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1. Introduction

In RAN2#97bis [1], beam selection discussion was initialized:

Agreements

1
Handover command can contain at least cell identity of the target cell and RACH configuration(s) associated to the beams of the target cell. RACH configuration(s) can include configuration for contention-free random access.

1b
UE selects a suitable beam from all beams of the target cell.

1c
UE performs CBRA on the UE's selected beam if CFRA resources are not provided for the UE's selected beam.

And in following RAN2meettings [2-3], RAN2 continued the discussion and the following remaining issues were identified:
Agreements:

1
Available beam measurement information can be part of the RRM configuration of the HandoverPreparationInformation message if beam measurement information (i.e. beam indexes and optionally measurement results) have been configured by the source gNodeB to be reported by a UE. That information is not a mandatory part of the HandoverPreparationInformation message

FFS For which cell(s) beam measurement information can be included e.g. only candidate target cell.
2. RAN2 understanding is that the network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell.

FFS: The target gNB can optionally include the common RACH configuration in the mobilityControlInfo. If not included the UE continues to use the common RACH configuration of the source cell.

Then in a followed email discussion [4], one new issues on how long should the dedicated RACH resources be prioritised was raised:

Further discussion the following options as how long should the dedicated RACH resources be prioritised:
· Option 1: UE attempts up to K suitable dedicated RACH resources that satisfy the condition in Q1 where K is configured by the network then the UE is allowed to use common RACH (K is small and can be 1)
· Option 2: UE attempts the suitable dedicated RACH that satisfy the condition in Q1, UE should fall back to common RACH resource only if there is no suitable dedicated RACH resources
· Option 3: Up to UE implementation 
the definition of “suitable” aligns with RAN1 agreements in RAN1#90

In this contribution, we discuss the above remaining issues of beam selection for handover access. 
2. Discussion
Remaining issue#1: For which cell(s) beam measurement information can be included e.g. only candidate target cell

Beam measurement information in HandoverPreparationInformation message will need UE measurement and reporting. As we know, the reporting overhead of beam measurement is large: one beam index reporting needs at least 6bit (up to 64 SS blocks) and one beam quality reporting needs at least 7bit for RSRP. So for one cell with configuration of x=3 best SS block report, UE may have to report as much as 40bit beam measurement just for one cell. Therefore, we think only candidate target cell’s beam measurement information needs to be included in RRM configuration of the HandoverPreparationInformation message.

Proposal 1: Only candidate target cell’s beam measurement information needs to be included in RRM configuration of the HandoverPreparationInformation message.

Remaining issue#2 whether it is mandatory or optional for the target gNB to include the common RACH configuration in the mobilityControlInfo.
In my understanding, common RACH resource should be always carried in handover command due to the following 3 reasons:

1. Fallback operation. The fallback operation means that if the dedicated RACH resource failed due to possible fast changing of channel, UE should be enable to quickly try to access in common RACH resource without need to read system information of target cell. We think such fallback operation is important because dedicated resource may fail when channel changes fast in NR, especially in mmW.
2. Legacy support. Note that in LTE, RACH resource configuration (which could be only common RA resource) is always included in handover command. So it is also beneficial for legacy LTE UE to access NR cell.
3. No need to read system information of target cell. Note that in LTE, common RACH resource configuration is always included in handover command, so that UE is not required to read system information of target cell to reduce access latency. Although NR was discussing stored system information to reduce such access delay, it may introduce additional latency because target gNB does not know exactly what system information is stored, and further handshake signaling needs to be specified. Furthermore, RAN2 had also made the following agreement in TR38.804 [4] subclause 10.1.2:

The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.
If it is optional, does it mean for each handover, UE has to read SI of target cell to check whether common RACH resources in SI is same as the one in HO command? Then we are not sure whether it will lead UE has to overrule the above highlighted agreement.
Therefore, we believe this principle should be reused in NR.
Proposal 2: As in LTE, the target gNB shall always include the common RACH configuration in handover command, and UE does not need to read system information of target cell to get common RACH configuration.

Remaining issue#3 how long should the dedicated RACH resources be prioritised

As indicated in email discussion summary [4], the following 3 options were identified:

· Option 1: UE attempts up to K suitable dedicated RACH resources that satisfy the condition in Q1 where K is configured by the network then the UE is allowed to use common RACH (K is small and can be 1)
· Option 2: UE attempts the suitable dedicated RACH that satisfy the condition in Q1, UE should fall back to common RACH resource only if there is no suitable dedicated RACH resources
· Option 3: Up to UE implementation 
The definition of “suitable” aligns with RAN1 agreements in RAN1#90

Note that there seemed to some different understandings on above 3 options. So, we will first clarify our understanding on key differences of these options:

· Option 1: UE should attempt K times for dedicated RACH resource before allowed to use common RACH, where K is configured by network and should be a small value. And UE has flexibility to decide the order to try these dedicated RACH resource.

· Option 2: UE should try all suitable dedicated RACH resource before allowed to use common RACH. But it is not clear for us what is the criteria how UE decided all suitable dedicated RACH resource could not work (e.g. reaching maximum retransmission number?) 

· Option 3: In our understanding, “up to UE implementation” means that when UE saw a good common RACH resource coming earlier than good dedicated RACH resource, UE could use the common RACH resource for access. Of course, when good command RACH and dedicated resource come in similar time, UE should use dedicated RACH resource, i.e. prioritizing dedicated resource.
Note that network configures dedicates resources based on UE measurement. However, source cell may decide to pre-emptively prepare the target cell and execute handover at a later stage (e.g. after further measurement reports). Then in this case, the dedicated RACH info contained in the access information will be outdated. This may lead to handover failure since the UE tries to access the target cell by using outdated dedicated beams. And since retransmission is allowed in RACH, it may force UE to attempt to access dedicated RACH multiple times, which is a waste of UE power consumption. Meanwhile, the multiple failed attempt will make network could not release these UE-dedicated RACH resources which is also a waste of radio resource. 
Observation 1: For network configured dedicated RACH resources, when the UE actually performs the RACH, it may fail because of outdated channel information.
Observation 2: It will be a waste of UE power consumption and network radio resource if UE is forced to access dedicated RACH multiple times when channel condition of dedicated RACH is outdated.
Based on above observation, option 2 is not acceptable for us because it may force UE to use dedicated RACH even if UE is aware that the updated measurement results are poor for these RACH resources. Furthermore, it is not clear for us what is the criteria how UE decided all suitable dedicated RACH resource could not work. If maximum retransmission number condition is reused for each dedicated RACH attempt, it may incur a quite long and unnecessary beam access procedure if multiple suitable but outdated dedicated RACH resources are identified. 

Proposal 3: It is not necessary to force UE to try all suitable dedicated RACH resource before allowed to use common RACH resources, i.e. option 2 is not supported.  
Then for option 1 and option 3, we show some preference for option 3 from the benefit of access latency. As we know, access latency is an important metric during handover, especially in NR because we target for handover with 0ms interruption. Based on current RAN1/RAN2 agreement, common and dedicated RACH resources may be separate in time. Note that target gNB could not get the accurate timing when UE starts the RACH access, so it is difficult for gNB to allocate dedicated RACH resources coming earliest for one particular UE, i.e. it is possible that UE could see a common RACH resource with good channel condition comes earlier than dedicated RACH resources, especially when UE could have updated beam measurement information.  

Observation 3: Since target gNB may not get the accurate timing when UE starts the RACH access, it is possible that UE could see a common RACH resource with good channel condition comes earlier than dedicated RACH resources. 
Then, in this case, UE could select the first coming suitable RACH resource (it could be common RACH resource or dedicated RACH resource) to reduce access latency. But of course, when suitable command RACH and suitable dedicated resource come in similar time, UE should use dedicated RACH resource, i.e. prioritizing dedicated RACH resource. The exact mechanism can be FFS.
Proposal 4: For the issue of how long should the dedicated RACH resource be prioritized, we prefer it is up to UE implementation in term of benefit of reducing handover interruption time, i.e. UE could select a common RACH resource with good channel condition comes earlier than dedicated RACH resources. 
Option 1 can be regarded as a compromise between option 1 and option 3. If small value of K is adopted, then we could also accept it. But also for the benefit of reducing handover interruption time, we think UE should have flexibility to decide the order to try these dedicated RACH resources.
Proposal 5: it is up to UE implementation to determine the order to select suitable beams.
3. Conclusion 

In this contribution, we discuss the remaining issues of beam selection for handover access. The proposals are:

Observation 1: For network configured dedicated RACH resources, when the UE actually performs the RACH, it may fail because of outdated channel information.

Observation 2: It will be a waste of UE power consumption and network radio resource if UE is forced to access dedicated RACH multiple times when channel condition of dedicated RACH is outdated.

Observation 3: Since target gNB may not get the accurate timing when UE starts the RACH access, it is possible that UE could see a common RACH resource with good channel condition comes earlier than dedicated RACH resources. 
Proposal 1: Only candidate target cell’s beam measurement information needs to be included in RRM configuration of the HandoverPreparationInformation message.

Proposal 2: As in LTE, the target gNB shall always include the common RACH configuration in handover command, and UE does not need to read system information of target cell to get common RACH configuration.

Proposal 3: It is not necessary to force UE to try all suitable dedicated RACH resource before allowed to use common RACH resources, i.e. option 2 is not supported.  

Proposal 4: For the issue of how long should the dedicated RACH resource be prioritized, we prefer it is up to UE implementation in term of benefit of reducing handover interruption time, i.e. UE could select a common RACH resource with good channel condition comes earlier than dedicated RACH resources.    

Proposal 5: it is up to UE implementation to determine the order to select suitable beams.
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