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Introduction
This is the email discussion report on [105#58][NR/MOB] Comparison of LTE and NR Conditional handover (Intel).
[105#58][NR/MOB]  Comparison of LTE and NR Conditional handover (Intel) 
-	Compare differences between LTE and NR. Consider both FR1 and FR2.
-	Discuss whether NR CHO is different (e.g. based on R2-1901362) than LTE (e.g. baseline in offline discusion 801, if it converges). 
	Intended outcome: Email discussion report (including technical differences between LTE and NR CHO).
	Deadline: Thursday 21/03/2019
Rapporteur would suggest to have two phases discussion:
Phase 1: Companies are invited to provide your view on:
1 Can LTE agreements be adopted as NR baseline;
2 NR specific issues and solutions proposed in RAN2#105;
3 Any other NR specific issues and solutions?
Deadline for phase 1: Monday 2019-03-18. 
Phase 2: Rapporteur will provide summary based on inputs from companies. Companies are invited to provide comments on the summary of technical differences between LTE and NR CHO; Deadline for Phase 2: Thursday 2019-03-21

Phase 1 discussion 
2.1 LTE agreements
RAN2#104
Agreements
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2	Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

Agreements
1	Support configuration of one or more candidate cells for conditional handover.
[bookmark: _GoBack]=>	FFS how many candidate cells (UE and network impacts should be clarified).

RAN2#105

=>	FFS how to include the CHO conditions in UE configuration
Agreements
1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 
4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).


Summary (use NR terminology):

1 CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2 Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
3 Support configuration of one or more candidate cells for conditional handover;
=>	FFS how many candidate cells (UE and network impacts should be clarified).
=>	FFS how to include the CHO conditions in UE configuration

4 The baseline operation for Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
5 The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 
6 RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
7 RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).


Question 1: do companies agree the above summary 1-6 and FFS are also applicable for NR?

	Company
	Yes or no
	remarks

	Nokia
	Yes
	The high-level proposals agreed so far for LTE could be applicable also for NR, if it is decided NR adopts CHO;)

	Ericsson
	Yes
	We see no reason to deviate from that. The progress is quite slow, and it would be a waste of time not agreeing with that. Also, handover in NR and LTE are very similar from RRC perspective.

	ETRI
	Yes
	We agree with Nokia and Ericsson.

	Qualcomm
	Yes
	We should agree to adopt these as baseline for NR CHO and not repeat the same discussions.

	InterDigital
	Yes
	

	vivo
	Yes
	We of cause need to prevent duplicated discussion for NR and LTE.

	Xiaomi
	Yes
	

	OPPO
	Yes 
	We agree the LTE agreements can also be applicable for NR.

	Spreadtrum
	Yes
	

	Intel
	Yes
	Same view as Ericsson and Nokia. 

	CATT
	Yes, except agreement 3
	All agreements except agreement 3 above is about the CHO procedure. Agreement 3 is inconclusive even for LTE with FFS on how many candidate cells and the inclusion of CHO condition for candidate cells. We think the necessity of multiple candidate cells for NR should be discussed taken into account NR features such as FR2, beamforming, etc.  

	Panasonic
	Yes
	We agree the above summary 1-6 and FFS are also applicable for NR.

	NEC
	Yes
	

	Samsung 
	Yes
	We also see that there is no reason to not agree the baseline in NR too. 

	Huawei, HiSilicon
	
	Yes or No. The above summary is the basics about CHO. The answer depends on whether CHO is adopted by NR. If CHO is adopted by NR, the answer to the above question would be yes. If CHO is not adopted by NR, the answer would be no. The question we have to answer first is still whether CHO is suitable for NR especially considering NR includes FR2 with beam forming. Careful evaluations are deserved before we make decision. 

	MediaTek
	Yes
	1. The ‘late packet forwarding’ can be triggered by either (1) UE sending a ‘bye’ message to source gNB, or (2) target gNB sending a packet forwarding request (Xn signaling). Since the choice may affect Xn signaling, RAN2 may need to decide on this before sending LS to RAN3.
Notice that in HF, we can consider the ‘bye message’ solution:
- In HF, the DL/UL imbalance is more severe than in LF. We can use UL beamforming to guarantee the UL transmission. 
- The mobility interruption in HF is much longer than in LTE. Considering the high data rate in HF, the signaling overhead is concerned in early data forwarding (interruption duration* data rate)
- Still latency is concerned for late data forwarding.

	LG
	Yes
	

	Apple
	Yes
	We think the above summary should be applicable to NR as baseline; however, some further study is needed to evaluate if it is already suitable for FR2 or some changes/updates needed to make it feasible in FR2.

	ZTE
	Yes
	We agree with above agreements. Regarding 7 it should be clarified that one single LS (for both LTE and NR) is enough.

	Sony
	yes
	


Summary: 21 companies provided view. 
16 companies agree the LTE agreements listed above are applicable for NR. 
4 companies agree that the LTE agreements listed above are applicable for NR if CHO is supported in NR.
1 company does not agree the agreements 3, i.e. multiple candidate cells. 
1 company would like to send one single LS for both LTE and NR for agreements 7. 

Based on the inputs from companies, Rapporteur suggests to go for majority. 
Proposal 1:The LTE agreements below are applicable for NR if CHO is supported in NR. 
1 CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2 Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
3 Support configuration of one or more candidate cells for conditional handover;
=>	FFS how many candidate cells (UE and network impacts should be clarified).
=>	FFS how to include the CHO conditions in UE configuration

4 The baseline operation for Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
5 The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 
6 RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
7 RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).	Comment by LG (HongSuk): Just for clarification: will a single LS to RAN3 sent or separate ones for LTE and NR?



2.2 NR specific issues and solutions
Following issues were discussed in the contributions submitted in RAN2#105:
As indicated in [3], 
Observation 1: NR UEs using directional antenna and operating in FR2 will attempt more HO due to change of antenna direction.	Comment by Ericsson: Only if beam change is considered to be a HO. If HO is still only between cells, then the cell size rather than the beam widths will govern how frequent the HOs are.
	Comment by Apple Inc.: To clarify the results, we counted only inter-cell beam changes as HO in that paper. Intra-cell beam changes were not considered as HO.
Observation 2: RSRP degradation due to rotation of NR UE using directional antenna and operating in FR2 can be significant.
As indicated in [4], additional challenges in NR are created by the beamforming aspect at higher and lower frequencies.
Extensions will be needed to capture the NR beamforming aspects. In particular, fall-back to contention-based random access (CBRA) may happen frequently with CHO, since the prepared beam(s) may get outdated due to the early HO Command.


Question 2: do companies agree the main differences between LTE and NR is FR2 and beamforming aspects?

	Company
	Yes or no
	remarks

	Nokia
	Yes
	The main difference would be the beamforming aspect, which may exist not only in FR2, but also in FR1. The more challenging propagation conditions in FR2 (highlighted in [4]) emphasize the need for CHO, but not necessarily impact the actual solution (i.e. the exact procedural aspects may remain the same).

	Ericsson
	We are not sure this is a Yes/No question.
	In our view beamforming in NR FR2 should affect mainly the triggering condition for CHO, which should consider beam information as input. The reasoning is that the network wants to use beam information to take handover decisions, but in CHO it is the UE that triggers the HO. Hence, to mimic the network decisions, the UE could use beam information as input for CHO triggering. We see no other impact of beamforming on FR2 to CHO in NR compared to LTE. We do not thing this would affect too much random access upon CHO execution in NR, as it seems to be hinted here. 

Could rapporteur clarify what optimizations are hinted?
[Rapp] I just listed issues mentioned in contributions in last meeting. So nothing behind that.

	ETRI
	Yes
	We agree with Nokia.

	Qualcomm
	Yes
	Beamforming is the important aspect, which is also applicable to FR1. NR can also support different SCS on different cells, which can impact measurement gaps but this part is also applicable to regular HO.

	InterDigital
	Yes/No
	We agree with Ericsson’s comment. The main difference is using beam information as input for triggering conditions. Furthermore, we note that there has not been any consensus that the observations 1 and 2 represent issues related to CHO. Therefore, our response should not be interpreted as an implicit endorsement of observations 1 and 2.

	vivo
	Yes
	We agree the difference for beamforming aspect, since the prepared beam may be not suitable when the condition is satisfied. If the network prepares RACH resources for all possible beams, it is a great waste of resources. 

	Xiaomi
	Yes
	These are the main difference between LTE and NR handover.

	OPPO
	Yes
	The main difference between LTE and NR is the beamforming aspect for both FR1 and FR2.

	Spreadtrum
	Yes
	Also for FR1.

	Intel 
	Yes
	The main difference between LTE and NR is beamforming aspects. But for NR itself, it should not be new problem since it exists for legacy NR HO. 

	CATT
	Yes
	FR2 and beamforming are the main difference of NR compared to LTE. With beamforming, not only the need for contention based RACH but also the reservation of dedicated RACH resources should be considered to avoid resource wastage. Moreover, multiple candidate cells exacerbate the situation. 

	Panasonic
	Yes
	The answer for Q2 is for sure yes, but we think the question is asking whether the main difference between LTE CHO and NR CHO is on FR2 and beamforming aspects. We share the same view as Nokia that such difference just emphasizes the need for CHO in NR; in terms of CHO procedure, there should be no difference or only minor difference between LTE and NR.

	NEC
	Yes
	These are the main difference. We also agree the beamforming aspect is also existing in FR1, while the big challenge is in FR2.

	Samsung 
	Yes
	In the motivation perspective, using FR2 in NR is the mostly demanding CHO, however, in the solution details, there might not be big difference between LTE and NR. 

	Huawei, HiSilicon
	Yes
	The main difference would be the beam forming with FR2. The reliability of CHO depends on effective UE mobility prediction based on the measurement and the reliability of the last step UE determined access to the target cell. Under high frequency both capability are compromised. In addition, under FR2 with beam forming, a UE may be able to point to one direction at one time. How to address the issue introduced by its implication should be seriously discussed.

	MediaTek
	Yes
	We’d better clarify what are the “aspects”: CBRA, signaling overhead, etc.

	LG
	Yes
	Agree with Nokia

	Apple
	Yes
	As shown in [3], RSRP can change significantly due to changes in antenna direction (like rotation) in FR2. Therefore, there is more HO attempts in FR2 with relatively shorter time of stay. We think beamforming and larger number of HO attempts in FR2 are the main differences between LTE and NR.

	ZTE
	Yes
	Yes, we agree that the main difference would be the beamforming aspect, especially on FR2. So when discussing the CHO solution in NR, we should figure out the detailed beamforming impacts, e.g. whether support to configure beam-specific CFRA resources, the beamforming impact on CHO conditions, etc.

	Sony
	Yes
	



Summary: 21 companies provided view. 
19 companies agree the main difference between LTE and NR is beamforming (for FR1 and FR2);
2 companies support to use beamforming information as input for trigger condition;
5 companies think this difference does not mean different solutions are needed for LTE and NR;

Based on the inputs from companies, Rapporteur has below proposal: 
Observation 1:The main difference between LTE and NR is beamforming (for FR1/FR2); FFS on whether NR specific solutions are needed to address beamforming 

As indicated in [5], 
Observation 4: the outdated beam-related information problem is more severe in the CHO because the time between the HO preparation and the HO execution can be quite long.

One of consequence is fallback to CBRA may happen frequently due to beam change as indicated in [4],. 
Question 3: for CHO, do companies agree that the outdated beam-related information problem is more severe in the CHO for NR?

	Company
	Yes or no
	remarks

	Nokia
	Yes
	More severe in CHO for NR than in legacy NR HO (or LTE CHO, which is the primary target of this thread?).

The long time between the HO preparation and the HO execution may lead to the issue that the target cell allocates CFRA resources for beams that may become outdated when executing the handover.

	Ericsson
	No
	In our view this discussion is irrelevant. The beam reporting in the discussion (i.e. during preparation, if configured) is only relevant in case the target wants to allocate CFRA for a subset of beams, e.g. if that target is very loaded. If the target allocates CBRA (or CFRA for all target SSBs/CSI-RS) this is not a problem.

	ETRI
	Yes
	We agree with Nokia.

	Qualcomm
	Yes
	Yes, compared to legacy NR HO and if the NW decides to use only specific beams for HO completion.

	InterDigital
	No
	We are not sure if this is serious problem, as the UE can always fallback to CBRA. It is also not clear if this impacts the robustness of CHO.

	vivo
	Yes
	We agree with Nokia. In this case, the UE may fallback to any SSB selection. 

	Xiaomi
	Yes
	We agree with the observation, but we are not sure whether this is a big issue for CHO. In our understanding, even in normal NR handover, this issue exists and UE is supposed to support fallback to CBRA.

	OPPO
	No 
	We share similar view with Ericsson and InterDigital. We are not sure if fallback to CBRA means some severe consequence. 

	Spreadtrum
	Yes
	The addressed beams in the target cells may become worse even disappear due to the later HO trigger, so the problem is more severe.

	Intel
	Yes
	The problem is more severe in CHO for NR than legacy NR HO. But as commented by others, it exists in normal NR handover, and fallback to CBRA is used. Therefore existing solution can be used. 

	CATT
	Yes
	We agree with the observation. In addition, the problem becomes even more sever with multiple candidate cells.

	Panasonic
	Yes
	Including the beam quality report in the measurement report has been challenged one time during the NR rel-15 discussion. Some companies think beam quality can change rapidly and thus doubt the usefulness of reporting beam quality. This is even more true for CHO as the time between the measurement report and the HO execution is much longer.

	NEC
	Yes
	We agree that the outdated CFRA resource usage due to (potentially long) timing gap between the HO preparation and HO execution. On the other hand. we have similar view as Intel regarding the fall back to the CBRA.

	Samsung 
	
	May be or may be not. As Ericsson said, this is only the problem when the target configures the CFRA resource to subset of beams. Assuming CFRA resource is not so scared, and this CFRA resource is allocated to each of beams (wide beam), then why do we have to consider the results of individual beams too ?

	Huawei, HiSilicon
	Yes
	We have similar analysis as Nokia. Due to longer time between the HO preparation and the HO execution for CHO than conventional HO, it is more likely beam-related information being outdate for CHO. It is an inherent problem for CHO in both LTE and NR. But the problem is more severe for NR due to the radio condition in high frequencies.

	MediaTek
	Yes for FR2
	For FR2, if there is a large number of beams, it may be uneasy to configure CFRA resources for a UE on many or even all beams, and thus outdated beam-related information may lead to CFRA failure.

	LG
	-
	Not sure that this problem is severe. However, RAN2 need to consider outdated beam-related problem for better mobility.

	Apple
	Yes
	Due to higher rate of RSRP change in FR2, we think this problem affects both legacy and conditional HO at least in FR2. It is probably more severe in CHO if CFRA is configured for only few number of beams.

	ZTE
	No
	Even in basic HO, there’s a relative long time between the HO preparation and HO execution. The reported beam information can also be outdated in basic HO. That’s why we allow the UE to fallback to the CBRA procedure.
Besides, we also agree that the issue is relevant if the target wants to configure beam specific CFRA resources. However, whether and how to configure CFRA resources (e.g. configure CFRA resources only on the reported beams or on a wider range of beams) is up to target decision. Nevertheless, the UE can fallback to use CBRA procedure to access the target.

	Sony
	No
	We are not sure if this is different to normal HO as pointed out by other companies. There may be a time lag in CHO compared to normal HO but UE radio conditions may change irrespective of it



Summary: 21 companies provided view. 
13 companies agree outdated beam information is more severe in CHO for NR than in legacy NR HO;
7 companies think the problem only exists in case the network provides CFRA for a subset of beams instead of all beams or CBRA;
7 companies think fallback to CBRA can be reused (as legacy NR HO);


Question 3a: for CHO, do companies agree that one of consequence of the outdated beam related information is fallback to CBRA may happen frequently due to beam change if CFRA is configured for a limited number of beams? And pls indicates if any other consequences. 

	Company
	Yes or no
	remarks

	Nokia
	Yes
	This is a potential consequence if multiple CFRA resources are not configured for the same CHO. 

	Ericsson
	No
	In our view, this fallback aspect seems a bit irrelevant at the moment. This fallback is used when CFRA is configured for a limited number of beams, which is a very specific case. In other words, this is like any other handover if network configures only CBRA and CFRA for all beams (more typical cases).

	ETRI
	Yes
	We agree with Nokia. In our view, it is common case that a single or a few CFRA resources are configured and reserved for the same CHO.

	Qualcomm
	Yes/No
	Yes, but only if single or few CFRA beams are allocated. Both Q3 and Q3a should be clarified that this is the underlying assumption here, which may not be a problem if NW chooses not to do this per Ericsson comment.
[Rapp] added the clarification for question 3a.

	InterDigital
	No
	Agree with Ericsson’s comment.

	vivo
	Not sure
	Fallback to CBRA can be a potential consequence. Another one may be determined by the UE.

	Xiaomi
	Yes
	Agree with Nokia.

	OPPO
	No
	We agree with Ericsson and InterDigital. We think this depends much on NW’s implementation on CBRA and CFRA configuration. If only CBRA is configured in HO command, then UE always starts with CBRA upon HO execution; if CFRA is configured for all beams, UE can always find a suitable beam for CFRA in the target cell.

	Spreadtrum
	Yes
	Due to later HO trigger, the target gNB needs to reserve the dedicated preamble(s) long.

	Intel
	Yes/No 
	If the network only configures CFRA for a limited number of beams, the fallback may happen frequently. But it should not be the serious problem. 

	CATT
	Yes
	This is a concern we have. Due to the gap between the CHO command and HO execution, the network needs to reserve dedicated resources much longer and the reservation may not even be used at the end as the UE falls back to CBRA.

	Panasonic
	Maybe
	Fallback to CBRA may happen more frequently if the target cell allocates the CFRA resource based on the outdated beam quality report. If target cell allocates more CFRA resources (extreme case: CFRA resources are allocated on all beams), fallback to CBRA may never happen.

	NEC
	Yes
	This would be the consequence considering the trade-off between the number of CFRA resources for CHO and that for other purposes.

	Samsung
	
	Fallback to CBRA when CFRA configured in subset of beams of target is not a special case even in legacy NR HO. I think this outdated beam for CFRA is not specific to only CHO case. 

	Huawei, HiSilicon
	Yes
	In addition to fall back to CBRA, the direct consequence would be increased service interruption and latency. The more serious consequence is that the outdated target beam information could leads to the UE losing of the candidate beams. HO failure is more likely caused by this factor under the scenario in FR2 the UE already loses the connection with the source node upon CHO is received.

	MediaTek
	Yes for FR2
	For FR2, maybe we should simply give up CFRA and adopt CBRA only.

	LG
	-
	Not sure that this problem can be happen frequently. We slightly agree with Qualcomm.

	Apple
	Yes
	Same as pervious question, this is a problem for both legacy and CHO in FR2. Fallback to CBRA is a disruptive outcome that should be avoided as the number of HO attempts is larger in FR2.

	ZTE
	No
	Similar as the response for Q3, even in basic HO, there’s a relative long time between the HO preparation and HO execution. The reported beam information can also be outdated in basic HO. In other words, even in basic HO, if the target configures CFRA resources only on the reported beams, it is likely that the UE would fallback to the CBRA procedure.

	Sony
	No 
	Same view as our response to Q3



Summary: 21 companies provided view. 
13 companies agree one of consequence of the outdated beam related information is fallback to CBRA may happen frequently due to beam change if CFRA is configured for a limited number of beams;
Companies who said “no” or “not sure”, believe there is no such problem if CFRA is configured for all beams or CBRA is used. 
No consensus on whether it is the severe problem or not. 

Based on the inputs from companies, Rapporteur has below observation: 
Observation 2: One of consequence of the outdated beam related information is fallback to CBRA (same as legacy NR HO) may happen frequently due to beam change if CFRA is configured for a limited number of beams; 


And candidate solution is proposed in [5] as
Proposal 3: RAN2 is requested to discuss that the UE reports the latest beam measurements via Uu HO execution indication to the source gNB upon the HO execution.

Question 3b: for CHO, do companies agree that the proposal 3 in [5] is a candidate solution to solve the issue?


	Company
	Yes or no
	remarks

	Nokia
	No
	Proposal 3 does not help as it comes too late (apparently as late as at HO execution?). In addition. HO execution indication may not reach the source gNB (in fact considering such step as a part of CHO scheme would challenge the motivation behind the entire solution). And what would be the value of such updating the source (and target) with latest beam measurements if anyway the UE will not get a new set of CF resources for RA?

	Ericsson
	It is not clear what the point of that solution really is
	The problem that is claimed here is that the beam measurements reported upon preparation (i.e. when network decides to configure CHO) and the time the UE executes the HO are different. Sure, we agree with that, and that is the whole point of CHO. 

In our view, the consequence of that is that CHO triggering conditions should consider beam measurement information, as hinted in the next question.

	ETRI
	Yes
	The UE does not need to get a new set of CFRA resources based on the latest beam measurements. In detail, the target gNB can configure multiple CFRA resources in the CHO based on the beam measurements in MR, but does not need to reserve these resources at this time. The UE can report the latest beam measurements or indexes of selected single or a few CFRA resources via HO execution indication to the source gNB just before the HO execution. The source gNB transfers it to the target gNB. After receiving the indication, the target gNB can reserve these resources for the UE.
With regard to the reliability, in most cases, HO execution indication can be successfully received by the source gNB by referring to TR 37.910 6.1. In an uncommon or rare case, if HO execution indication is lost, the UE can fallback to CBRA.
Similarly, in RACH-less HO, the target gNB can know when the UE accesses it by receiving the indication and start to allocate UL grants. It can prevent the failure of UL grant and the waste of UL resources.
In addition, HO execution indication option is the best solution to balance the interruption time and the amount of data forwarding in MBB HO and CHO.

	Qualcomm
	No
	This is against the basic premise of CHO. If the NW wants to rely on the latest UE measurements, it shouldn’t use CHO. It is also very likely that the UE may not be able to send the latest beam measurements to the source gNB due to deteriorating channel conditions.

	InterDigital
	No. Also, it does not address a valid issue.
	We agree with Ericsson. Furthermore, a mobility mechanism should not depend on the source link to be reliable at the time of HO execution. Relying on this message to reserve target resources seems error prone, for e.g. either the beam report may fail or the target doesn’t get indication from source in time before UE attempts RACH.

	vivo
	No
	CHO is introduced for one case that the UE may not be able to get to source gNB. This is not reasonable for the UE to report the latest beam measurements via Uu HO execution indication to the source gNB upon the HO execution.

	Xiaomi
	No
	Agree with Nokia, this indication may not be able to reach source gNB due to RSRP degradation. UE should fallback to CBRA or adopt alternative solution in this case.

	OPPO
	No
	We think this is similar to the “bye” message solution discussed earlier in LTE, and HO execution indication may not be reliably received by the source gNB.

	Spreadtrum
	Yes/No
	We think it’s better for the UE to indicate the latest beam measurement to the source gNB before it triggers handover. Once handover is triggered, it is challenging to obtain valid resources from source gNB to send this information, as the channel quality is worse.

	Intel 
	No
	Same view as Qualcomm. 

	CATT
	No
	This option has many disadvantages and not really address the issue. E.g, the UL/DL RRC signaling at this time are not a reliable. In addition, even if the source cell is notified, the latest beam related information needs to be forwarded to the target cell, since it is the target cell to allocate CF resources, which will increase additional standard effort over Xn

	Panasonic
	No
	Reporting the latest beam quality to the source gNB at the HO execution phase is too late and hence UE may not be able to receive the updated CFRA resource allocation in time. Moreover, the source gNB may not be able to receive the report during the HO execution phase.

	NEC
	No
	Agree with Qualcomm. Also, it is not sure whether such late indication is really helpful for the network.

	Samsung
	No
	CHO introduction is based on the vulnerability of link with the source cell. If CHO executed, in most case the link with source will be bad, and there is no guarantee the sent message will be successfully received.

	Huawei, HiSilicon
	No
	We share similar view as Nokia. HO execution is performed by the UE after CHO command has been issued. Any UE measurement at the moment of HO execution is already used by the UE for its action. Report the measurement to let the network to affect the HO execution is to involve network control for UE access to the target cell which against the philosophy of CHO. In addition, in FR2 with beam forming we could not assume the UE still has the connection with the source node after CHO command is received. Now it is the time to think the reason caused the “proposal 3” and review the motivation and philosophy of entire CHO solution. 

	MediaTek
	No
	Concerns on this proposal:
- The beam-level measurement report transmission to source gNB may be unreliable when UE is about to execute HO;
- Even we assume the beam-level measurement report is successfully received by source gNB, the source gNB needs to inform target gNB about beam change, receive confirmation, and then send another CHO command to UE? This procedure introduces significant delay and service interruption.

	LG
	No
	It seems not much helpful that source cell is required to coordinate configuration-level information after HO execution. If there are multiple CFRA resources, it is more natural that the UE just choose the more suitable one when trying to access to the target cell. 
We also agree with other companies that the source cell may not get the beam information with high possibility in the mobility cases due to channel condition.

BTW, we think that RAN2 needs to consider ‘bye’ message solution to transfer SN buffer quickly. Since it can be just one optional indication that it does not relate to HO success/fail, it may not require RRC-level signaling.

	Apple
	No
	Most likely UE won’t have a reliable link to the source if HO is triggered as a result of change of antenna direction. It can further delay making connection to the target cell as well.

	ZTE
	No
	Agree with other companies that the proposal is of no much help:
1). As commenyed by ETRI above, the configured CFRA resources are not reserved at the target until the reception of indication or beam measurement results from the source. We are wondering how this can work. For example, can these configured specific CFRA resources be allocated to other UEs? If the answer is yes, what if the UE select a beam whose CFRA resource has been allocated to other UEs? 
2). Unreliability of sending the new beam measurement results to the source cell.
3). Even if the updated beam measurement results can be received by the source, some new indication or beam measurement results should be forwarded to the target. As commented by ETRI above, the configured CFRA resources are not reserved at the target until the reception of indication or beam measurement results from the source. Unexpected error may occur due to the forwarding delay. For example, the UE has initiated random access to the target using the CFRA resource, while the resource is not considered as reserved yet in the target.

	Sony
	No
	Agree with others that it may be too late



Summary: 21 companies provided view. 
19 companies do not agree it is the good solution. 
Based on the inputs from companies, Rapporteur suggests to not agree this solution. 

As indicated in [6], should beam level quality be considered for the condition besides cell quality?

Question 4: for CHO, do companies agree that the beam level quality should be considered when define condition (for HO execution)?


	Company
	Yes or no
	remarks

	Nokia
	No
	In general, it should be up to the network to decide what to configure as a condition for HO execution. As a baseline the condition should be related to cell-level measurement. Beam measurements for target cell were also reported by the UE prior to CHO command and can be used, e.g. for CFRA resource reservation.

	Ericsson
	Yes
	In our view, this email discussion could have started here. Yes, beam measurement information should be considered as input to CHO trigger conditions. In general, we should first agree that Ax events (e.g. at least A3 is used as baseline). Then, the question is, what else could be used as input for CHO triggering? The answer relates to whatever network may want to use as input for ordinary handovers, such as measurement report based on RSRP and RSRQ, or beam measurement information.

	ETRI
	No
	We agree with Nokia.

	Qualcomm
	Yes
	In legacy HO, the UE can report beam measurements and the gNB can use these in making HO decisions. The same flexibility should also be supported in CHO. RAN2 can discuss multiple triggering conditions (e.g. based on both cell and beam level). Note that Rel-15 NR also introduced using beam level information for cell reselection based on the same reasoning that the gNB is not aware of beam quality in Idle mode.

	InterDigital
	Yes
	We think that the configuration of trigger condition should be flexible enough so that network can enforce any criteria as it would otherwise consider during baseline handover.

	vivo
	Yes
	As we discussed in Rel-15, UE should report the beam measurement results. Network may make the decision on handover based on cell level and/or beam level measurement results. It is reasonable for CHO to also follow this principle that beam level measurement results can be used for handover decision. 

	Xiaomi
	Yes
	Cell level quality is used to trigger the CHO and beam level quality is beneficial for the beam selection in target gNB.

	OPPO
	No
	We think cell quality-based condition should be baseline for UE to decide the target cell. Meanwhile we would also like to see what kind of flexibility can be achieved by beam quality-based condition.

	Spreadtrum
	No
	Handover trigger condition is based on cell level quality. UE can take beam level quality into account for the selection of target beam to access.

	Intel 
	
	We also agree cell level quality should be the baseline, and open to discuss whether beam quality could provide additional benefit or not. 

	CATT
	No
	Agree with Nokia, the condition for HO execution should be based on cell level and not on beam level.

	Panasonic
	FFS
	We think event A1-A5 should be considered as the baseline for the CHO execution conditions. It should be FFS whether we need to consider more conditions other than A1-A5.

	NEC
	No
	The basic mechanism (i.e. cell level mobility) should be kept, unless there is specific reason for this in the CHO.

	Samsung 
	No
	We agree with Ax event for the condition. However, for the beam level determination is too much since cell level measurement is used for the triggering the MR, and beam result is regarded as the side information in NR legacy HO. If beam result is necessary, then UE will report that in MR configured by the network before the CHO command, but the determination of CHO should be based on the cell level measurement. As in answer for the question 3, assuming CFRA resource is not so scared, and thus this CFRA resource is allocated to each of beams (wide beam), then why do we have to consider the results of individual beams too for CHO ?

	Huawei, HiSilicon
	Not now
	If CHO is adopted by NR, this is detailed design which will be further discussed.

	MediaTek
	Yes
	Cell quality is derived from beam quality, so anyway beam quality is considered. We may also define conditions (for HO execution) based on individual beam quality.

	LG
	Yes
	We agree that cell level quality should be baseline to be a triggering condition and beam level quality can be optional. But, in NR, the UE may need to consider the number of good beams when multiple candidate cells are configured.

	Apple
	Yes
	We think it is beneficial to keep the options open. 

	ZTE
	Maybe
	Agree with other companies that the CHO condition should base on the cell level results. And the beam measurement result is just some kind of side information. However, we are open to discuss whether to consider beam information as some kind of extra input.

	Sony
	Maybe
	We think cell quality should be the baseline. We agree that Ax events could be used as the condition.




Summary: 21 companies provided view. 
11 companies agree cell quality should be the baseline for CHO execution condition;
10 companies would like to consider beam quality at least as input for CHO execution;. 
Based on the inputs from companies, Rapporteur suggests:

Proposal 2: Cell level quality is used as baseline for CHO execution condition; FFS on whether beam quality is used as input for CHO execution condition. 


As indicated in [7], -in some situation in NR, there should be at least 6 prepared cells for CHO operation to achieve the similar level of HO performance as LTE.

Question 5: for CHO, do companies agree that in some situation, more prepared cells are needed for NR in order to achieve the similar level of HO performance as LTE ?


	Company
	Yes or no
	remarks

	Nokia
	No
	Difficult to speculate whether a higher number than in LTE is needed, when the only solid agreement we have for LTE is that there could be more than one candidate target cell. 

In general, we would be in favour of leaving the discussion about exact numbers to RAN4. They define the requirements on the number of detected cells per FR1/FR2, so appear to be competent to take similar decisions for CHO. 

	Ericsson
	
	Maybe. But what is the benefit of discussing this at this point in time?

	ETRI
	Yes
	In general, we agree that in some situation, more prepared cells are needed for NR in order to achieve the similar level of HO performance as LTE due to a fast link quality degradation and more challenging propagation conditions in FR2. However, it depends on the situation as stated in the question.

	Qualcomm
	Maybe
	Depends on the LTE outcome, whether a sufficiently large number is introduced for LTE. We can agree, as in LTE, that more than one is necessary.

	InterDigital
	
	We think that the first step is to agree that “NR supports configuration of one or more candidate cells for conditional handover”. Exactly how many cells need to be prepared can be discussed during stage:3, as this would need RAN4 input.

	vivo
	Yes
	We think more than one is necessary as considering the performance for CHO. This is the trade-off between performance and resource efficiency. Thus, what is the exact number can be further determined. 

	Xiaomi
	Yes
	But this doesn’t necessarily mean the NR should support more maximum cells than LTE. Because in the ‘situation’, LTE may not prepare maximum cells.

	OPPO
	
	We think this can be discussed in stage-3.

	Spreadtrum
	Maybe
	More than one prepared cells can improve the robustness of handover. We think the network would not simultaneously configure more candidate cells than LTE for UE. Since the network can manage RRC based on UE latest report before UE triggers HO, the network can modify the candidate cells for UE if some previous candidate cells are not suitable.

	Intel 
	
	We agree, it can be left in stage 3 discussion. 

	CATT
	No 
	Agree with Nokia and Ericsson that there is some level of speculation on this. Also we don’t see why we are discussing this in this email discussion or what conclusion the discussion tries to achieve.

	Panasonic
	
	Not sure what is the impact of Q6 to the specification.

	NEC
	
	We are open for now and this can be discussed in Stage 3 detail

	Samsung 
	Yes
	We agreed that there would be multiple candidate cells for CHO preparation. The reason to quote this is that, to check what number of cells to be considered is the next step as already chairman’s notes stated. Since the number of supported candidate cells directly affects the how much the signaling (i.e., sending MR for managing candidate cell set and receiving RRCReconfiguration msg with CHO command) would be invoked in baseline CHO. Through this, we can consider on whether there is any motivation to reduce this signaling overhead than LTE CHO. Since exact number is anyway not enough based on a single company’s simulation, we are open with this number. Related WG somewhat could be RAN4, however the simulation is based on the HO performance and system level simulation not only for the radio characteristics, which could be  covered by RAN2.

	Huawei, HiSilicon
	
	It is hard to say. Acknowledge that in general, more candidates may increase the chance of the UE hit one of the candidates. But it is really depending on the HO scenarios – how many cells involved at the border area where the UE located. Whether CHO in NR can achieve the performance in LTE is a good question for RAN4. 

	MediaTek
	Yes
	Since wireless channel varies faster in NR FR2, it is beneficial for UE to keep more candidates (prepared cells). Once quality of selected target cell suddenly drops, UE can execute HO towards another candidate cell, instead of declaring HO failure and falling back to RRC Re-establishment.

	Apple
	Yes
	Depending on the antenna direction of the UE, the best cell might not be an adjacent cell in FR2. This increases the number of potential target cells in FR2. Furthermore, the cell density is higher in FR2 than LTE.

	ZTE
	Maybe
	At this stage, we need just to agree some high level agreements as in LTE “NR supports configuration of one or more candidate cells for conditional handover”. The exact supported numbers can be discussed at stage3.

	Sony
	Yes
	Same view as Vivo 



Summary: 20 companies provided view. 	Comment by LG (HongSuk): To be corrected to 18?
6 companies agree in some situation, more prepared cells are needed for NR in order to achieve the similar level of HO performance as LTE
4 companies think this should be discussed in RAN4;
9 companies would like to discuss this later, or at stage 3;


Based on the inputs from companies, Rapporteur suggests to leave the exact number into stage 3. 	Comment by LG (HongSuk): Not clear about this suggestion. The question was whether more prepared cells are needed for NR compared to LTE. Referring to the answers I think the suggestion should be that  

this issue is still FFS and wait for feedback from RAN4.
-Working assumption is that number of prepared cells in NR is considered as same as in LTE.



Question 6: for CHO, any other NR specific issues, and solutions ?


	Company
	NR specific issues and solutions

	Nokia
	Maybe this is more a RAN3 issue, but RAN WGs may consider another NR-specific thing, such as CU-DU architecture and e.g. CHO under the same CU. 

	Ericsson
	There are many more urgent things to discuss for CHO. For the triggering conditions:
· Can we agree to have Ax events configurable as condition?
· Can we agree to have multiple trigger quantities configurable as condition?
· Can we agree to have beam information configurable as input?
· Can we agree that multiple RS type measurements is useful?

	Qualcomm
	Which RS to use should be discussed. For CHO, it is sufficient to rely on SSB and not use UE specific CSI-RS. Multiple trigger quantities (cell and beam etc.) should also be discussed.

	Intel
	We agree, CU-DU is NR specific issue, but it should be discussed in RAN3;
For trigger condition, we agree following are NR specific issue:
· Whether beam information as input;
· Whether multiple RS type is used, and which RS to be used;
For others, e.g. Ax events, multiple quantities, LTE also has this issues. 

	CATT
	Other high layer differences between LTE and NR are NR PDCP, QoS flow, CU/DU architecture, but these features have impact on the stage 3 details or RAN3 specification.

	Samsung 
	In our view, whether UE’s current measurement behavior needs any modification to support CHO in NR needs to be discussed. The following sub item can be further considered.
· Consideration for the UE to maintain the maximum candidate target cell for reducing signaling with the source cell

	Huawei, HiSilicon
	Most CHO issues are rooted in that the UE itself decides the final access to the target cell based on the network configuration. RAN2 should further study the service interruption issue with CHO, data forwarding issue with CHO, further study the need of the capability to exit CHO procedure and consider and compare with other alternatives. Through the study, RAN2 could determine whether CHO or other possible alternatives to be adopted for improve NR mobility reliability. 

	MediaTek
	Signaling overhead is our major concern for CHO in NR. For example, as suggested in previous question, more prepared cells are needed for NR in order to achieve the similar level of HO performance as LTE. This leads to increase signaling overhead.



Summary: 9 companies provided inputs. Rapporteur try to sort them in NR specific issue, and common issue for LTE and NR as below, and would like to discuss them in phase 2 if possible.: 
NR specific issues:
· Whether beam information is used as input for CHO execution Condition;
· Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS)?;
Impact stage 3 discussion, or related to RAN3:
· CU/DC, impact stage 3 discussion and related to RAN3;
· NR PDCP, flow based QoS (SDAP:) impact stage 3 discussion;

Common issues for NR and LTE:
· Ax as CHO execution condition?;
· Multiple trigger quantity for CHO execution condition; 
· Signaling overhead reduction for CHO;
· Service interruption caused by CHO;


Observation 3a: identified NR specific issues are:
· Whether beam information is used as input for CHO execution Condition;
· Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS)?;
Impact stage 3 discussion, or related to RAN3:
· CU/DC, impact stage 3 discussion and related to RAN3;
· NR PDCP, flow based QoS (SDAP:) impact stage 3 discussion;

Observation 3b: identified common issues for NR and LTE are:
· Ax as CHO execution condition?;
· Multiple trigger quantity for CHO execution condition; 
· Signaling overhead reduction for CHO;	Comment by LG (HongSuk): Where does this come from? I understood that this may be an issue if more prepared cells in NR are needed compared to LTE. Furthermore, we have not discussed yet about the number of prepared cells in LTE and any signaling overhead issues. Therefore, it might be good to remove this issue from the list.
· Service interruption caused by CHO;


Question 7: do companies agree above observation 3a/3b?

	Company
	Yes or no
	remarks

	Intel
	Yes
	

	OPPO
	Yes
	

	Xiaomi
	Yes
	

	Sony
	Yes
	

	Ericsson
	Partly
	We think the first one should be “Whether beam information is used as input for CHO execution condition”. Others are fine.
[Rapp] Added.

	Panasonic
	Yes
	Agree Ericsson’s modification. 

	InterDigital
	Yes
	Also fine with Ericsson’s modification.

	Huawei, HiSilicon
	Partly
	The impact from FR2 and possible CHO joint work under FR1 and FR2 should also be discussed.
[Rapp] So far only beam is identified, another any NR specific issue on FR2, or joint work on FR1/FR2?

	ETRI
	Yes
	Agree with Ericsson’s modification.

	NEC
	Yes
	

	CATT
	Yes
	

	ZTE
	Yes
	

	Qualcomm
	Yes
	


· 
Based on Company’s inputs, the identified differences between LTE and NR for CHO are listed as above. But these issues only impact the stage 3 details. 
Proposal 3: The identified differences between NR and LTE on CHO are:
· Whether beam information is used as input for CHO execution Condition;
· Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS)?;
Impact stage 3 discussion, or related to RAN3:
· CU/DC, impact stage 3 discussion and related to RAN3;
· NR PDCP, flow based QoS (SDAP:) impact stage 3 discussion;

Phase 2 discussion 
LTE has agreed CHO is supported as below. It would be good to confirm whether NR also needs to support CHO for robustness purpose. 
Agreements
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 


Question 3.1: do companies agree that CHO is also needed for NR as what we agreed for LTE?


	Company
	Yes or no
	remarks

	Intel
	Yes
	CHO has been agreed in LTE. For NR, the robustness is more challenge. Therefore CHO should also be supported in NR.

	OPPO
	Yes
	We agree with Intel.

	Xiaomi
	Yes
	

	Sony
	yes
	

	LG
	Yes
	Actually I wonder if we needs this discussion since RAN2 have already made similar agreement in NR at the last RAN2 meeting like below:
1. We will study at least conditional handover as one solution for handover robustness improvements
We should consider how solutions work in FR2.

	Ericsson
	Yes
	Agree with both Intel and LG.

	Panasonic
	Yes
	

	InterDigital
	Yes
	At least for NR FR1, CHO agreements made for LTE in RAN2#104 and RAN2#105 should be applicable. In addition, for NR FR2, CHO can address reliability issues associated with beamformed links.

	Huawei, HiSilicon
	No
	Before we have clear understand on the issues with CHO in NR and understand the possible solutions for NR (e.g. FR2 & FR1 + beam forming), we could not conclude the CHO scheme agreed in LTE can be simply applied to NR.

	ETRI
	Yes
	Agree with Intel.

	NEC
	Yes
	

	Samsung 
	Yes
	

	CATT
	Yes
	We agree with Intel

	ZTE
	Yes
	Agree with Intel and LG.

	Qualcomm
	Yes
	Agree that CHO would even provide more benefit to NR compared to LTE, especially for FR2 and NR-U and should be adopted. 

In response to HW: We all know how CHO works, at least at stage-2 level. Some NR specific stage-3 details will of course be discussed. If we had used the logic of not agreeing to something since all stage-3 has not been solved, 3GPP would have never introduced any new feature at all.




Summary: 16 companies provided view. 
14 companies agree that CHO should be supported in NR. 
2 companies would like to understand how CHO works for NR, especially FR2/FR1 and beam forming.  
Based on company’s inputs, there is clear majority to support CHO in NR for robustness purpose. 
Proposal 4: CHO is introduced in NR to solve robustness/reliability issue. 


3.1 NR specific issues
· Whether beam information is used as input for CHO execution;
This has been discussed in question 4, but no consensus. Rapporteur suggests to discuss this based on contribution. But companies can still provide comments if any, e.g. on proposal 2 in 2.2. 
Question 3.2: -	any comments on “cell level quality is used as baseline for CHO execution condition; FFS on whether beam quality is used as input for CHO execution condition”.?


	Company
	Yes or no
	remarks

	Intel
	Yes
	How to use beam quality information needs further discussion. 

	OPPO
	Yes
	We agree with Intel.

	Xiaomi
	Yes
	

	Sony
	
	Agree with Intel

	LG
	Yes/No for what?
	We are wondering if the case which is required to consider beam level quality can be frequently happened. We think that the triggering condition may be generally satisfied with once at a time, then, in the most of cases, the UE just executes HO to a target cell as soon as the triggering condition is satisfied.
Therefore, we think that it need to be considered but can be rarely happened that the UE needs to consider beam level quality unless there are multiple candidate cell which has satisfied with its triggering condition at the same time or the UE waits for another candidate cell after target cell selection.

	Ericsson
	
	Isn’t the word “condition” missing at the end of the proposal? We think it should be “cell level quality is used as baseline for CHO execution condition; FFS on whether beam quality is used as input for CHO execution condition “
[Rapp]Added.

	Panasonic
	
	Agree with Intel.

	InterDigital
	Yes
	Beam input for CHO execution should follow the same approach taken for cell reselection criteria, where the candidate was determined based on number of beams above the threshold among cells within a range. Also agree with Ericsson’s addition.

	Huawei, HiSilicon
	Not ready
	The proposal 2 in 2.2 is still not a clear solution in the beam forming scenarios in both FR1 and FR2. Before it is clear how the cell level quality is used in the solution, we are not ready to agree the baseline solution. 

	ETRI
	Yes
	Agree with Intel.

	NEC
	
	Similar view as Huawei. It would be better to (almost) make sure how the CHO in NR work based on the cell level quality. Then, further can discuss whether/how the beam quality can be used as input for CHO execution (i.e. condition).

	Samsung
	Yes
	Need further discussion on whether beam level quality as an CHO execution condition is necessary and if so, how to 

	CATT
	Yes
	We agree with Intel.

	ZTE
	Maybe yes
	Agree with LG that the beam quality may need to be considered only for the case that multiple candidates fulfill the CHO execution condition at the same time (i.e. the cell level quality triggers the CHO execution events). Not sure whether the situation would happen frequently or not. We are open to discuss whether to consider beam quality as an additional input for CHO execution.

	Qualcomm
	Yes
	Fine with using cell level quality, as defined in Rel-15 NR, as the baseline. We do see benefit on using beam specific triggers as explained below, which should be discussed further.



Summary: 16 companies provided view. 
13 companies agree to use cell level quality as baseline. 
3 companies would like to understand how cell level quality work first.
2 companies think the beam quality may need to be considered only for the case that multiple candidates fulfill the CHO execution condition at the same time (i.e. the cell level quality triggers the CHO execution events). But not sure whether the situation would happen frequently or not.

Based on company’s inputs, there is clear majority to use cell level quality as baseline for CHO execution condition and FFS on beam quality, i.e. proposal 2.   



· Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS)?;

Question 3.3: -	Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS) for CHO execution condition?


	Company
	Yes or no
	remarks

	Intel
	
	SSB only is sufficient. Do not use UE specific CSI-RS.  

	OPPO
	
	We think the RS type to be used can be configured by the network as part of the CHO execution condition, like measurement configuration for legacy HO.

	Xiaomi
	
	SSB is baseline. CSI-RS needs further discussion.

	Sony
	
	We think that this should be network decision and different RS type could be used between pre-configuration and CHO execution condition. 

	LG
	-
	SSB and dedicated CSI-RS can be used if configured but RAN2 should discussed how the multiple RS will be used when performing handover e.g. which one should be used firstly.

	Ericsson
	
	SSB, CSI-RS or both SSB and CSI-RS.

	Panasonic	
	
	Same as the measurement configuration, which RS to be used in evaluating the CHO execution criteria can be configured by the network. 

	InterDigital
	
	The network should have means to configure either SSB or CSI-RS for CHO execution condition.

	Huawei, HiSilicon
	
	This deserves more discussion for all types of RS with RAN1/4 input.

	ETRI
	
	Agree with Sony and InterDigital.

	NEC
	
	Network can control which RS type is used, either SSB or CSI-RS, but not both.

	Samsung 
	
	CHO should basically inherit from the legacy HO operation on determining HO (when and where to). With this principle, network should have means to configure the type of RS used. But if there is any case whether some restriction is necessary for UE’s CHO operation, then we need to discuss it. 

	CATT
	
	Agree with Xiaomi.

	ZTE
	
	In the traditional HO, the measurement report is only evaluated based on a single RS. The NW indicates which RS to use in the report configuration. Configuring only one single RS in the report configuration should be the baseline for CHO execution. Bearing this prerequisite in mind, we are open to discuss whether and how to consider multiple RS types for the CHO execution condition.

	Qualcomm
	
	SSB is cell specific and always transmitted so should be the baseline. CSI-RS is UE specific and having it configured for all cells and UE measurement is additional power and burden at the UE Note that the main purpose of CSI-RS is refined beam granularity compared to SSB, which may not as important for CHO since beam information will not be up to date anyway. 




Summary: 16 companies provided view. 
10 companies think that RS type is configured by the network;
4 companies think that SSB should be baseline; FFS on UE specific CSI-RS;
5 companies think whether and how to consider multiple RS types could be further discussed;

Based on company’s inputs, there is clear majority that RS type is configured by network. FFS on multiple RS types, and whether any restrictions. 
Proposal 5: RS type used for CHO execution condition, is configured by network. FFS on multiple RS types, and whether any restrictions. 


3.2 Common issues for NR and LTE
Common issues for NR and LTE:
· Ax as CHO execution condition?;
· Multiple trigger quantity for CHO execution condition; 
· Signaling overhead reduction for CHO;
· Service interruption caused by CHO;
· 
Rapporteur suggests to focus on first two issues in this email discussion. 


Question 3.4: -	Do companies agree to use events Ax as CHO execution condition? If yes, which events? 


	Company
	Yes or no
	remarks

	Intel
	
	A3/A5 kind of events can be reused as CHO execution condition. But the details can be discussed in stage 3. 

	OPPO
	Yes
	We think A3/A4/A5 events can be reused as CHO execution condition.

	Xiaomi
	
	Ax could be reused. Too early to exclude other alternatives.

	Sony
	
	Agree with Xiaomi that it is too early to exclude any event and should be network decision

	LG
	Yes
	A3, A5 can be triggering conditions basically. A2, A4 can be additionally used.

	Ericsson
	Yes
	A3 and A5 can be agreed now, FFS on others.

	Panasonic
	Yes
	A2, A3, A4, and A5 can be used as the conditions for UE to execute HO to target cell, while A1 can be used as the condition for releasing the reserved resources at the target cell(s). 

	InterDigital
	Yes
	A3, A5 can be starting point for trigger conditions. Other Ax conditions can be FFS.

	Huawei, HiSilicon
	
	This question depends on the further study on questions 3.2, 3.3. Ax currently defined in Rel-15 are cell level criteria. This question should be answered together with clear solutions associated with the questions 3.2, 3.3.

	ETRI
	Yes
	Agree with Ericsson and InterDigital.

	NEC
	Yes
	A3 and A5. Can further discuss about A4.

	Samsung 
	Yes
	CHO should basically inherit from the legacy HO operation on determining HO (when and where to). With this principle, Ax event should be used. But if there is any case whether some restriction is necessary for UE’s CHO operation, then we need to discuss it. 

	CATT
	Yes
	A2/A3/A4/A5 events are feasible to trigger the CHO execution. But the details can be discussed in stage 3.

	ZTE
	Yes
	At this stage, we should at least keep A3/A4/A5 on the table.

	Qualcomm
	
	The trigger for CHO should be based on both current cell being weak and finding a strong cell. Therefore, A3 and A5 are sufficient. The need and benefit for other events can be discussed further.



Summary: 16 companies provided view. 
14 companies think that Ax events can be reused for CHO execution condition; 
Regarding which events:
A3/A5: 11 companies
Additional A4: 6 companies;
Additional A2: 3 companies;


Based on company’s inputs, there is clear majority to reuse Ax events as CHO execution condition and most companies prefer A3/A5.  
Proposal 6: Ax is used for CHO execution condition and A3/5 as baseline, FFS on other events. The details can be discussed in stage 3. 


Question 3.5: -	Do companies agree to use -multiple trigger quantity for CHO execution condition? If yes, which quantity?


	Company
	Yes or no
	remarks

	Intel
	
	It is not CHO specific issue. It should be also applicable for measurement reporting. 

	OPPO
	
	We think trigger quantity for CHO execution condition can follow the same one used for measurement reporting and can be configured by the network.

	Xiaomi
	
	RSRP, RSRQ, RS-SINR should be supported.

	Sony
	
	The benefit of using multiple trigger quantity need further discussion.  

	LG
	No
	It depends on the network’s decision but we don’t see critical reason to must use multiple trigger quantity. If the UE performs the legacy HO, the HO can be decided by the previous measurement reporting which may be triggered by single trigger quantity. 

	Ericsson
	Yes
	RSRP, RSRQ, RS-SINR, maybe more. It should be applicable also for measurement reporting.

	Panasonic
	Yes
	Same as the measurement configuration, which quantity is used can be configured by the network.

	InterDigital
	Yes
	It should be possible for the network to configure any baseline NR measurement quantity (one of RSRP, RSRQ or RS-SINR) as a trigger condition for CHO execution.

	Huawei, HiSilicon
	
	This question also depends on the study under questions 3.2, 3.3. may need RAN1/4 input.

	ETRI
	Yes
	Agree with Panasonic.

	NEC
	
	Network can configure one trigger quantity from RSRP, RSRQ and RS-SINR, but not multiple quantities simultaneously.

	Samsung 
	
	CHO should basically inherit from the legacy HO operation on determining HO (when and where to). With this principle, network should have means to configure the quantity for the CHO execution condition. But it needs to be sure that single condition is only based on single quantity, i.e., not mix of multiple quantities, as legacy measurement behavior. 

	CATT
	
	Same as that for measurement reporting.

	ZTE
	
	Similar principle as for question 3.3. 
In the traditional HO, the measurement report is only evaluated based on a single trigger quantity. The NW indicates just one single trigger quantity (RSRP, RSRQ or RS-SINR) to use in the report configuration. Configuring only one single trigger quantity in the report configuration should be the baseline for CHO execution. Bearing this prerequisite in mind, we are open to discuss whether and how to consider multiple trigger quantities for the CHO execution condition.

	Qualcomm
	
	Agree with ZTE



Summary: 16 companies provided view. 
10 companies think that trigger quantity for CHO execution condition (RSRP, RSRQ or RS-SINR) should be configured by network; 
Regarding multiple quantity or single quantity, only few companies provide view. 



Based on company’s inputs, there is clear majority that trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. FFS on multiple quantities. 
  
Proposal 7: Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. FFS on multiple quantities. 


Note: issues not solved in the email discussion are to be discussed based on contribution;


Conclusion
Based on the inputs from companies in the email discussion, following observations and proposals are made:
Observation 1:The main difference between LTE and NR is beamforming (for FR1/FR2); FFS on whether NR specific solutions are needed to address beamforming 
Observation 2: One of consequence of the outdated beam related information is fallback to CBRA (same as legacy NR HO) may happen frequently due to beam change if CFRA is configured for a limited number of beams; 
Observation 3a: identified NR specific issues are:
· Whether beam information is used as input for CHO execution Condition;
· Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS)?;
Impact stage 3 discussion, or related to RAN3:
· CU/DC, impact stage 3 discussion and related to RAN3;
· NR PDCP, flow based QoS (SDAP:) impact stage 3 discussion;

Observation 3b: identified common issues for NR and LTE are:
· Ax as CHO execution condition?;
· Multiple trigger quantity for CHO execution condition; 
· Signaling overhead reduction for CHO;
· Service interruption caused by CHO;

Proposal 1:The LTE agreements below are applicable for NR if CHO is supported in NR. 
1 CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2 Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
3 Support configuration of one or more candidate cells for conditional handover;
=>	FFS how many candidate cells (UE and network impacts should be clarified).
=>	FFS how to include the CHO conditions in UE configuration

4 The baseline operation for Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
5 The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 
6 RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
7 RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).
Proposal 2: Cell level quality is used as baseline for CHO execution condition; FFS on whether beam quality is used as input for CHO execution condition. 
Proposal 3: The identified differences between NR and LTE on CHO are:
· Whether beam information is used as input for CHO execution Condition;
· Whether multiple RS type is used, and which RS to be used (SSB? UE specific CSI-RS)?;
Impact stage 3 discussion, or related to RAN3:
· CU/DC, impact stage 3 discussion and related to RAN3;
· NR PDCP, flow based QoS (SDAP:) impact stage 3 discussion;
Proposal 4: CHO is introduced in NR to solve robustness/reliability issue.
Proposal 5: RS type used for CHO execution condition, is configured by network. FFS on multiple RS types, and whether any restrictions. 

Common issue for LTE and NR:
Proposal 6: Ax is used for CHO execution condition and A3/5 as baseline, FFS on other events. The details can be discussed in stage 3. 
Proposal 7: Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. FFS on multiple quantities. 


Note: issues not solved in the email discussion are to be discussed based on contribution;
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