided indication” without waiting for T321 timer expiry

Proposal 6: In the case SIB1/RMSI is not broadcast, UE should report UE should report “no SIB1 provided indication” without waiting for T321 timer expiry
In existing LTE, the value of T321 is set differently for intra-RAT ANR and inter-RAT ANR. If the ANR measurement is associated with intra-RAT ANR, the T321 is set with shorter value, because the UE has previously been connected to this RAT.

Further, in existing LTE, if the UE is allowed to use autonomous gaps in acquiring system information from a neighbour cell, i.e, si-RequestForHO is included in the reportConfig, then shorter value for T321 can be applied [12]. 

	36.331
3>
if the measObject associated with this measId concerns E-UTRA:

4>
if the si-RequestForHO is included in the reportConfig associated with this measId:

5>
if the UE is a category 0 UE according to TS 36.306 [5]:

6>
start timer T321 with the timer value set to 190 ms for this measId;

5>
else:

6>
start timer T321 with the timer value set to 150 ms for this measId;

4>
else:

5>
start timer T321 with the timer value set to 1 second for this measId;
3>
else if the measObject associated with this measId concerns UTRA:
4>
if the si-RequestForHO is included in the reportConfig associated with this measId:

5>
for UTRA FDD, start timer T321 with the timer value set to 2 seconds for this measId;

5>
for UTRA TDD, start timer T321 with the timer value set to [1 second] for this measId;

4>
else:

5>
start timer T321 with the timer value set to 8 seconds for this measId;
3>
else:
4>
start timer T321 with the timer value set to 8 seconds for this measId;


If the UE is configured with EN-DC, this UE is served by both LTE and NR RAT. The question is whether the ANR towards the NR cell belongs to Inter-RAT ANR or Intra-RAT ANR. Depends on Inter-RAT ANR or Intra-RAT ANR, it may impact the T321 value setting.

Question 2-4: For T321 value, which type of ANR behavior should an EN-DC UE measurement of NR cell follow?

A. Inter-RAT ANR

B. Intra-RAT ANR

	Company name
	Option?
	Comments

	vivo
	B
	For an EN-DC UE, both E-UTRA and NR are serving RATs. Hence, we think ANR towards NR is Intra-RAT ANR. 

	Nokia
	
	If reportCGI is configured by the eNB, then this is inter-RAT ANR. If reportCGI is configured by NR, then this is intra-RAT ANR.

	Huawei
	Depends which node configures the measurement
	For the MeNB, this is an inter-RAT measurement and should be treated as such (the timer value should be appropriate for measurements towards NR).  When the SgNB configures an ANR measurement, it can be treated as intra-RAT (the timer value should still be appropriate for measurements towards NR).  This will probably result in having the same timer value specified for the two cases, even though one is nominally inter-RAT and the other is nominally intra-RAT.

	ZTE
	
	For the terminology, we prefer to follow the principles: If reportCGI on NR cell is configured by eNB, then it is inter-RAT ANR; If reportCGI on NR cell is configured by gNB, then it is intra-RAT ANR.

But for the value of T321, since it is co-related with UE requirement(i.e identify cell timing delay), we think it can be discussed in RAN4 first.

	Intel Corporation
	-
	This should be checked with RAN4.

	DOCOMO
	-
	It depends on which RRC is used to configure the ANR measurement as already mentioned by the other companies.

	Ericsson
	
	This depended on the transceiver configuration of the UE, for example if the NR leg is in FR1 or FR2, and also if the NR cell is in FR1 or FR2.

	OPPO
	
	Based on our understanding, there is only one ANR event at a time, therefore, we agree that this depends on which node configures the ANR, and this is quite clear for the UE. Regarding the value, we don’t think RAN2 is the right place to discuss this issue.

	Samsung
	
	As MN configures, inter-RAT ANR but as SN configures, intra-RAT ANR


Summary of Question 2-4
9 companies provided input. 7 companies consider that, if reportCGI for NR cell is configured by eNB, then it is inter-RAT ANR; if reportCGI for NR cell is configured by gNB, then it is intra-RAT ANR.
1 company propose to consider for T321 value, EN-DC UE ANR measurement behavior of NR cell to follow Intra-RAT T321 value

1 company thinks the decision depend on the transceiver configuration of the UE.
Proposal 7: In of EN-DC, if reportCGI for NR cell is configured by eNB, then UE behavior follows inter-RAT ANR T321 value; if reportCGI for NR cell is configured by gNB, then UE behavior follows intra-RAT ANR T321 value. RAN2 sends an Ls to RAN4 to confirm RAN2 understanding
In LTE, the CGI is in SIB1, the repetition period of SIB1 is 20 ms. In NR the CGI is in RMSI, the period of SS burst set is {5, 10, 20, 40, 80, 160}. The TTI of RMSI is 160ms. We think we should also discuss what should be the value of T321 is in the following cases.
Question 2-5: For ANR measurement, what value of T321 should apply to the following cases?

A  UE served by LTE cell towards NR cell

B  UE served by NR cell towards NR cell

C  UE served by NR cell towards LTE cell

	Company name
	Option(s)?
	Comments

	vivo
	A: 480ms
B: 320ms
C: 160ms
	TTI of RMSI is 160, for UE served by LTE cell towards NR cell a considerable 3 times of RMSI TTI (480) may be acceptable to decode RMSI. For the case of NR cell towards NR cell, we think 2 times of RMSI TTI (320) is acceptable. For UE served by NR cell towards LTE cell, this case can be considered as for Intra-LTE T321, thus we suggest to 160

We understand that RAN2 may need RAN4 input on T321 value.



	Nokia
	
	We think RAN4’s input is required here.

	Huawei
	A, B: 2 s

C: 1 s
	These numbers are based on the case without si-RequestForHO.

For all cases, this should be based on the time to acquire in the target RAT.

If we scale strictly according to the TTIs for SIB1, it would be 8 seconds, which seems unnecessarily long.  But the LTE periodicity of SIB1 is 80 ms without considering repetitions, i.e. a UE at edge of coverage where combining of repetitions is required may take 80 ms to acquire SIB1.  Thus we consider that effectively the TTI of RMSI in NR is twice that in LTE and it could make sense to use a 2 second timer.

For measurements towards LTE, the 1 second value still makes sense.

	ZTE
	
	Similar view with Q2-4. More input from RAN4 is needed to define the timer length.

	Intel Corporation
	-
	This should be checked with RAN4.

	DOCOMO
	-
	We also think RAN4’s input is required.

	Ericsson
	
	This also depends on the UE transceiver configuration and whether the NR cell is in FR1 or FR2. Therefore, RAN4 should be consulted.

	OPPO
	
	As mentioned in previous question, we don’t think RAN2 is the right place to discuss this.

	Samsung
	
	RAN4 input is needed


Summary of Question 2-5
9 companies provided input. There is no clear decision on ANR measurement T321 value for: 

· UE served by LTE cell towards NR cell

· UE served by NR cell towards NR cell

· UE served by NR cell towards LTE cell

But most companies understand that the T321 value should be checked by RAN4. 

Proposal 8: RAN2 to send an Ls to RAN4 on guidance for T321 values in the following ANR measurement cases:
· UE served by LTE cell towards NR cell 

· UE served by NR cell towards NR cell

· UE served by NR cell towards LTE cell

2.3 UE capability

If the eNB/gNB requests a measurement reporting, the UE needs to comply with it. This applies also to the “reportCGI” measurement. Thus the eNB/gNB needs to know if the UE is capable of ANR towards NR neighbours, i.e. a capability bit may be needed for this purpose [5].

In LTE, UE capability to support for CGI measurement and reporting is described in [13] in terms of:

· intraFreqSI-AcquisitionForHO: This parameter defines whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition of relevant information from a neighbouring intra-frequency cell by reading the SI of the neighbouring cell using autonomous gaps and reporting the acquired information to the network

· interFreqSI-AcquisitionForHO: This parameter defines whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition of relevant information from a neighbouring inter-frequency cell by reading the SI of the neighbouring cell using autonomous gaps and reporting the acquired information to the network

· utran-SI-AcquisitionForHO:This parameter defines whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition of relevant information from a neighbouring UMTS cell by reading the SI of the neighbouring cell using autonomous gaps and reporting the acquired information to the network as specified in TS 36.331.

Similarly, support of UE capability can be considered for SA, NSA and inter-RAT ANR. And in RAN2#101 meeting, RAN2 agreed to introduce a capability bit in LTE for the capability of reportCGI towards NR neighbours (no differentiation between SA/NSA case).
In this section we discuss question related to UE capability for ANR support. 

Question 3-1: Does UE need to support both autonomous gap and/or DRX for ANR towards NR cell? 

	Company name
	Autonomous gap or DRX or both?
	Comments

	vivo
	Both 
	Same as LTE

	Nokia
	
	At least DRX based reading of ANR related information should be supported. Autonomous gaps may require more discussions and additional effort also from RAN4 side

	Huawei
	Both, with autonomous gaps as a UE capability
	There seems no reason to diverge from LTE here.

	ZTE
	
	Agree with Nokia.

	Intel Corporation
	-
	This should be checked with RAN4.

	DOCOMO
	-
	Agree with Nokia.

	Ericsson
	Automonous gaps
	

	OPPO
	Both
	Agree with previous comments

	Samsung
	DRX
	DRX can be supported. RAN4 input is needed for the autonomous gap.


Summary of Question 3-1
9 companies provided input. 5 companies think that DRX based reading of ANR related measurement should be supported. 4 companies support autonomous gap. Among those companies, 3 companies support both DRX and autonomous gap as in LTE.

5 companies see the necessity of RAN4 involvement and input on whether autonomous gap for ANR towards NR cell should be supported 
Proposal 9: For UE capability for ANR towards NR cell:

· a: DRX based reading of ANR towards NR cell related measurement should be supported

· b: RAN2 understands that autonomous gap for ANR towards NR cell is feasible. RAN2 to send Ls to RAN4 for further confirmation 
Question 3-2: If UE support autonomous gap, whether the autonomous gaps for ANR is also based on the EN-DC measurement gap capability, i.e. if the UE needs only the FR1 gap for inter-frequency measurement for RRM, then UE needs only the FR1 autonomous gap to acquiring system information from the NR neighbor cell for ANR? .
	Company name
	Yes/No
	Comments

	vivo
	Yes
	For neighbor cells, which UE uses FR specific gap to perform inter-frequency RRM measurement, UE can use FR specific rather than UE specific autonomous gap to acquire system information from the cells for ANR.

	Nokia
	Yes
	We are not sure about this question:

If the cell operates on FR1, then FR1 gaps are needed, if it operates on FR2, then FR2 gaps are needed. 

If the question is about whether we need additional capability for autonomous gaps in addition to FR1/FR2 gaps support, then probably yes. RAN1/4 may also be consulted on the subject.

	Huawei
	Yes
	In our understanding, if only the FR1 gap is needed for RRM measurements towards a particular NR cell, then only the FR1 gap should be needed for CGI reporting of the same NR cell.

	ZTE
	
	In our understanding, this is related with per-UE or per-FR gap capability, and the frequency of current serving cells(e.g. only FR1, or both FR1 and FR2...), so may be more appropriate to discuss this in RAN4 first.

	Intel Corporation
	-
	This should be checked with RAN4.

	DOCOMO
	-
	Agree with ZTE.

	Ericsson
	No
	There should be a separate capability for autonomous gaps

	OPPO
	
	Agree with ZTE, we are not sure about the answer to this question, and whether gpas for RRM measurement could be reused here or not. RAN4’s input is needed.

	Samsung
	Yes
	

	
	
	

	
	
	


Summary of Question 3-2
9 provided input. Only 4 companies think that if only the FR1 gap is needed for RRM measurements towards a particular NR cell, then only the FR1 gap should be needed for CGI reporting of the same NR cell. 1 company suggests to have separate capability for autonomous gap. But, based on Q 3-1 whether autonomous gap for ANR towards NR cell should be supported needs RAN4 input. Therefore,
Proposal 10: If UE support autonomous gap, RAN2 to send an Ls to RAN4 to ask whether it is feasible to use FR1/FR2 specific gap to perform ANR towards NR
Based on RAN4 agreement, UE can be configured to report SFTDs from up to three NR cells. From an ANR perspective, since if the UE can report CGI from more than one neighbour cell, the risk of preparing the wrong target cell may significantly be lowered [9].

Question 3-3: Does UE should support configuration of more than one NR neighbor cell for CGI reporting?
	Company name
	One cell or more cells?
	Comments

	vivo
	One
	Same as LTE. CGI measurement and reporting, for more than one cells would require UE to read SIB1 for each cell, this may delay UE HO.
ANR towards more than one neighbor cells can be achieved through individual configuration to individual neighbor cell.

	Nokia
	One cell
	Report CGI is only used occasionally in initial network deployments, network reconfiguration or re-dimensioning, new node additional etc. Reporting of multiple cells seems to be an overkill and would introduce additional delay to what is rather a delay critical procedure. It may also require many additional discussions such as: what happens in case information from only some of the requested cells can be read, how long should the UE read it, what is the order in which the UE reads information etc. The benefits on the other hand are very doubtful.

	Huawei
	One cell
	The baseline is to follow what we did in LTE.  Reporting more cells would require correspondingly more time and/or denser gaps and we are not certain that the use case justifies the increased interruption.

	ZTE
	One cell 
	Different from SFTD measurement, for reportCGI, UE has to read SIB1 of target cell, which will probably increase the time delay, so we prefer to take one cell as a baseline. 

	Intel Corporation
	No (Only one cell)
	ANR is different from SI reading for HO and there is no motivation to do more one cell in one ANR request

	DOCOMO
	One cell
	Since the CGI measurement needs more time than other RRM measurements to read MIB/SIB1, we prefer to keep one cell.

	Ericsson
	More cells
	There is already new legacy in the form of SFTD measurements where an LTE UE can report SFTD for up to three NR cells as per RAN4 input to the last meeting. Since SFTD requires some decoding, the additional effort to decode also CGI is minor, and therefore more cells should be considered. More cells have the benefit of avoiding the problems of preparing the wrong target cell that we have experienced in LTE.

	OPPO
	One Cell
	Agree to be same as LTE.

	Samsung
	One cell
	One cell looks enough. Reporting multiple cells seems an optimization

	
	
	

	
	
	


Summary of Question 3-3
9 companies provided input. 8 companies just want support for reporting one cell. As LTE UE can report SFTD for up to three NR cells, as per RAN4 input, 1 company proposes support reporting of more than one.
Proposal 11: For ANR CGI reporting, only one NR neighbor cell configuration is support at a time
Question 3-4: Which capability bit(s) in NR may be needed for UE capability of reportCGI towards NR and LTE neighbours:
A one bit to support intra-RAT intra frequency cell

B one bit to support intra-RAT inter frequency cell

C one bit to support LTE cell

D Other
	Company name
	Option(S)?
	Comments

	vivo
	Option A, B and C


	

	Nokia
	
	One bit for intra-RAT ANR support and one bit for inter-RAT (towards LTE) ANR support. If UE supports ANR and operation on a certain frequency it should also support ANR function for that frequency.

	Huawei
	D
	One bit to support intra-RAT cell (inter+intra frequency), and one bit to support LTE cell.  Also see next question.

	ZTE
	
	No strong view, and whether we need separate bits for SA case and NSA case? Maybe more input from RAN4 is needed. 

	Intel Corporation
	A, B, C 
	WE note that this question did not cover capability signaling in LTE.

	DOCOMO
	A, B and C
	Option A and B can be merged as mentioned by the other companies.

	Ericsson
	D
	Mandatory for the UEs, no need for bits

	OPPO
	A, B, C
	

	Samsung
	A+B, C
	We need one bit for A+B as ANR is UE optional. We see no reason to separate A and B. Accordingly, two bits: one for ANR itself, and the other for ANR to LTE cells.


Summary of Question 3-4
9 companies provided input. 7 companies agreed for one bit for Intra-RAT Intra+Inter frequency ANR support and one bit for inter-RAT towards LTE support. Further, 1 company proposes that UE capability of reportCGI towards NR and LTE neighbor as Mandatory for the UEs. 

1 company has no strong view on capability bit support for Intra-RAT and Inter-RAT towards LTE support.
Proposal 12: 
a. Introduce a UE capability bit in NR for Intra-RAT ANR (including inter and Intra frequency) 

b. Introduce a UE capability bit in NR for Inter-RAT ANR towards LTE cell. 

Different ANR implementation may affect support for CGI reporting as it relates to FR1 and FR2, e.g. different number of receive chains for the different frequency ranges [7]. This may require differentiation between FR1 and FR2

Question 3-5: Does UE capability for ANR need to differentiate between F1 and F2?
	Company name
	Yes/No
	Comments

	vivo
	No 
	See no reason to differentiate between FR1 and FR2

	Nokia
	No
	If the UE supports operation in FR1/FR2 it should also support ANR for that frequency.

	Huawei
	Yes
	We think support could be more difficult in FR2, so it could make sense to differentiate.

	ZTE
	No
	No strong view, maybe more input from RAN4 is needed.

	Intel Corporation
	-
	This should be checked with RAN4.

	DOCOMO
	-
	We have no strong opinion.

	Ericsson
	No
	Mandatory for FR1 and FR2 in NR SA

	OPPO
	Yes
	We don’t have strong view, but we agree with Huawei that it would be more difficult in FR2 than FR1 in our understanding.

	Samsung
	
	Probably, there may be a beam forming issue in FR2.

We can leave it to RAN1/4.


Summary of Question 3-5
9 companies provided input. 4 companies see no need to differentiate between FR1 and FR2. 2 company thinks ANR support in FR2 could be more difficult, thus support differentiating between FR1 and FR2. 1 company has no strong view and 3 company suggests checking with RAN4.
Proposal 13: For ANR support, RAN2 sees no need to differentiate between FR1 and FR2. RAN2 to send an Ls to RAN4 for further confirmation of RAN2 decision
2.4 ANR attributes for stage 2
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Fig. 1: Neighbor Relation Table
As described in fig 1, LTE ANR Neighbor Relation Table (NRT) consist of three fields: No remove flag, No Handover flag and No X2 flag. The NRT can be constantly update to add/remove new ANR neighbor relation and/or to decide whether HO should be supported between two neighbor cells [6]. Those attributes are useful in some cases as follows:

· No remove flag: Stipulates that the eNB shall not remove this cell from the NRT
· No Handover flag: Allows to block handovers between two neighboring eNB. When it is set to true the handovers are not initiated.
· No X2 flag: this attribute excludes the establishment of X2 interface to an identified cell and its serving eNB.
This section discusses whether SA ANR, NR ANR and inter-RAT ANR should also support similar LTE ANR attributes.
Question 4: Content of NR (neighbor relation) table in NR: should we introduce ANR attribute such as “No X2/Xn”, “No Ho” and “No Remove” as in LTE ANR?
	Company name
	Yes/No
	Comments

	vivo
	Yes 
	Same as LTE

	Nokia
	Yes
	

	Huawei
	
	This seems more in RAN3/SA5 scope.

	ZTE
	Yes
	

	Intel corporation
	
	Check with other relevant groups.

	DOCOMO
	Yes
	

	Ericsson
	Yes
	Makes sense.Maybe good to split into several Ho types.

	OPPO
	Yes
	Same as LTE

	Samsung
	
	It is no RAN2 issue.

	
	
	

	
	
	


Summary of Question 4
9 companies provided input. 6 companies supporting introduction of ANR attributes in Intra RAT and Inter-RAT toward LTE ANR similarly to LTE ANR attributes, i.e. “No X2/Xn”, “No Ho” and “No Remove”. 3 companies see the necessity of involving other WGs, such as RAN3 and SA5
Proposal 14: For Intra RAT NR and Inter-RAT toward LTE ANR, ANR neighbor table includes the following ANR attributes: “No X2/Xn”, “No Ho” and “No Remove”.  RAN2 to send an Ls to RAN3 and SA5 to inform RAN2 decision.
2.5 Others
Question 5: If there are any other discussion points, please provide them in this section.

	Company name
	
	Comments

	Ericsson
	
	Placement of the CGI cell list needs to be discussed. Confirm that we place cellsForWhichToReportCGI in the reportConfig, since this fields concerns a report config.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	 


Summary:
One company raises the following issue: issue: In which IE the CGI cell list should be placed?

We think, this can be discussed online.
Proposal 15: FFS where cellsForWhichToReportCGI for ANR CGI reporting should be included

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal1: For ANR, including Intra and Inter RAT cases, the following ANR configuration are supported:

· Inter-RAT ANR towards NR configured by eNB

· Intra-RAT ANR towards NR configured by gNB
· Inter-RAT ANR towards LTE configured by gNB
Proposal 2a: In case of EN-DC UE, ANR function towards NR cell can be configured by SN. FFS whether SN can configure ANR towards LTE cell.

Proposal 2b: RAN2 agrees that ANR function can be configured by SRB3. 

Proposal 3: In case of EN-DC UE, if one serving eNB/gNB configures UE to perform ANR, the non-configuring node should be aware. FFS whether non-configuring node is informed by configuring node or UE. 

Proposal 4: For ANR reporting, the CGI content includes:

· a: PLMN list, TAC, frequency band list and CGI as baseline

· b: FFS RANAC is also reported, if included in SIB1

Proposal 5: In the case SIB1/RMSI is not broadcast, UE should report a notification to network. UE report includes:

· a: “no SIB1 provided” indication
· b: FFS whether UE should also report where CD-SSB of the measured SSB can be found
Proposal 6: In the case SIB1/RMSI is not broadcast, UE should report UE should report “no SIB1 provided indication” without waiting for T321 timer expiry

Proposal 7: In case of EN-DC, if reportCGI for NR cell is configured by eNB, then UE behavior follows inter-RAT ANR T321 value; if reportCGI for NR cell is configured by gNB, then UE behavior follows intra-RAT ANR T321 value. RAN2 sends an Ls to RAN4 to confirm RAN2 understanding

Proposal 8: RAN2 to send an Ls to RAN4 on guidance for T321 values in the following ANR measurement cases:

· UE served by LTE cell towards NR cell 

· UE served by NR cell towards NR cell

· UE served by NR cell towards LTE cell

Proposal 9: For UE capability for ANR towards NR cell:

· a: DRX based reading of ANR towards NR cell related measurement should be supported

· b: RAN2 understands that autonomous gap for ANR towards NR cell is feasible. RAN2 to send Ls to RAN4 for further confirmation 

Proposal 10: If UE support autonomous gap, RAN2 to send an Ls to RAN4 to ask whether it is feasible to use FR1/FR2 specific gap to perform ANR towards NR

Proposal 11: For ANR CGI reporting, only one NR neighbor cell configuration is support at a time

Proposal 12: 
c. Introduce a UE capability bit in NR for Intra-RAT ANR (including inter and Intra frequency) 

d. Introduce a UE capability bit in NR for Inter-RAT ANR towards LTE cell. 

Proposal 13: For ANR support, RAN2 sees no need to differentiate between FR1 and FR2. RAN2 to send an Ls to RAN4 for further confirmation of RAN2 decision
Proposal 14: For Intra RAT NR and Inter-RAT toward LTE ANR, ANR neighbor table includes the following ANR attributes: “No X2/Xn”, “No Ho” and “No Remove”.  RAN2 to send an Ls to RAN3 and SA5 to inform RAN2 decision.
Proposal 15: FFS where cellsForWhichToReportCGI for ANR CGI reporting should be included
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