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1. Introduction

In RAN2#97bis [1], the following were agreed on beam aware RACH during handover:

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 RAN2 NR-AH2 in Qingdao [2], RAN2 made the following agreements:

Agreements:

1
Measurement information (including beam information if there are beams in the network) reported by the UE can be included the HANDOVER REQUEST message sent to the target.

2
The handover command includes all necessary parameters (at least new C-RNTI, target gNB security algorithm identifiers, and optionally a set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).

FFS How the UE uses the set of dedicated RACH resources and common RACH resources, 

FFS How the UE knows the common RACH resources.

3
Handover command can include association between RACH resources and SS blocks.

4
Handover command can include association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.

FFS How the UE selects the beam and RACH resources to be used to access from the information included in the handover command. This could be specified behaviour, or specified behaviour with some parameter(s) than can be controlled by the network, and can be discussed is some aspects might be left to UE implementation.

5
Timer based handover failure procedure like LTE (T304) is supported in NR.

6
RRC connection re-establishment procedure should be used for recovering handover failure.

And in RAN1 NR-AH2 in Qingdao [3], RAN1 made the following agreements:

Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured
In this contribution, we discuss beam aware RACH procedure during handover. Specifically, we discuss how UE selects beams associated with RACH resources of target cell to access, and motivate the need for performing measurement reporting and beam refinement during random access procedure. 
2. Discussion
2.1 Open issues of beam aware RA procedure during handover

Based on agreements of RAN2#97bis [1], Handover command can contain RACH configuration(s) associated with the beams of the target cell. This enables the target cell to restrict the UE’s random access to those beams that are relevant for the UE. Both CBRA and CFRA could be applied based on the beam information carried in handover command. Then during RAN1/RAN2 NR-AH2 meetings in Qingdao, it was further agreed that besides common RACH resources like LTE, handover command could optionally include a set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1). In additional, RAN1 has agreed that the RACH resources could be associated with SS blocks and CSI-RS configuration(s), where CSI-RS is UE specifically configured. 

As one of open issues of last meeting, we need to first discuss the relationship between common RACH resources and dedicated resources. 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.
Therefore, we believe this principle should be reused in NR.
Proposal 1: 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.

Then, the next open issue is how the UE uses the set of dedicated RACH resources and common RACH resources. First, note that RAN1 has concluded that the CSI-RS configuration associated with RACH resource is UE specifically configured. In our understanding, it means that CSI-RS could not be associated with common RACH resources, otherwise, common RACH resource may become UE specific. So, we propose:

Proposal 2: Common RACH resources included in handover command could be only associated to SS Block(s). 

And we further think that it is unnecessary to simultaneously configure both dedicated RACH resources associated with SS Block(s) and dedicated RACH resources associated with CSI-RS because its benefit is not clear and it will surely result in costly resource usage. In addition, UE may not know which RSs associated with dedicated resources. We think it is possible to simultaneously configure common RACH dedicated RACH to provide UE more candidate beams to access. But in this case, if the dedicated RACH is associated to CSI-RS. We think UE does not need extra efforts to measure both SS and CSI-RS simultaneously. So, we propose 
Proposal 3: The following 3 combination of RACH resources configuration could be supported in NR:

· only common RACH associated to SS Block(s)
· simultaneously configure common RACH associated to SS Block(s)and dedicated RACH associated to SS Block(s) 
· simultaneously configure common RACH associated to SS Block(s) and dedicated RACH associated to CSI-RS, if measurement results from both SS and CSI-RS are available, i.e., UE does not need extra efforts to measure both SS and CSI-RS simultaneously
One related issue of the above proposal is whether multiple msg1 transmission are allowed. In our understanding, a UE without beam correspondence cannot map its estimated DL path loss to UL transmit power and may interfere with other UEs which transmit msg1 in the same resource but with different preambles. Therefore, we think allowing these UEs to transmit multiple msg1 in common RACH resources or dedicated (frequency/sequence) RACH resources will reduce performance of other UEs of the network. So, we propose:
Proposal 4: At least during handover, multiple msg1 transmission is only allowed in dedicated time domain RACH resources if the configuration of dedicated multiple RACH transmission occasions in time domain is supported in RAN1.  

Also for interference consideration, different UEs’ RACH transmission should reach gNB at similar power level. However, in dedicated time domain RACH region, gNB may schedule the whole set of RACH resources – e.g. all preamble indices to one UE if RACH load is low in the network. Hence, gNB can allow this UE to transmit CFRA in dedicated time domain RACH region with higher transmit power and convey more information through Msg1. But it should be discussed in RAN1.  

Then the final open issue is that how UE selects a “suitable” beam when configured above RACH resources, especially when simultaneously configured both common and dedicated RACH resources. We think it should be up to UE implementation due to the following 2 reasons:
1. Reduce access latency: as we know, access latency is an important metric during handover, especially in NR because we target for handover with 0ms interruption. NR has defined up to 64 SS blocks within an SS burst set in over-6 GHz. Allocating consecutive RACH resources corresponding to these 64 SS blocks will block DL transmission for a long time. Since the RACH resources corresponding to these 64 SS blocks would be distributed over time, UE can reduce latency by flexibly selecting a “suitable” SS block to transmit RACH. For example, UE could select the first coming RACH resource (it could be common RACH resource or dedicated RACH resource), which meets RACH link budget.    
2. Regulation of Maximum Power Emission (MPE) requirement: FCC’s current MPE regulations in USA may prevent a UE to transmit towards a direction where it would cause damage to the skin [5]. In other words, a beam could be strongest in DL but may not be suitable in UL because it is blocked by hand and transmission in this direction would cause skin damage. Therefore, gNB should not force UE the beam direction for access just from the view of network.
Observation 1: FCC’s MPE regulation may prevent a UE to select the strongest beam during Msg1 transmission if UE’s transmission direction corresponding to the strongest beam causes damage to the skin.
Proposal 5: At least during handover, it is up to UE implementation to select a “suitable” beam for access which meets RACH link budget, to reduce RACH latency and maintain MPE regulations. 

2.2 Beam refinement during handover
For proposal 5, people may argue that it may impact UE’s coverage if UE does not select the strongest beam to access during handover. The possible issues could be:

· UE selected suitable beam may have lower beamforming gain. Using such beam pair may impact RACH performances. 

· The selected beam may not have the best beamforming gain for the RACH procedure and subsequent transmissions. Such a selection results in higher transmission power on the UL for the duration of the RACH procedure. This may cause excessive interference to target cell on the uplink.

· UE may be located at cross-over points of two gNB beams and consequently neither of the beams are best suited for the UE as they have lower beamforming gain. 
To resolve this issue, we propose to do beam refinement during handover, i.e. UE can report strongest beam index via msg3/dedicated UL resource so that gNB can use this information to obtain beamforming gain for subsequent data transmissions.
Observation 2: During handover, beam refinement can be performed during RACH procedure to obtain beamforming gain for subsequent data transmissions.
The idea of beam refinement could be applied in both CBRA and CFRA during handover. 
Proposal 6: During handover, beam refinement procedure could be utilized in both CFRA and CBRA.   
The procedure for CBRA is shown in Figure 1, which is illustrated below:

· UE selects a “suitable” beam to send msg1 from the common RACH resources configuration associated with NR-SS carried in handover command.
· Then gNB sends Msg2 (RAR), and UE could do beam measurements based on NR-SS, whose configuration is carried in NR-SS.   

· Then UE sends Msg3 with strong SS block index which indicates gNB a better TX beams for subsequent data transmissions
· After gNB receives the beam report, it could use refined gNB-UE beam pair from Msg4.   


[image: image1.emf]UE gNB

Initial TX beam 

Refined TX beam based 

on beam report included 

in Msg3

Msg1 (PRACH)

Msg2(RAR) 

NR-SS for beam meas.

Msg3 + beam report 

based on NR-SS

Msg4

Suitable TX beam 

selected from beam set 

indicated in handover 

command

Refined RX beam based 

on beam measurement 

during Msg2


Figure 1: Illustration of beam refinement procedure during CBRA of handover

Proposal 7: During CBRA procedure of handover, beam refinement procedure may involve measurement reporting based on NR-SS in msg3 that allows gNB and UE to select better beams

      Proposal 7-1: The NR-SS configuration is carried in handover command.

      Proposal 7-2: The NR-SS configuration included in handover command is associated with common RACH resources
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Figure 2: Illustration of beam refinement procedure during CFRA of handover

The procedure for CFRA is shown in Figure 2. As we seen, the differences from CBRA are the following points:

· For CFRA, UE could use both common RACH resources and dedicated RACH resources to access if configured. So during reception of Msg2, UE could do beam measurement based on NR-SS and/or CSI-RS.

· When CSI-RS is used for beam measurement, the CSI-RS resource may be CSI-RS for L3 mobility or aperiodic dedicated CSI-RS sent along with Msg2. And the corresponding CSI-RS configuration could be carried in handover command.

Proposal 8: During CFRA procedure of handover, beam refinement procedure may involve measurement reporting based on NR-SS in dedicated UL resource that allows gNB and UE to select better beams

      Proposal 8-1: The NR-SS configuration is carried in handover command.

      Proposal 8-2: The NR-SS configuration included in handover command may be associated with common RACH resources or dedicated RACH resources

Proposal 9: During CFRA procedure of handover, beam refinement procedure may involve measurement reporting based on CSI-RS for L3 mobility in dedicated UL resource that allows gNB and UE to select better beams.

      Proposal 9-1: The CSI-RS configuration is carried in handover command.

      Proposal 9-2: The CSI-RS configuration included in handover command could be only associated with dedicated RACH resources

      Proposal 9-3: beam refinement may involve transmission of dedicated CSI-RS sent along with msg2   
When dedicated time/frequency domain RACH resources are configured, we have another beam refinement solution based on CFRA: UE can convey additional SS/CSI-RS beam index (e.g., strongest SS/CSI-RS beam index) to gNB, and gNB could use that to transmit Msg2 to UE. Figure 3 shows this beam reporting and refinement procedure.
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Figure 3: Illustration of beam refinement procedure through dedicated time/frequency domain RACH resources
Proposal 10: During CFRA procedure of handover through dedicated time/frequency domain RACH resources, beam refinement procedure may involve measurement reporting of additional NR-SS/CSI-RS beam index, e.g., strongest SS block, through Msg1 that allows gNB and UE to select better beams.
3. Conclusion 

In this contribution, we discuss beam aware RACH procedure during handover. Specifically, we discuss how UE selects beams associated with RACH resources of target cell to access, and motivate the need for performing measurement reporting and beam refinement during random access procedure. We have the following observations:

Observation 1: FCC’s MPE regulation may prevent a UE to select the strongest beam during Msg1 transmission if UE’s transmission direction corresponding to the strongest beam causes damage to the skin.
Observation 2: During handover, beam refinement can be performed during RACH procedure to obtain beamforming gain for subsequent data transmissions.
And we propose:
Proposal 1: 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 2: Common RACH resources included in handover command could be only associated to SS Block(s). 

Proposal 3: The following 3 combination of RACH resources configuration could be supported in NR:

· only common RACH associated to SS Block(s)

· simultaneously configure common RACH associated to SS Block(s)and dedicated RACH associated to SS Block(s)

· simultaneously configure common RACH associated to SS Block(s) and dedicated RACH associated to CSI-RS, if measurement results from both SS and CSI-RS are available, i.e., UE does not need extra efforts to measure both SS and CSI-RS simultaneously

Proposal 4: At least during handover, multiple msg1 transmission is only allowed in dedicated time domain RACH resources if the configuration of dedicated multiple RACH transmission occasions in time domain is supported in RAN1.  
Proposal 5: At least during handover, it is up to UE implementation to select a “suitable” beam for access which meets RACH link budget, to reduce RACH latency and maintain MPE regulations. 

Proposal 6: During handover, beam refinement procedure could be utilized in both CFRA and CBRA to obtain beamforming gain for subsequent data transmissions.  
Proposal 7: During CBRA procedure of handover, beam refinement procedure may involve measurement reporting based on NR-SS in msg3 that allows gNB and UE to select better beams

      Proposal 7-1: The NR-SS configuration is carried in handover command.

      Proposal 7-2: The NR-SS configuration included in handover command is associated with common RACH resources

Proposal 8: During CFRA procedure of handover, beam refinement procedure may involve measurement reporting based on NR-SS in dedicated UL resource that allows gNB and UE to select better beams

      Proposal 8-1: The NR-SS configuration is carried in handover command.

      Proposal 8-2: The NR-SS configuration included in handover command may be associated with common RACH resources or dedicated RACH resources

Proposal 9: During CFRA procedure of handover, beam refinement procedure may involve measurement reporting based on CSI-RS for L3 mobility in dedicated UL resource that allows gNB and UE to select better beams.

      Proposal 9-1: The CSI-RS configuration is carried in handover command.

      Proposal 9-2: The CSI-RS configuration included in handover command could be only associated with dedicated RACH resources

      Proposal 9-3: beam refinement may involve transmission of dedicated CSI-RS sent along with msg2   
Proposal 10: During CFRA procedure of handover through dedicated time/frequency domain RACH resources, beam refinement procedure may involve measurement reporting of additional NR-SS/CSI-RS beam index, e.g., strongest SS block, through Msg1 that allows gNB and UE to select better beams.
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