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1 Introduction

The RACH resource usage during intra-RAT NR handover has been discussed in several previous meetings. In RAN2#97bis [1] following agreements about the provided RACH information during handover procedure were made.
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.
In RAN2 Ad-Hoc meeting in Qingdao [2], the RACH resource usage during HO procedure were further discussed and the following agreements were made.
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.

The issue was again discussed in RAN2#99 in Berlin [3] and the following high-level principles about the RACH resource selection during HO were agreed. 
High level principle: 


Dedicated RACH resources, if provided, are prioritised over common RACH resources. 


The UE is not forbidden from attempting to access using common RACH resources before declaring HO failure based on T304 expiry.

There are still some different views how UE should select the beam for accessing the target node in case several beams with dedicated RACH resources has been included in HO command message. Some companies like to leave the beam selection for UE implementation, but some companies have concerns that this solution would lead to unpredictable behaviour between UEs from different vendors, and those companies prefer that some rules or guidance for beam selection should be defined. In this paper, we like to further discuss the beam selection with dedicated RACH resources and present our view and proposal to handle that issue.
2 Discussion
2.1 Dedicated RACH resource handling
It has been previously agreed by RAN2 that target gNB can allocate dedicated RACH resources associated either SS blocks or CSI-RS, and that these dedicated RACH resources could be passed to UE in RRCConnectionReconfiguration (HO command) message to be used for accessing to the target beam. In NR, the dedicated RACH resources will be allocated in beam level and due beam sweeping, it would be difficult for NW to allocate dedicated RACH resources so that UE can always use them for accessing to target beam. To avoid the situation, that HO will fail because UE cannot access to target using dedicated RACH resources of selected beams, the common RACH information will also be provided (or at least UE should have common RACH configuration to be used for accessing the target node) during handover for UE to be used for accessing the target cell to ensure successful handover. 
There is high level agreement that UE should prioritize the dedicated RACH resources over the common resources i.e. UE should try access via the beams indicated by target node. However, the radio condition could change quite rapidly and to prevent UE trying to access to target node with bad quality beams, UE should evaluate the beam quality before starting the RACH procedure. RAN1 has agreed that some sort of the threshold could be specified and used by UE to evaluate whether beam is feasible to be used for RACH procedure, and this new threshold value could be configurable or fixed (FFS in RAN1). 
Another solution for suitable beam selection for RACH procedure during handover procedure could be to use the Qrxlevmin and/or Qqualmin (or equivalent, if different parameters are decided to be used in NR) value as been used in cell selection criteria in LTE instead of specifying new values for suitable beam/cell selection. As the parameters are also used in IDLE mode cell selection, a new RACH beam selection offset value to be used together with Qrxlevmin and/or Qqualmin could be specified in seen feasible. The additional offset value could be included to relevant SI together with used Qrxlevmin and/or Qqualmin value. 
Proposal 1: Qrxlevmin and/or Qqualmin will be used by UE for suitable beam selection for RCH procedure during handover
Proposal 2: New RACH beam offset value could be specified to be used together with Qrxlevmin, Qqualmin or other threshold (FFS) value for suitable beam selection  
During the email discussion [99#28][NR] Beam selection for HO access (Intel), it was discussed how long UE should prioritize and try to access with dedicated RACH resources, before it can use the common RACH resources for accessing to target node. Several options were presented during discussion and there was no clear majority behind any individual proposals. For further discussions, the number of options were limited to three and companies were asked to provide they views for the following options,  
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)

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

3. Up to UE implementation
in two different scenarios:

A. the UE has updated measurement from the dedicated resources 

B. the UE doesn’t have updated measurement and only based on the measurement from measurement report

We think that UE should use the best available measurements results, when selecting the suitable beam(s) for access with dedicated resources, and there is no need to define different behavior depending what kind of measurement results are available in the UE for a beam evaluation. Assuming that NW has selected most suitable beams where to configure dedicated resources, it would be beneficial for the UE to access to the target node using the beams with dedicated resources included in HO command message, as the usage of the dedicated resources should enable faster and more reliable access to target cell using CFRA. 

However, the radio conditions could change quite rapidly e.g. due beam sweeping and UE mobility, and UE may not be able to use the dedicated resources to access the target cell and UE needs to use common resources for accessing. Even, if the additional threshold for suitable beam evaluation would be defined to avoid the situation where UE is trying to access with bad quality beam with dedicated RACH resources to target node, there could also be situation where the quality of another beam would be significantly better than any of the beams with dedicated resources and it could be beneficial for UE to select that beam even if CBRA need to be used. 
The UE has the best knowledge of the quality of the beams when it starts to access to the target node and it is clearly beneficial for UE to access with dedicated RACH resources when feasible, there is really no need to specify how long UE should try to access with dedicated resources before it can try access with common resources.
Proposal 3: The selection of dedicated and common RACH resources to be used when accessing to target node is left for UE implementation 

2.2 Common RACH resource selection during handover
In previous RAN2 meetings there has been some discussion how UE should select the beams when using common RACH resources to access to target node and some companies have proposed that NW should be able to indicate UEs which beams to use. The existing system does not provide any means to indicate UE which beams it should prefer when accessing with common RACH resources, but provided common resources can be used to access any suitable beam in the target node. When dedicated RACH resources are used i.e. NW allocates resources only from beams it likes UE to access (beam should be viable from UE point of view also for accessing) during the handover and guide UE to preferred beams (which should be feasible from UE RRM point of view also). To optimize the system level resource usage, it would be beneficial (e.g. more effective load balancing between beams), if NW could direct the UE’s access via certain beams, and the equivalent capability could be useful also when common resources need to be used instead of dedicated resources.

Observation1: To optimize the system level resource usage, it would be beneficial if NW could guide UEs to access the target node using certain beams during handover
It has been proposed that NW could provide indication that some beams are blocked e.g. heavy load situation and UE could not use those beams for the access with common resources. However, as already earlier indicated, the radio condition could change quite rapidly in NR environment, and the explicit blocking of certain beams may lead to handover failure if all RRM feasible beams from UE point view would be blocked by NW. Instead of blocking certain beams, NW could indicate to UE the preferred beams to be used when UE need to access using common resources instead of dedicated resources. This should allow enough control in NW side for effective load balancing when common RACH resources are used, as the usage of common RACH resources during the handover should happen very rarely if dedicated RACH resources have been allocated.
One way to provide the preferred beams for accessing with common RACH resources during handover would be to use the same solution that will be used for dedicated RACH resources, where the resources are identified with frequency, time and sequence and they are associated to certain SSB or CSI-RS. If same solution would be used to indicate the preferred target beam (or even cell) to be accessed with common RACH resources, NW can simply let sequence, time and frequency information out or fixed predefined set of parameters to indicate the purpose of these included resource IDs (SSB or CSI-RS) can be defined and UE can determine based on that, that this beam is preferred when accessing with common resources. 

Proposal 4: NW can indicate the preferred beams to be used when UE access with common RACH together with dedicated RACH resources during handover 
3 Conclusions:

Based on the discussion, the following conclusions were made:
Observation1: To optimize the system level resource usage, it would be beneficial if NW could guide UEs to access the target node using certain beams during handover
Proposal 1: Qrxlevmin and/or Qqualmin will be used by UE for suitable beam selection for RCH procedure during handover

Proposal 2: New RACH beam offset value could be specified to be used together with Qrxlevmin, Qqualmin or other threshold (FFS) value for suitable beam selection  
Proposal 3: The selection of dedicated and common RACH resources to be used when accessing to target node is left for UE implementation
Proposal 4: NW can indicate the preferred beams to be used when common RACH resources are used to access together with dedicated RACH resources during handover 
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