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1 Introduction

This document is for the following email discussion:
[106#42][NR/LTE/mob enh] CHO configuration (OPPO)


How to define the CHO configuration, how to update the configuration, how to configure the execution condition


Intended outcome: Report to the next meeting


Deadline:  Thursday 2019-08-08

2 Discussion

For the sake of information, below is the recap of RAN2#106 meeting agreements on LTE conditional handover.
Agreements

1 Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 

2
The source cell decides on the condition for the execution of CHO. 

3
The source cell adds the condition for the execution of CHO to the RRC message sent to UE.

4
Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.

5
CHO execution does not trigger measurement report.

6
A3/A5-like CHO execution condition shall be specified. 

Agreements for LTE conditional HO

1
Separate CHO execution condition(s) can be configured for each individual candidate cells.

2
Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering).

3
As a baseline CHO can be triggered based on a condition consisting of a single event, singe quantity.

3.1
The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR.

FFS Whether multiple triggering conditions are required.

4
Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates).

5
Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).

FFS if it might be possible to keep CHO candidates after the HO.

6
UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 

7
The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)

Working assumption:

8
At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.

9
At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
And RAN2#106 meeting agreements on NR conditional handover:
Agreements

2
The source cell decides on the condition for the execution of CHO. 

3
The source cell adds the condition for the execution of CHO to the RRC message sent to UE.

4
Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.

5
CHO execution does not trigger measurement report.

6
On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)
Agreements

1:
Separate CHO execution condition(s) can be configured for each individual candidate cells.

2
Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering)

3
As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, singe quantity.

3.1
The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR

3.2
The single RS type can be configured to be SSB or CSI-RS

FFS Whether multiple triggering conditions are required.
Agreements

1
Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates)

2
Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).

FFS if it might be possible to keep CHO candidates after the HO.

Agreements

1
UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 

2.
The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)

Working assumption (to be confirmed next meeting after checking further details)

3
At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed
4
At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed
The following discussion and questions are mainly set up based on review of companies’ proposals related to CHO configuration submitted to RAN2#106. 
2.1 How to define the CHO configuration? 
It has been agreed in RAN2#105bis that the CHO command contains at least the configuration information of target cell(s) and triggering conditions, but as part of CHO command, the format of target cell configuration is still FFS. As proposed in [1] [3] [4] [5] [6], RRC container is used to carry target cell configuration in the RRC message to be sent to the UE and source cell is not allowed to alter any content of the target cell configuration, which is very similar to the handling of legacy handover command. The following question is to check whether this can be the common understanding.  
Question 1  Do companies agree that “As part of CHO configuration to be sent to the UE, RRC container is used to carry target cell configuration and source cell is not allowed to alter any content of configuration from the target cell”?

a) Yes;
b) No;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a) Yes
	The source cell should determine whether to configure a cell as CHO candidate. Once it decides to do so, it sends a request to the potential candidate cell, and receives RRC configurations as a container if the potential candidate cell can serve as a candidate. The source cell should not modify the content of the RRC container.

	samsung 
	a
	

	NEC
	a) Yes
	RRC container is made by target (for confirmation)

	DOCOMO
	a
	

	Huawei, HiSilicon
	a)
	

	ITRI
	Yes
	Since the source cell could determine which cells will be the CHO candidates. It seems no reason for source cell to alter any content of the configuration from the CHO candidates.

	Spreadtrum
	a) Yes
	

	OPPO
	a) Yes
	

	CATT
	a)yes
	The same as in legacy HO command, the source cell is not allowed to alter the content of the HO command generated by the target cell.

	Intel
	a
	

	Xiaomi
	a)
	

	Ericsson
	a) Yes
	Seems reasonable

	Lenovo&MotoM
	a) Yes
	In legacy specification, part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB. 

	SHARP
	a)
	

	ZTE
	a)
	

	vivo
	Yes
	Similar as the legacy HO command. 

	Qualcomm
	a
	No reason to deviate from the legacy NR/LTE HO framework which is based on target cell generation of the transparent RRC container. 

	Panasonic
	a) Yes
	

	LG
	a)
	

	ETRI
	a)
	

	CMCC
	a)
	

	Nokia
	a)
	However, the source cell is responsible for building the final RRCReconfiguration with condition, etc.

	Apple
	a
	


It has been agreed in RAN2#106 that multiple CHO candidate cells can be sent in either one or multiple RRC messages and the signalling details are FFS. To facilitate the source eNB/gNB to configure multiple CHO candidate cells, add/mod list + release list are proposed to be used [3] [7] [8] [11]. It would be good to understand if this is the preferred option by companies.
Question 2  How to configure multiple CHO candidate cells?
a) Use add/mod list + release list;

b) Other options, please specify;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a)
	

	Samsung 
	a
	

	NEC
	a)
	List structure is useful for configuring an additional target cell after configuring the CHO to the UE via a separate RRC message.

	DOCOMO
	a
	

	Huawei, HiSilicon
	a)
	We have one minor comment regarding the mod handling.
At RAN2#106, RAN2 agreed that deconfiguration of CHO candidates is performed by RRC signalling. In addition, the handling add should be supported as it is fundamental design. However, it is our understanding that RAN2 did not explicitly agree to have mod handling (i.e. reconfiguration of previously stored candidate cells).

From our point of view, we do think that mod handling is useful so that it should be supported, otherwise the network has to always do “release+add” handling.

In general, we understand that if a) is to be selected, it means that reconfiguration of CHO candidates via RRC signalling is supported.

	ITRI
	a)
	

	Spreadtrum
	a)
	

	OPPO
	a)
	

	CATT
	a)
	This provides the signalling flexibility to add and remove a specific candidate cell.

	Intel
	a
	

	Xiaomi
	a)
	

	Ericsson
	a)
	Seems reasonable.

	Lenovo&MotoM
	a)
	

	SHARP
	a)
	

	ZTE
	a)
	

	vivo
	a)
	

	Qualcomm
	a)
	This is the standard way of handling multiple items subject to change in RRC. However, the question needs to be clarified whether it refers to the configuration of trigger conditions or also the target cell RRC configurations or both. The modification of target cell RRC requires more thinking as we comment in the questions below.

	Panasonic
	a)
	

	LG
	a)
	

	ETRI
	a)
	

	CMCC
	a)
	

	Nokia
	a)
	Add/Mod structure + release (comprising configuration IDs to be removed) shall be used.

	Apple
	a
	


One stage-3 issue is: which RRC message is used to send CHO configuration, e.g. RRCReconfiguration/RRCConnectionReconfiguration message or a new RRC message [7] [10] [11] [12]. 
Question 3  Which RRC message is used to signal CHO configuration?
a) RRCReconfiguration/RRCConnectionReconfiguration message;

b) A new RRC message;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a)
	In RRCConnectionReconfiguration / RRCConnectionReconfiguration message, we can introduce new IEs MobilityControlInfoCho / ReconfigurationWithSyncCho for CHO.

	Samsung 
	a
	

	NEC
	a)
	This is the simpler option, as most of the fields for normal handover, e.g. the mobilityControlInfo IE (for LTE) and reconfigurationWithSync IE (for NR), can be reused.

	DOCOMO
	b
	It is cleaner to separate RRC reconfiguration message for normal HO and CHO

	Huawei, HiSilicon
	FFS
	Firstly, we see that there are pros and cons for each solution, e.g. spec impacts, interactions with other signalling/procedures. Our initial thinkings are as below:

- for a), it might be easier, and might have less spec impacts

- for b), it seems a cleaner way than a) because CHO configuration will be separate from the exsiting handover configuration, and it may include lots of information and it may be further enhanced in the future

In addition, we think this question is related to Q11. In Q11, it is about whether source configuration can be updated in a RRC message containing CHO configuration. If the conclusion for Q11 is Yes, it may introduce redundancy for b), because some legacy Ies need to be introduced into the new RRC message.


	ITRI
	a)
	Using the RRCReconfiguration/RRCConnectionReconfiguration message to signal CHO configuration is enough. 

	Spreadtrum
	a)
	

	OPPO
	a)
	

	CATT
	a)
	Similar to legacy HO, RRCReconfiguration /RRCConnectionReconfiguration should be used.

	Intel
	
	The message can be reused, but MobilityControlInfo/ReconfigurationWithSync cannot be reused to indicate HO since it should be contained in container generated by target as in question 1. 

It would be good to see the changes first before make decision on this. 



	Xiaomi
	a)
	

	Ericsson
	b)Or FFS until stage 3 has been checked more.
	We agree with Docomo that it seems cleaner to use b), especially considering that we will have to have a container inside the message containing one RRCReconfiguration per target candidate. It could be a bit awkward to have RRCReconfiguration(s) and their associated conditions inside an RRCReconfiguration itself.

However, we agree with Huawei that we do not really have to decide this now, but rather make further progress on the measurement configuration related issue, the addMod/release list structure, etc i.e. what is inside these configurations, how to handle them to then decide if we can easily reuse the RRCReconfiguration.

	Lenovo&MotoM
	a
	Agree with Intel. RRCReconfiguration/RRCConnectionReconfiguration message can be reused. But, the structure for the message need to be changed.

	SHARP
	a)
	We slightly prefer to reuse the RRCreconfiguration message also for CHO. 

b) may have more spec impacts, however, for a), it also has spec impact, if we consider a RRCreconfiguration message will contains more than one entire RRCreconfiguration message(each for one candidate cell) when multiple candidate cells are configured.

	ZTE
	a)
	

	vivo
	a)
	

	Qualcomm
	a)
	For initial configuration of CHO, both can work. However, legacy reconfiguration will be better for updates to target cell RRC containers. In this case, if CHO update comes after source RRC reconfiguration in a separate message, there might be a situation where CHO is triggered during the time in between. It seems safer to reuse the legacy message where the UE can apply both source and target cell configuration. In addition, it would be preferable to configure all target cells in one message to prevent the issue of applying them at different times described in [7].

	Panasonic
	a)
	Same RRC messages can be reused but different containers (i.e., different from MobilityControlInfo/ReconfigurationWithSync) need to be specified to allow UE to distinguish whether the container is for traditional HO or for CHO.

	LG
	a)
	We expect a) has less specification impact

	ETRI
	a)
	Same view as MediaTek

	CMCC
	FFS
	Agree with Huawei

	Nokia
	a)
	The usual approach is to minimize the number of messages. As CHO configuration can be added as a non-critical extension part of RRCReconfiguration, we think this should be attempted. 

	Apple
	a (depending on Q4)
	It is preferred to reuse the message but if that requires sending the confirmation message as asked in Q4, we think we can define a new message not requiring L3 confirmation due to rapid changes of RSRP in FR2.


Currently, UE sends the RRCReconfigurationComplete message as response to the RRCReconfiguration message as long as UE can comply with the received configuration. In [1] [2], it is proposed that a complete message should be sent to the source eNB/gNB if the UE can comply with the received CHO configuration. The opinion in [6] is that L2 ACK is sufficient and there is no need for the complete message for confirming receipt and proper comprehension. The following question is to check companies’ views on the need of the complete message.
Question 4  Do companies agree that a RRC complete message is required for UE to confirm receipt and proper comprehension of CHO configuration to the source eNB/gNB?
a) Yes;

b) No;
	Company
	Preferred Option
	Comments if any

	MediaTek
	b)
	L2 ACK is sufficient

	Samsung 
	Both 
	According to the composition of RRC message including CHO configuration, there could be RRC complete message or not. There are three cases. 

· RRC msg including both the source cell configuration and CHO configuration at the same time. 

· RRC msg including only CHO configuration (multiple)

· RRC msg including only CHO configuration (single)

For example in [6], if RRC msg including the source configuration as well as CHO configuration, there should be the complete msg to the source node because the source configuration should not delayed but immediately respond to the serving node. 

On the other hand, if RRC msg only including single CHO configuration, there is no need of complete msg on reception. Only CHO completion requires the complete msg to the target node. 

Otherwise, i.e., if there are multiple CHO configurations in a RRC msg, then there could be a RRC complete msg if there is any compliance failed configuration. This complete msg can indicates the failed CHO configuration for informing the target node generated that configuration of the compliance failure.

	NEC
	a) Yes
	This seems necessary step for the source to confirm the RRC configuration is valid and successfully accommodated before continuing the communication (e.g. data tx/rx) with the UE in the source cell.

	DOCOMO
	a
	By sending RRC complete message to source, source could firstly confirm the reception of CHO command by UE and secondly could also decide to send a normal command or a new CHO command after that depending on load condition of the candidate cells. 

	Huawei, HiSilicon
	FFS
	We do not have strong opinion for the moment.

On one hand, it may lead to more failures due to transmission of the complete message if the radio condition between the UE and the source cell is not good enough; on the other hand, if there is no complete message, the robustness of the whole reconfiguration message may be questionable.

In addition, there may be lots of purposes for the source eNB/gNB to send the reconfiguration message, e.g. legacy HO command, add/mod/release of CHO candidate cells, reconfiguration of source cell configurations. It may be a question whether the UE should take different behaviours for different reconfiguration messages.

	ITRI
	b)
	The UE should not send the complete message to the source cell for confirming receipt and proper comprehension of CHO configuration.

The complete message responses to the RRCReconfiguration message is used to confirm whether the UE already applies the configuration within the RRCReconfiguration message. 

However, in CHO configuration in RRCReconfiguration message case, UE does not immediately apply CHO configuration after receiving the RRCReconfiguration message (It will depend on whether the conditions of CHO configuration are satisfied). If the intention of the complete message is used to confirming receipt and proper comprehension of CHO configuration, we will think that L2 ACK should be sufficient.

	Spreadtrum
	a)Yes
	The acknowledge is necessary.

	OPPO
	a) Yes
	As CHO configuration contains both CHO condition and target cell configuration, RRC complete message would be safe and reliable for source node to confirm CHO configuration is correctly received by the UE.

	CATT
	a) yes
	In our understanding, the reception of the RRC message should be confirmed via a RRC signalling. We don’t think L2 ACK is sufficient to confirm a RRC signalling.

	Intel
	
	To our understanding, in the CHO command, source will add execution condition generated by source, and the container generated by target. For the container the simple way is to reuse RRC reconfiguration message which is same as what we did for EN-DC. Then we can have two complete messages, one to source to confirm the completion of CHO command including configuration configured by source and configuration generated by target, and one to target when access the target cell. 

	Xiaomi
	a)
	Just like normal RRC reconfiguration procedure.

	Ericsson
	Both
	A complete message exists when any parameters at the UE are reconfigured. Since this is the case here a complete message seems reasonable too, to confirm the configuration of the triggering conditions. However, it the handover is executed immediately the UE should be allowed to omit it in order not to delay the handover (then there is only the complete message in the target). What is a bit interesting is that some companies who wanted to reuse the RRCReconfiguration for CHO configuration, now do not want a complete message? This is a bit weird.

	Lenovo&MotoM
	a
	Follow the legacy RRC reconfiguration procedure.

	SHARP
	b)
	We share ITRI’s view.

	ZTE
	a)
	

	vivo
	a)
	We think it is similar are the legacy RRC reconfiguration.

	Qualcomm
	A/B depending on use case


	A: If we end up using the RRC reconfiguration message for both source and CHO cells, then we agree with Samsung that both responses can be used depending on the contents.

B: If we use a separate message for CHO cell configuration only, L2 ACK can be sufficient to confirm that the UE received the CHO configuration. This will be similar to HO command and then the CHO completion will also be similar to legacy HO for execution of the CHO RRC container.

Once UE meets CHO execution thresholds, UE will release source connection (if CHO alone is configured) and applies CHO configuration for target cell. Upon successful new configuration applied for UE protocol stack, UE will send RRC Config Complete message to target cell.

	Panasonic
	a)
	After receiving the CHO configuration, source node still maintains the RRC connection with the UE. Therefore, a proper L3 ACK is required to synchronize the RRC status between the source node and UE. We don’t think L2 ACK can serve for this purpose.

	LG
	a)
	We agree with DOCOMO. The ACK information is essential to provide further configuration including CHO de-configuration. Considering that the timing of CHO configuration would be generally earlier than legacy handover timing and the UE wouldn’t perform mobility as soon as reception of the CHO configuration, RRC message can be used to indicate completion like other RRC signalling principle.

	ETRI
	b)
	Same view as MediaTek and ITRI

	CMCC
	FFS
	A message for confirming receipt and proper comprehension is necessary, but we need FFS about whether L2 ACK or RRC complete message is applied for this purpose.

	Nokia
	a)
	In general, the RRC Reconfiguration Complete is needed to have the consistent procedure. In the majority of CHO cases it should be feasible to send it to the source cell/gNB/eNB. 

	Apple
	b
	If the intention is to confirm the reception of the message then the L2 ACK is sufficient. Unlike legacy HO, the UE may not perform CHO for some time till the CHO condition is met. Therefore, sending the confirmation message won’t give more information to network while increasing the amount of signalling at UE and increasing the chances of message failures and retransmissions specially in FR2. 


There are cases that when CHO configuration is received, CHO execution condition for some candidate cell has been met. In this case, it seems that CHO execution would be preferred and there is no need to send the complete message to the source eNB/gNB, as discussed in [13] [14]. The following question is to check whether this is the intended UE behaviour.
Question 5  If your answer to Question 4 is “Yes”, do you think UE is still required to send the complete message to the source eNB/gNB if CHO execution condition for some candidate cell has been met when CHO is being configured?
a) Yes, UE still sends the complete message to the source eNB/gNB while/before executing the CHO;

b) No, UE should omit/cancel the complete message to the source eNB/gNB and execute the CHO instead;
	Company
	Preferred Option
	Comments if any

	MediaTek
	b)
	

	Samsung 
	b
	

	NEC
	a) Yes
	To keep consistent behaviour, the UE should send the RRC complete message to the source but does not have to wait for confirmation (e.g. HARQ, RLC ARQ).

	DOCOMO
	a
	We agree to keep consistent UE behaviour. 

	Huawei, HiSilicon
	FFS
	We do not have strong opinion. Our comments for Q4 can be also applied here.

	Spreadtrum
	b)
	Once UE decides to execute handover, it does not need to send the complete to source eNB/gNB, in order to reduce interruption.

	OPPO
	b)
	UE should not delay CHO execution due to having to send the complete message.

	CATT
	a) yes
	This is nothing to do with whether the CHO is executed or not. These are separate procedures. The UE is required to send the RRC complete message as response to/ acknowledgement of the reception of RRC message.

	Intel
	b
	We can follow existing HO procedure, the UE should access the target cell as soon as possible. 

	Xiaomi
	b)
	The reliability can’t be guaranteed

	Ericsson
	b)
	The source will anyway be notified when the UE accesses the target and, if the CHO is executed there is a likelihood that the link with source is degraded, which may anyway lead to a failure.

	Lenovo&MotoM
	b)
	Agree with Ericsson.

	ZTE
	b)
	In the normal handover procedure, all stored PDCP SDUs and PDCP PDUs for SRB would be discarded. The same behavior should be used in CHO, i.e. the UE should discard all stored PDCP SDUs and PDCP PDUs for SRB once initiating CHO execution. In this way, no complete message can be sent to the source cell.

Furthermore, if CHO execution condition for some candidate cell has been met at the time the UE receives the CHO configuration, it is likely that the channel quality of the serving cell may be bad upon handover execution, the UE may need to perform several retransmissions for the complete message, which would delay the time to access the target cell. The risk of handover failure would increase as a result, which definitely conflicts with the goal of introducing CHO.

	vivo
	Something like a)
	There is no need to introduce additional cancel behvior for the UE in RRC layer as the legacy procedure. But it is not expected any configuration from source if the source is release.

	Qualcomm
	b
	In this case, the UE should proceed with the CHO as it should not be required to monitor source cell. There can of course be conditions that the target cell configuration changed in the RRC message that the UE missed but the target cell can detect this from RRC-TransactionIdentifier and perform full configuration upon CHO completion.

	Panasonic
	
	We don’t have strong preference. Whether to send or not makes no big difference.

	LG
	b)
	Once CHO execution condition is met, UE should not be required to monitor its source cell since the UE may be already accessing the target cell, and in this case, UE does not have any pending complete message to send at all.

	ETRI
	b)
	

	CMCC
	b)
	If the CHO execution condition is met, the UE should perform the handover as soon as possible to avoid the HO failure.

	Nokia
	b)
	It would be desired to have consistent behaviour (as observed by NEC and DOCOMO). On the other hand, we believe the UE shall not delay the CHO execution and this shall be prioritized, rather than sending the complete message to the source. 

	Apple
	b
	It is probably not even possible to send that information at all in FR2


In case of CHO configuration failure, e.g. UE cannot comply with the received CHO configuration, UE behaviour needs to be defined. A simple way proposed in [15] is to follow the same procedure of RRC Reconfiguration failure, i.e. to trigger the RRC re-establishment procedure. Note that this may also relates to Question 3 on the exact RRC message to be used. If RRCConnectionReconfiguration/RRCReconfiguration message is reused for CHO configuration, then UE certainly follows the RRC Reconfiguration failure handling.
Question 6  What is the UE’s behavior if the UE cannot comply with the received CHO configuration?
a) Trigger RRC Re-establishment procedure;

b) Other options, please specify;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a)
	

	Samsung 
	b
	As in Question 4, 

According to the composition of RRC message including CHO configuration, there could be RRC complete message or not. There are three cases. 

· RRC msg including both the source cell configuration and CHO configuration at the same time. 

· RRC msg including only CHO configuration (multiple)

· RRC msg including only CHO configuration (single)

For example in [6], if RRC msg including the source configuration as well as CHO configuration, there should be the complete msg to the source node because the source configuration should not delayed but immediately respond to the serving node. 

On the other hand, if RRC msg only including single CHO configuration, there is no need of complete msg on reception. only CHO completion requires the complete msg to the target node. 

Otherwise, i.e., if there are multiple CHO configurations in a RRC msg, then there could be a RRC complete msg if there is any compliance failed configuration. This complete msg can indicates the failed CHO configuration for informing the target node generated that configuration of the compliance failure.

	NEC
	a) 
	This is the simplest way. We expect such an error case will happen very rarely.

	DOCOMO
	a
	

	Huawei, HiSilicon
	a)
	

	ITRI
	a)
	

	Spreadtrum
	a)
	Same as the current handling.

	OPPO
	a)
	This is the simplest way.

	CATT
	a)
	Follow the normal procedure if the ue cannot comply to the RRC message.

	Intel
	a
	This should be rare case.

	Xiaomi
	a)
	Like Reconfiguration failure.

	Ericsson
	a)
	Only if the UE cannot comply with the CHO configuration, not necessarily if the UE cannot comply with the target configuration to be applied at the actual handover. Then the UE shouldn’t trigger re-establishment until it tries to access that cell.

	Lenovo&MotoM
	a)
	Follow legacy procedure.

	SHARP
	a)
	

	ZTE
	b) Report the failed CHO configuration to the source cell in the complete message
	If the UE is unable to comply with any of the CHO candidate cells, the UE could report the failed CHO configuration to the source cell in the complete message.

	vivo
	a)
	Trigger RRC re-establishment procedure as legacy. 

	Qualcomm
	b)
	If the CHO configuration is only for the target cell RRC, then it is better to the check for compliance at the trigger time. If it fails, the UE can perform re-establishment as in legacy HO. There is no benefit of UE performing RRC check for all cells which may not be triggered. We want to emphasize that RRC reconfiguration failures will not be rare events in the early deployments of NR (based on LTE experience) so we should avoid performing costly recoveries unless necessary. It is also fine to leave the timing of the check to UE implementation. 



	Panasonic
	a)
	

	LG
	a)
	Re-establishment should be sufficient for the first release of CHO. Some optimization for partial success can be considered in the future release. 

	ETRI
	a)
	

	CMCC
	a)
	Follow the legacy procedure.

	Nokia
	a)
	We agree with predecessors, RRC Reconfiguration Failure should be issued. 

	Apple
	b
	Agreeing with Qualcomm


2.2 How to update the configuration?
Before discussing configuration update, it needs to be clarified on how UE should handle CHO configuration reception, e.g. how UE stores the CHO configuration. It was discussed in [1] that “full CHO configuration” can be stored in the UE side to decouple from source configuration update. Note that, this does not require CHO configuration have to be provided in a “full configuration” manner, e.g. in case of delta configuration, full CHO configuration is acquired based on source configuration and delta configuration. The other option is to store delta configuration only, then stored configuration may need to be updated each time when source configuration is updated [1]. The following question is to check companies’ preference between the two options. 

Question 7 Which option(s) should be used for UE to store CHO configuration?
a) Option 1: full configuration, which can be acquired based on source configuration and received delta configuration;
b) Option 2: delta configuration only, if received;

c) Other options, please specify;

	Company
	Preferred Option
	Comments if any

	MediaTek
	a)
	

	Samsung 
	a
	We don’t understand option 2 since final CHO configuration could be affected by the source configuration, and this will be explicitly configured by the target node. Therefore, there is no such case that only source configuration is changed, and CHO configuration is updated by UE itself based on deduction.
And moreover, rather than storing perspective, we think configuration options should be first investigated as this question. Whether to full configuration or delta configuration. And if delta, then which information should be the baseline. 

	NEC
	a) Option 1.. but
	should include the case where the target configures the CHO configuration in a full configuration manner. In this case, the UE just store the received configuration as it is.

Option 2 may not work, when the source changes its configuration after the CHO configuration. Or such later source re-configuration is prohibited (as discussed in Q10/11)? 

	DOCOMO
	a
	

	Huawei, HiSilicon
	a)
	For option 1, the stored configurations do not have to be updated when the configuration of source eNB/gNB changes.

	ITRI
	a)
	

	Spreadtrum
	a)
	Option 2 may not work if the source cell changes its configuration.

	OPPO
	a)
	Agree with Samsung and NEC that similar to legacy HO command, full configuration can also be used to provide CHO configuration.

	CATT
	a) Option 1
	We are not clear on how option 2 works. Option 1 is straightforward.

	Intel
	a
	

	Xiaomi
	a)
	Option a) is more efficient.

	Ericsson
	a)
	

	Lenovo&MotoM
	a
	

	SHARP
	a)
	

	ZTE
	c) No need to specify. Left to UE implementation.
	We think we don't really need to specify how the UE stores the CHO configuration. Instead, what we should specify is how the network ensures the configuration of the candidate cells stored in UE is correct. 

In the current specs, delta signaling always means delta configuration with respect to the existing source configuration. To avoid ambiguity and complexity, we propose to stick to the current understanding that the delta configuration of a candidate cell should always be the delta configuration to the existing source configuration. Given that, to ensure the configuration of the candidate cells stored in UE is correct, whenever the source configuration is updated, the source ensures the configuration of the candidate cell stored in UE is correct by the release+addition of candidate cells. While if the CHO candidate cell initiates the update of the configuration, the CHO candidate cell ensures the configuration of the candidate cell stored in UE is correct by a modification procedure. 

	vivo
	a)
	We agree with Samsung.

	Qualcomm
	a
	The UE will “store” the correct configuration, i.e. it will have the target cell configuration based on the latest RRC container from the target and the preceding source configuration one for delta comparison It can be assumed that this is the full configuration but nothing needs to be specified how the UE stores it. The important part is which baseline is used when the UE gets a delta configuration discussed below.

	Panasonic
	a)
	

	LG
	a)
	Full configuration that can be signalled as it is (FullConfig) or can be combined on top of source configuration. 

	ETRI
	a)
	

	CMCC
	a)
	Same as legacy HO.

	Nokia
	a)
	If DCCH message contained inside OCTET STRING is reused then delta signalling is not feasible (it is a bit pattern and each new signalling entirely overwrites the preceding). 

	Apple
	a
	


2.2.1 How to update the CHO configuration?
With the add/mod list + release list discussed in Question 2, source eNB/gNB can easily add or release a CHO candidate cell. To update CHO configuration for one candidate cell, two options were discussed in [1] [2] [3] [7] [8] [9] [11].

· Option 1: modify the existing CHO configuration;

· Option 2: release the existing CHO configuration and add the new CHO configuration within the same RRC message; 
It is noted in [1] that option 1 means delta configuration to the existing full CHO configuration, and the existing target cell configuration may already use the delta configuration to the source configuration, as is provided by the target eNB/gNB in the HO preparation procedure. 

As CHO configuration includes execution condition and target cell configuration, the following questions are to check companies’ views on options for updating execution condition and target cell configuration.

Question 8 Which option(s) can be used if CHO execution condition within CHO configuration is to be updated?
a) Option 1: modify the existing CHO configuration;
b) Option 2: release the existing CHO configuration and add the new CHO configuration within the same RRC message;

c) Other options, please specify;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a)
	We believe that an ‘xxxToAddModList’ can be used to modified existing CHO configurations, including both triggering conditions and target cell configurations.

	Samsung 
	a
	Besides initial configuration, We first need to confirm that update case is also based on the current source configuration and the delta from the target node (i.e, already question 7 covered the initial configuration case of CHO)
And further, regarding possible mismatch between UE and the target cell on CHO execution (for this, option 2 is thought to be listed up), we think each target configuration has its own transaction id and using this, always UE’s configuration version can be identified by the target cell.

	NEC
	b), and

maybe also a)
	Our understanding is that RAN2 agreed explicitly to support de-configuration (= release) of the CHO configuration but not agreed to support “update” of the CHO configuration.

RAN2 should first discuss the support/need of “update”, on top of “release and add” which can be done as per current agreement, if the network want.

Only if necessary, the Option 1 “modify” should be applicable only for condition update which does not impact on any other CHO configurations.

	DOCOMO
	a
	Option2 can be a baseline, modification of the existing CHO configuration is expected to be supported. 

	Huawei, HiSilicon
	a)
	

	ITRI
	a)
	It has been agreed in RAN2#106 that a CHO execution condition is defined by the measurement ID. Based on the agreement, we think the update of the CHO execution condition within CHO configuration could be similar to the measurement ID update. 

	Spreadtrum
	a)
	It is simple.

	OPPO
	a) and b)
	We think for updating CHO condition, both options can be used although option b) is a bit less preferable in that it introduces more signalling overhead.

	CATT
	a) Option 1
	Both signalling can be used. However we think option 1 provides signalling reduction.

	Intel
	a
	Source node can modify the execution condition if needed even if the candidate cell is not changed. 

	Xiaomi
	a)
	Option 1 is more efficient

	Ericsson
	a)
	AddMod list structure as discussed earlier can be used.

	Lenovo&MotoM
	a
	Option 1 can be more efficient for updating the condition for one candidate cell.

	SHARP
	b)
	We think add+release list is enough in most cases.

	ZTE
	a)
	The CHO execution condition is generated and added into the CHO command by the source cell. The update of the CHO execution condition only can be simply realized by the modification procedure. 

	vivo
	a) and b)
	Option b) should be the baseline. But Option a) can be also considered.

	Qualcomm
	a
	Since this is completely generated by the source gNB, modification is feasible and sufficient.

	Panasonic
	a) 
	It is easier and can reduce the signalling overheads

	LG
	a)
	Considering our answer to Q9, we’d like to have a simple and unified design.

	ETRI
	a)
	

	CMCC
	a)
	Update CHO configuration for one candidate cell, Option 1 is   sufficient and reduces the signalling overhead.

	Nokia
	a)
	AddMod structure may contain the list of CHO configurations. Each CHO configuration will include the CHO message from the candidate target, CHO Config ID and CHO condition. 

	Apple
	a
	Preferred to reduce signalling amount


Question 9 Which option(s) can be used if target cell configuration within CHO configuration is to be updated?
a) Option 1: modify the existing CHO configuration;

b) Option 2: release the existing CHO configuration and add the new CHO configuration within the same RRC message;

c) Other options, please specify;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a)
	(Please see our comment for Q8)

	Samsung 
	a
	This should be the delta signaling based on the current source configuration which is the question shown in the question 7.

	NEC
	b)
	Other than CHO condition (as discussed in Q8), release and add is clear and sufficient.

	DOCOMO
	a
	Same view as Q8

	Huawei, HiSilicon
	a)
	

	ITRI
	b)
	In the update of target cell configuration within CHO configuration case, we think that release and add is clear and sufficient.

	Spreadtrum
	a)
	Same as CHO execution condition modification. We think XXXToAddModList can be used to realize this modification.

	OPPO
	b)
	We believe that for target cell configuration, it would be simple to keep delta configuration always to the source configuration. Then option 2 would be clean as the old target cell configuration anyway needs to be released.

	CATT
	a) Option 1
	We don’t see the need for releasing existing CHO configuration in order to update it.

	Intel
	a
	Do not see why target node cannot modify the cell configured by itself. But if target wants to change to another cell, modification shall be not used.

	Xiaomi
	a)
	Option 1 is more efficient

	Ericsson
	a)
	AddMod list structure as discussed earlier can be used.

	Lenovo&MotoM
	a
	

	SHARP
	b)
	Option 2 is a clear and simple way.

	ZTE
	a) or b) depending on which node initiates the update.
	If the update is initiated by the source cell, e.g. due to the update of the source configuration, Option 2 (release and add) should be adopted.
If the update is initiated by the target cell, Option 1 should be adopted.

	vivo
	a) and b)
	Same as above reason.

	Qualcomm
	b
	B should be the baseline. Using modification of a current delta will be complicated for example when the source configuration also changes in the same message as the UE will have to consider both the new source and old target CHO combination as baseline.

	Panasonic
	a)
	Same as Q8.

	LG
	a)
	In b) if source cell configuration is updated before CHO configuration is updated, it may be ambiguous which source configuration between old or new one should be as reference. 

	ETRI
	b)
	

	CMCC
	a)
	Same as Q8.

	Nokia
	a)
	Similarly to what has been discussed in Q8.

	Apple
	a
	


2.2.2 How to update the source configuration?
As CHO configuration may typically not trigger UE to immediately leave the source cell and initiate access to the target cell, source cell configuration may still be updated before CHO execution, as discussed in [6]. Following questions are to check companies’ views on whether source configuration can be updated with and without CHO configuration.

Question 10 Do companies agree that source configuration can be updated in a RRC message not containing CHO configuration after CHO configuration is sent to the UE?
a) Yes;
b) No;

	Company
	Preferred Option
	Comments if any

	MediaTek
	a) Yes
	Since CHO has not been triggered, the network should not be prohibited from modifying source cell configurations.

	Samsung 
	a
	Update of some of the source configuration parameters needs the CHO configuration update simultaneously. Of course, update of other parameters need not.

	NEC
	a) Yes
	If not allowed, this may give negative restriction to the source. This is also impacting on the Q7.

	DOCOMO
	a
	It should be supported to update source configuration after CHO configuration is sent to UE.

	Huawei, HiSilicon
	a)
	It should be allowed. The UE may or may not perform CHO execution after it receives CHO command, so it means that the UE may stay in the source cell and continue the normal services for some time.

	ITRI
	a) yes
	

	Spreadtrum
	a)
	Before CHO is triggered, UE is still controlled by the source eNb/gNB.

	OPPO
	a) Yes
	CHO configuration usually does not trigger immediate CHO execution, and thus source configuration is still subject to be updated.

	CATT
	a) yes
	The source configuration should be able to be updated anytime.

	Intel
	a
	

	Xiaomi
	a)
	

	Ericsson
	a)
	Obviously yes, UE is still under network control.

	Lenovo&MotoM
	a
	Before CHO is executed, the source configuration can be updated.

	SHARP
	a)
	Before CHO is triggered, source cell is still in responsible to the UE RRC connection, so source cell can update UE configuration if needed.

	ZTE
	b)
	Let’s clarify first whether the CHO candidate configuration must be updated when the source configuration is updated. The issue can be considered for the following two cases:
Case1) The source configuration is updated due to CN configuration update, e.g. QoS flow release/addition, E-RAB release/addition.

In this case, the CHO candidate configuration needs to be updated anyway.

Case2). The source configuration update is due to the RAN itself, e.g. modification of radio resource configuration.

The issue is somehow related to the discussion for Q7. If we specify that, for CHO configuration, the UE should derive a full configuration and a following update is based on this full configuration, it is possible that in some cases the update of the source configuration would not cause the update of the CHO candidate configuration. However, on one hand, some new UE behavior should be specified in this case. On the other hand, considering that the time duration between the CHO preparation phase and the CHO execution phase should not be that long, a RAN initiated update could be avoided as much as possible by network implementation. For the rare case where a RAN initiated source configuration update is really needed, the simplest approach is to always update the CHO candidate configuration (i.e. without the need to identify in which cases the CHO candidate need not be updated).
Given that, for simplicity, we think the CHO candidate configuration must be updated whenever the source configuration is updated. And as replied for Q7, whenever the source configuration is updated, the source cell should release all the stored CHO candidate cells first and then add them back later.

	vivo
	a)
	The source cell can update some of the source configuration parameters at anytime, at least before handover execution. 

	Qualcomm
	a) for full configuration 
	This works if full configuration was used previously for the target cell. However, if delta configuration was used for CHO, it is not clear what baseline the UE can assume for the existing CHO configuration if no new CHO configuration is sent with source configuration update. We should have a consistent UE behaviour. It should be clarified whether the target CHO configuration should either use the latest source configuration or the one before CHO as baseline. 

	Panasonic
	a)
	As source node is still responsible for the UE RRC connection, it can update the RRC configurations even after issuing the CHO command.

	LG
	a)
	

	ETRI
	a)
	

	CMCC
	a)
	

	Nokia
	a)
	Yes, the CHO configuration (understood as the content of the OCTET STRING provided by the candidate target cell) can be skipped in the reconfiguration message, if just the source configuration (e.g. the condition) is to be updated. 

	Apple 
	a
	Source cell can be updated independently from CHO configuration



Question 11 Do companies agree that source configuration can be updated in a RRC message containing CHO configuration?
a) Yes;
b) No;

	Company
	Preferred Option
	Comments if any

	MediaTek
	a) Yes
	In normal handover, RRC configurations carried in a RRC message containing HO command is applied to the target cell. When the HO command is for CHO instead of normal HO, there is some confusion:

- Since CHO is not yet executed upon UE receives the configuration, the RRC configuration in the RRC message but outside CHO command should be applied to source cell.
- However, the network may also want to send configurations for UE to apply in the target cell which satisfies the CHO execution conditions.
- Therefore, we think that configurations for both source cell and CHO candidate cell can be included in a RRC message containing CHO configuration. Proper ASN.1 structure needs to be defined to separate the two parts.

	Samsung 
	a
	

	NEC
	a) Yes
	Generally this flexibility is fine. 

If none of updated source configuration impact on the CHO configuration), it is OK to send in the same msg.

On the other hand, if source configuration which is also impacting on CHO configuration is to be updated, further clarifications are necessary. One possible scenario may be as follows:

- the source decides to update its configuration but not yet send it to the UE.

- the source ask the target to prepare the CHO with “updated” source configurations, and the target replies with the CHO configuration.

- the source sends the RRC msg containing the updated source configuration and the CHO.

- the UE firstly applies the source configuration update and store the CHO together with source configuration in delta config case.

	DOCOMO
	a, but
	We prefer to separate the RRC message containing CHO configuration and RRC message containing source configuration. 

	Huawei, HiSilicon
	a)
	We think a) is flexible but with some complexities.

	ITRI
	a
	

	Spreadtrum
	a
	It needs to specify the UE handling behavior. For example, the UE needs to first apply the source configuration, then UE stores the CHO configuration based on the new applied source configuration if delta signaling is used by the candidate target cell. The source cell and the candidate cell needs to coordinate radio parameters based on the new source configuration in advance.

	OPPO
	Yes
	This should be allowed since otherwise network has to send source configuration update and CHO configuration in separate RRC messages.

	CATT
	a) Yes
	If the source configuration update sent to the UE together with the CHO command update, the UE should apply the source configuration first. 

	Intel
	a
	We just need to make it clear whether the delta signalling based on current updated source configuration in the same message or not. If yes, the source needs to forward it to target, let target use it to prepare the target configuration, and the UE needs to use it for delta signalling for target configuration. 

	Xiaomi
	
	We can accept it, but don’t think this is a normal case. Since source cell would normally prepare target cell based on existing configuration.

	Ericsson
	
	The main case we see the need for a source update at the same time could be the UE’s current measurement configuration where the network may want to add measurements for the CHO triggering. But anyway, it seems beneficial to be able to allow that.

	Lenovo&MotoM
	a
	CHO can be considered as normal reconfiguration.

	SHARP
	b)
	We prefer that the network delivers the RRC message for CHO command and RRC message for source cell reconfiguration separately to UE.

	ZTE
	a)
	

	vivo
	a) Yes
	We think updating source configuration can be in the same RRC message containing CHO configuration.

	Qualcomm
	a
	Yes

	Panasonic
	a)
	It allows source node to update the source configuration and setup the CHO configuration at the same time. Some overheads can be saved by sending just one message for two purposes.

	LG
	a)
	

	ETRI
	b)
	Same view as SHARP

	CMCC
	a)
	

	Nokia
	a)
	Yes, this can be flexibly packed into the same message, depending on the instantaneous need to update certain parts. 

	Apple
	a
	If RRC reconfiguration is used for CHO configuration


If your answer to Question 11 is “yes”, i.e., both source configuration update and CHO configuration can be included in the same RRC message, there is a follow-up question on how CHO configuration is signalled in this case. Following options were mentioned in companies’ contributions.
· Option 1: CHO configuration uses delta configuration based on the old source configuration;

· Option 2: CHO configuration uses delta configuration based on the updated source configuration; 

· Option 3: CHO configuration uses delta configuration based on the old CHO configuration;
Option 1 corresponds to the case where source eNB/gNB sends the old source configuration to the target eNB/gNB and receives the HO command which may use delta signalling based on the old source configuration. In the RRC message carrying target cell configuration to be sent to the UE, source eNB/gNB also includes updated source configuration which may also use delta signalling based on the old source configuration.
Option 2 corresponds to the case where source eNB/gNB sends the updated source configuration to the target eNB/gNB so that target cell configuration may use delta signalling based on the updated source configuration.

Option 3 is the same as option 1 in Question 8 and 9.
Question 12 If your answer to Question 11 is “Yes”, which option(s) can be used for signaling CHO configuration?
a) Option 1: delta configuration based on the old source configuration;

b) Option 2: delta configuration based on the updated source configuration;
c) Option 3: delta configuration based on the old CHO configuration;
d) Other options, please specify;
	Company
	Preferred Option
	Comments if any

	MediaTek
	b) Option 2
	This option cause less confusion. That is, when configurations of both source and CHO candidate cells are received, the UE always first updates the source cell, and then applies the CHO candidate configurations as delta configuration from the updated source cell configuration.

	Samsung 
	b
	We don’t understand option a is possible, since CHO configuration should be based on the newest source configuration. 

	NEC
	b
	as commented to Q11

	DOCOMO
	b
	Since CHO configuration is related to source configuration, it should be based on the updated source configuration. 

	Huawei, HiSilicon
	b)
	

	ITRI
	b
	

	Spreadtrum
	b
	

	OPPO
	b) and maybe also a)
	Both options can be used, depending on which source configuration the source node sends to the target node, i.e. old or updated source configuration. The question is whether to restrict or allow for such flexibility for network implementation.

	CATT
	c) Option 3
	The target can update the CHO command because 1). Source configuration is updated hence CHO needs updating 2). CHO command is updated without change of source configuration. 2) is discussed in Q9. 

We think update of existing CHO command should follow the same method regardless of what causes the update. Modification of existing CHO command is used in Q9, the delta signalling for CHO update should refer to the old CHO configuration. 



	Intel
	b
	Anyway, target needs to get the latest source configuration before preparation of target configuration unless full configuration is used or unless we do not allow target to update the configuration. 

	Xiaomi
	a) or b)
	Both options can work, as long as specified clearly.

	Ericsson
	b)
	The target nodes need to have the latest configuration anyway.

	Lenovo&MotoM
	b
	

	ZTE
	b)
	In the current specs, delta signaling always means delta configuration with respect to the existing (i.e. latest) source configuration. To avoid ambiguity and complexity, we propose to stick to the current understanding that the delta configuration of a candidate cell should always be the delta configuration to the latest source configuration.

	vivo
	b)
	The reason is that the UE should always update the source cell first.

	Qualcomm
	b
	The UE should always use the latest source configuration for delta.

	Panasonic
	Either a) or b)
	Same view as OPPO, but the spec needs to specify which option clearly to avoid the ambiguity.

	LG
	b)
	As long as the target is enabled to know the updated source configuration, b) would work fine. 

	CMCC
	b)
	

	Nokia
	b)
	It should be based on the latest configuration.

	Apple
	b
	


2.3 How to configure the CHO execution condition?
It has been agreed in RAN2#106 that a CHO execution condition is defined by the measurement ID which identifies a measurement configuration and CHO execution does not trigger measurement report. Note that source cell configuration may also contain a list of measurement IDs identifying a set of measurement configuration used to trigger measurement report. Interaction between these two kinds of measurement configuration needs to be considered. 
Question 13 Do you think CHO execution condition can always refer to a measurement ID configured in source configuration?
a) Yes;

b) No;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a) Yes
	

	Samsung 
	a
	Condition is determined by the source node, so it seems to be straightforward to use measurement ID in the source configuration.

	NEC
	a) Yes
	We understand the Q13 is about “FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering” in the agreements. 

And, it is assuming new list of measurement ID may be defined in the source configuration. With this understanding, we put a) Yes.

	DOCOMO
	a
	It is straightforward to use measId in the source configuration. 

	Huawei, HiSilicon
	a)
	For the answer Yes, we understand that CHO configuration does not include detailed measurement configuration, so it is good for singalling overhead and design.

	ITRI
	a
	

	Spreadtrum
	b
	If the source cell wants to configure different trigger conditions for different candidate cells of the same frequency, this solution requires the network to configure different measurement IDs for this frequency. Once the UE receives the measurement IDs for this frequency, the UE should perform measurements according to the current specification. We think this solution may lose flexibility, and increase the UE measurement burden.

	OPPO
	a) Yes
	

	CATT
	a)yes
	The measurement ID configured in source configuration could be referred in order to reduce signalling.

	Intel 
	a
	

	Xiaomi
	a)
	

	Ericsson
	a)
	Yes. This is one of the reasons we should enable to re-configure source’s measConfig with CHO configuration.

	Lenovo&MotoM
	a
	Agree with Huawei.

	SHARP
	a)
	

	ZTE
	a) 
	

	vivo
	a)
	

	Qualcomm
	a
	

	Panasonic
	a)
	

	LG
	b)
	In our view, reusing measId isn’t straightforward at all. The legacy measurement ID is linking measurement object and report configuration. Unless RAN2 define new type of measurement ID for CHO, RAN2 should consider unnecessary changes of the legacy measurement reporting procedure because configured measurement ID would be using for the legacy measurement reporting also.

	ETRI
	a)
	

	CMCC
	a)
	

	Nokia
	a)
	

	Apple
	a
	


Question 14 If your answer to Question 13 is “No”, where do you think the new measurement ID (maybe also measurement object ID and/or report configuration ID) for CHO execution condition should be defined?
a) In CHO configuration;
b) Other options, please specify;

	Company
	Preferred Option
	Comments if any

	Spreadtrum
	a)
	For this measurement ID, UE just evaluates the candidate cell, and does not need to evaluate the same intra-frequency neighboring cells as the candidate cell.

	LG
	a)
	We think report configuration ID is enough to check CHO execution condition since measurement object ID is not necessary to execute handover. Instead of the measurement object ID, candidate target cell ID (or cell list index) should be used. Then new measurement ID (i.e. execution condition ID) can be linking the cell ID and report configuration ID to support updating (add/mod) CHO configuration. 

	
	
	

	
	
	

	
	
	


For CHO execution, current baseline is that CHO can be triggered based on a condition consisting of a single event, single RS type (for NR only) and single quantity. It would be good to check companies’ views on the preference for multiple triggering conditions.

Question 15 Do companies support multiple triggering conditions for CHO execution?
a) Yes;

b) No;
	Company
	Preferred Option
	Comments if any

	MediaTek
	a) Yes
	

	Samsung 
	a
	

	NEC
	b) No (slight preference)
	We see some benefit of having multiple conditions, especially multiple RS type for the same target cell. But considering the UE complexity, we slightly prefer not to have multiple conditions in Rel-16.

	DOCOMO
	
	No strong view on this, it depends on the UE complexity for supporting multiple triggering conditions.

	Huawei, HiSilicon
	FFS
	We think the question is too general, and our views are as below:

1. For one cell, there is only one triggering condition

2. For more than one cell, the triggering conditions can be the same or different

	ITRI
	a
	

	Spreadtrum
	b
	We prefer b) for reducing the UE complexity.
If multiple triggering conditions are introduced, it’s too hard to define proper rules for candidate cell selection. Like in this scenario, some candidate cells only fulfill one triggering condition and other candidate cells fulfill two triggering conditions. Should all the candidate cells have the same number of triggering conditions? Do we need to define the rule that the candidate cells that fulfill more triggering conditions should be selected?

	OPPO
	b)
	We believe single triggering condition is the simplest way since UE anyway cannot collect exactly the same input as the source node with respect to HO decision making.

	CATT
	a)yes
	Multiple triggering conditions can be beneficial in some scenarios.

	Intel 
	a
	

	Xiaomi
	b)
	Single triggering condition is enough for one target cell.

	Ericsson
	a)
	We need multiple quantities to have equivalent performance to legacy HO, to certain extent. Therein the measurement reports may contain both quantities, which allows network to take a decision based on both. With CHO, if only one quantity is allowed, there is no possibility to keep that decision criterion based on RSRP and RSRQ.

	Lenovo&MotoM
	a
	Multiple conditions can improve the reliability.

	SHARP
	b)
	We do not have strong view, but slightly prefer one trigger condition can be enough to reduce the UE complexity.


	ZTE
	a) 
	We think it would be beneficial to configure more than one CHO execution condition for a single candidate cell in some situations.

Furthermore, even if it’s the simpler to specify a CHO execution condition based on a single RS type and a single quantity, in a real network deployment, the network may wish to handover the UE to a neighbor cell when multiple quantities (e.g. RSRP and RSRQ), or both RS types of the neighbor cell are good enough.
In legacy HO, when the UE reports a measurement report to the network, although it is triggered based on the trigger quantity, the network is able to estimate the other quantities included in MR. However, in CHO, the network cannot participate in the CHO execution condition judgment. Hence the network should be allowed to configure more than one execution conditions (i.e. more than one measID) for a single candidate cell, e.g. one condition configured with trigger quantity RSRP and the other configured with trigger quantity RSRQ. The UE attempts accessing the candidate cell when both the relevant conditions are met.

	vivo
	a)
	Multiple triggering conditions is beneficial for the reliability. 
More specific, we think one CHO command may contain multiple conditions. 

	Qualcomm
	a
	For legacy HO, this is a feasible implementation via multiple reports of different triggers so the same functionality should be supported for CHO.

	Panasonic
	a)
	Same view as Ericsson (to have equivalent performance as the legacy HO).

	LG
	a)
	Multiple triggering condition is beneficial for multiple target cell. But we also think a single triggering condition would be sufficient per target cell. Multiple triggering condition may be considered with a thorough analysis regarding its clear gain and induced complexity.

	ETRI
	b)
	

	CMCC
	a)
	Yes. the same flexibility of legacy HO should be supported for CHO.

	Nokia
	Open to discuss about a)
	On one hand, for simple and basic CHO design, a single condition would be sufficient (the UE has already measured and reported, possibly multiple quantities and RSs, the NW will choose from those and configure a single CHO execution condition). However, as observed by Ericsson et al., excluding multiple triggering conditions may limit the flexibility and performance in comparison to the legacy HO (when multiple parallel events are configured and trigger). Thus, we are OK to consider more than a single condition (e.g. with different measurement quantities). However, please beware of the impact of such step: new definitions for the measurement events, additional requirements to be specified in RAN4, etc. Is this effort justified somewhere, e.g. with performance results, proving multiple conditions bring certain gains? 

	Apple
	b
	Introducing multiple triggers will add to complexity and it should be  justified. 


In legacy HO, TTT mechanism is introduced for measurement report to avoid the Ping-Pong issue. In CHO, whether need to introduce a similar mechanism for triggering event/leaving condition should be discussed.
Question 16 Do companies think whether need to introduce the TTT configuration for CHO?
a) Yes;

b) No;
	Company
	Preferred Option
	Comments if any

	vivo
	a)
	TTT configuration and corresponding leaving condition should be introduced for CHO. 

If the trigger condition is satisfied, TTT is started. During TTT, if leaving condition is not satisfied. CHO should be executed. 

	LG
	a)
	

	ETRI
	a)
	We observed that a CHO variant without TTT outperforms a CHO variant with TTT and in a handover mechanism with TTT, there can be two problems: ‘downward’ HO problem and “HO to not best target” problem in [R2-1818049]. However, we also agree that TTT may provide benefits in some scenarios to mitigate the risk performing too early CHO execution. Moreover, it is better to give some flexibility in configuring the CHO execution condition.

	Nokia 
	a)
	

	Apple
	a
	It is possible to introduce TTT but we should note that given rapid changes of signal quality in FR2, time of stay might be short and adding large TTT may not work. It should be fine if network has the option of configuring small (or zero) values for TTT when needed. It is also possible not to introduce it and leave it to the UE implementation.  


With regard to the Q16, the current running CR in NR WI says, 
“7.
UE maintains connection with source gNB after receiving CHO configuration, and starts to evaluate the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the UE detaches from the source gNB, applies corresponding configuration for that candidate cell and synchronises to that candidate cell.”

A paper [4] pointed out a problem in evaluation of CHO execution condition that can mislead the UE’s behaviours. The problem is that if the UE starts to evaluate the CHO execution conditions after receiving CHO configuration, it can delay the CHO execution unnecessarily as shown in Table 1 [16]. Another problem is identified that the UE performs the CHO execution to ‘not best target’ as shown in Table 2 [16].
Question 17 Should RAN2 consider any solution to fix the problems in evaluation of CHO execution condition? If Yes, which option(s) can be used?
a) Option 1: not introduce the TTT configuration for the CHO execution condition;

b) Option 2: after receiving the CHO configuration, the UE starts to evaluate the CHO execution condition and the UE consider the entering condition is fulfilled based on past measurement results before the CHO configuration (, however this mandates that the UE keeps some past measurement results);

c) Option 3: the CHO execution condition can be configured using RRC Reconfiguration procedure and the UE can start to evaluate the CHO execution condition even before receiving the CHO configuration;
d) Other options, please specify;
e) There is no problem in evaluation of CHO execution condition with the current running CR, please justify;
	Company
	Preferred Option
	Comments if any

	ETRI
	c)
	Option 1 is not acceptable as our response to Q16. Option 2 is not acceptable because it mandates that the UE keeps some past measurement results.

	
	
	


3 Summary and Proposals
This secton summarizes the discussion.

In Q1, all companies agreed that RRC container is used to carrier target cell configuration and source cell is not allowed to alter any content of configuration from the target cell.

Proposal 1 As part of CHO configuration to be sent to the UE, RRC container is used to carry target cell configuration and source cell is not allowed to alter any content of configuration from the target cell.

In Q2, all companies agreed to use add/mod list + release list to configure multiple CHO candidate cells.

Proposal 2 Use add/mod list + release list to configure multiple CHO candidate cells.

In Q3, majority (18 out of 23) companies preferred to use RRCReconfiguration/RRCConnectionReconfiguration message to signal CHO configuration, 2 companies preferred a new RRC message, and 3 companies preferred to leave it FFS in stage-3.
Proposal 3 Enhance the RRCReconfiguration/RRCConnectionReconfiguration message to signal CHO configuration.

In Q4, 13 companies (including Intel according to the replied comments) replied that a RRC complete message is required for UE to confirm receipt and proper comprehension of CHO configuration. 5 companies indicated no need for the complete message. 3 companies indicated both and 2 companies indicated FFS (rapporteur assumed that FFS means both). In total, 18 out of 23 votes go to a).
Proposal 4 A RRC complete message is required for UE to confirm receipt and proper comprehension of CHO configuration (execution condition, FFS target cell configuration) to the source eNB/gNB. FFS whether the UE is required to check the compliance of the target cell configuration within CHO configuration upon reception or whether it is allowed to check upon execution.
In Q5, 4 companies replied that if UE CHO execution condition for some candidate cell has been met when CHO is being configured, UE still needs to send the complete message to the source eNB/gNB. 15 companies agreed that UE should omit/cancel the complete message. 2 companies didn’t indicate preference. Rapporteur suggests to go for majority views, i.e. b).
Proposal 5 If CHO execution condition for some candidate cell has been met when CHO is being configured, UE should omit/cancel the complete message to the source eNB/gNB and execute the CHO instead.

In Q6, 19 companies agreed that UE should trigger re-establishment if it cannot comply with the received CHO configuration. 2 companies mentioned the option that failed CHO configuration should be reported in the complete message. 2 companies proposed to check for compliance at the trigger time. Rapporteur suggests to go for majority views, i.e. a).
Proposal 6 Re-establishment is triggered if the UE cannot comply with the received CHO configuration.

In Q7, 22 companies agreed that UE should store full CHO configuration and 1 company proposed to leave it to UE implementation.
Proposal 7 UE should use full CHO configuration for CHO execution and the full CHO configuration can be the received full configuration or can be acquired based on source configuration and the received delta configuration.
In Q8, for the issue of updating CHO execution condition, 19 companies selected option a), 1 companies selected option b), and 3 companies selected both options. Option a) is the majority view.
Proposal 8 CHO execution condition can be updated by modifying the existing CHO configuration.

In Q9, for the issue of updating target cell configuration, 15 companies selected option a), 6 companies selected option b), and 2 companies selected both options. Some companies supporting option a) commented that delta configuration should be based on the source configuration, which is different from the original interruption of option a), i.e. delta configuration to the existing full CHO configuration. Rapporteur suggests to go for majority’s views (17 out of 23 votes) and meanwhile to discuss whether delta signaling should be based on the current source configuration or the current CHO configuration.
Proposal 9 Target cell configuration can be updated by modifying the existing CHO configuration. RAN2 needs to discuss details of the modification procedure.
In Q10, for the issue of updating source configuration in a RRC message not containing CHO configuration, 22 companies voted option a): Yes and 1 company voted option b): No.

Proposal 10 After CHO configuration has been sent to the UE, source configuration can be updated in a RRC message not containing CHO configuration.
In Q11, for the issue of updating source configuration in a RRC message containing CHO configuration, 20 companies (assuming Ericsson indicated “Yes” based on the comments) voted option a), 2 companies voted option b), and 1 company didn’t think this is a normal case. 
Proposal 11 Source configuration can be updated in a RRC message containing CHO configuration.

In Q12, for delta signalling options of signalling CHO configuration together with source configuration, 3 companies indicated both option 1 and option 2 can work, 17 companies selected option 2, and 1 company selected option 3. Option 2 is the majority view.
Proposal 12 If proposal 11 can be agreed, when CHO configuration and updated source configuration are sent in the same RRC message, CHO configuration can be delta configuration based on the updated source configuration.
In Q13 and Q14, 21 companies agreed that CHO execution condition can always refer to a measurement ID configured in source configuration. 2 companies expressed the opposite opinions.
Proposal 13 CHO execution condition can always refer to a measurement ID configured in source configuration.
In Q15, for the issue of multiple triggering conditions for CHO execution, 14 companies supported using multiple triggering conditions, and 8 companies believed that single triggering condition is sufficient (Huawei’s comments are interpreted as indicating “No” since the question was intentionally asked for a single candidate cell). 1 company didn’t have strong view (rapporteur assumes that this means both options are ok). 15 out of 23 votes go to a), but still 9 votes go to b). Rapporteur suggests RAN2 to make decision in online discussion.
Proposal 14 RAN2 to decide whether having multiple triggering conditions for CHO execution of a single candidate cell.
For Q16 and Q17, since questions were added quite late and many companies didn’t provide input, rapporteur suggests RAN2 to discuss during the meeting.

Proposal 15 RAN2 to decide whether to introduce TTT configuration for CHO and whether there are any problems to be fixed due to TTT’s introduction.
Based on companies’ input, proposals achieved by this email discussion are shown as follows.
Proposal 1
As part of CHO configuration to be sent to the UE, RRC container is used to carry target cell configuration and source cell is not allowed to alter any content of configuration from the target cell.
Proposal 2
Use add/mod list + release list to configure multiple CHO candidate cells.
Proposal 3
Enhance the RRCReconfiguration/RRCConnectionReconfiguration message to signal CHO configuration.
Proposal 4
A RRC complete message is required for UE to confirm receipt and proper comprehension of CHO configuration (execution condition, FFS target cell configuration) to the source eNB/gNB. FFS whether the UE is required to check the compliance of the target cell configuration within CHO configuration upon reception or whether it is allowed to check upon execution.
Proposal 5
If CHO execution condition for some candidate cell has been met when CHO is being configured, UE should omit/cancel the complete message to the source eNB/gNB and execute the CHO instead.
Proposal 6
Re-establishment is triggered if the UE cannot comply with the received CHO configuration.
Proposal 7
UE should use full CHO configuration for CHO execution and the full CHO configuration can be the received full configuration or can be acquired based on source configuration and the received delta configuration.
Proposal 8
CHO execution condition can be updated by modifying the existing CHO configuration.
Proposal 9
Target cell configuration can be updated by modifying the existing CHO configuration. RAN2 needs to discuss details of the modification procedure.
Proposal 10
After CHO configuration has been sent to the UE, source configuration can be updated in a RRC message not containing CHO configuration.
Proposal 11
Source configuration can be updated in a RRC message containing CHO configuration.
Proposal 12
If proposal 11 can be agreed, when CHO configuration and updated source configuration are sent in the same RRC message, CHO configuration can be delta configuration based on the updated source configuration.
Proposal 13
CHO execution condition can always refer to a measurement ID configured in source configuration.
Proposal 14
RAN2 to decide whether having multiple triggering conditions for CHO execution of a single candidate cell.
Proposal 15
RAN2 to decide whether to introduce TTT configuration for CHO and whether there are any problems to be fixed due to TTT’s introduction.
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