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1 Introduction
RAN2 NR AH#2 meeting has achieved 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.
RAN2 #99 meeting has agreed that:
Agreements relating to content of handover command in RRC:
1
The NR RRC specifications define a transparent RRC container (like the Handover Command message in LTE) to be transmitted from the target gNB to the source gNB as part of the Xn Handover Request Acknowledgement message.

2
As in LTE, the handover command should be entirely generated by the target gNB.

FFS: Where there could be exceptions for that (e.g for MBB enhancement similar to that in LTE, if supported).

3
The mobilityControlInfo can contain at least the target physical cell identifier (or equivalent defined by RAN1), the carrier frequency, the T304 like timer and the new UE identifier (C-RNTI type of identifier).

4
RAN2 understanding is that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s).

5
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.
6
The target gNB is able to include one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: i/ Common RACH configuration, ii/ Common RACH configuration + Dedicated RACH configuration associated with SS-Block or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS. (List of options to be revised if common RACH is concluded to be optional based on above FFS.)


(Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported.)

FFS Whether there will be a fallback procedure using common RACH when dedicated RACH fails.
RAN1 agreements for contention RACH from meeting #90:
Agreements
•
It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)

–
If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power

–
UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)

–
FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
–
Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged

RAN1 AH #3 Agreements:
· RMSI indicates only a single transmit power for SS blocks in Rel-15

· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
RAN2 #99 meeting has discussed how to do beam selection for HO access, but no agreement has been achieved. To progress on beam selection for access during handover, email discussion has been organized [1]. In this paper, we will further discuss the details of beam selection during handover based on the email discussion [1].
2 Discussion
2.1 General Requirements
In RAN1 AH #3 meeting, it is agreed that for initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP. To be consistent with RAN1 decision and to ensure the network has some control of suitable beam selection by the UE, suitable beam for HO can be determined with the network configurable RSRP threshold, and the threshold for suitable beam may be the same as the threshold configured for beam determination in cell quality derivation. Since the UE can use RACH resources associated with SS blocks or CSI-RS configuration(s) to access the target cell, the configured threshold for suitable beam related with SS block and CSI-RS can be different. The threshold(s) for suitable beam should be included in the handover command. 
Proposal 1: A suitable beam is defined by the network with a RSRP threshold that may be the same as the threshold configured for beam determination in cell quality derivation, and the threshold is included in the handover command.

Proposal 2: The configured threshold for suitable beam related with SS block and CSI-RS can be different.
Last RAN2 #99 meeting has agreed that the common RACH configuration for beams in the target cell can only be associated to the SS Block(s) and 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. Since it is not feasible to simultaneously configure the dedicated RACH configuration associated with SS block and dedicated RACH configuration associated with CSI-RS, the target gNB can include one of the following RACH configurations in the handover command to enable the UE to access the target cell: 1) Common RACH configuration, 2) Common RACH configuration + Dedicated RACH configuration associated with SS block, 3) Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
It is agreed in [99][#28] email discussion that dedicated RACH resources have priority over common RACH resources since CBRA introduces latency and may result handover failure due to RA contention. The UE can use the dedicated RACH resources to access the target cell upon receiving the handover command. It is obvious that the UE should use the common RACH resources to perform CBRA when there are no available dedicated RACH resources allocated by the target gNB. When random access on all the suitable beams with dedicated RACH resources fails, a fall back procedure using common RACH resources should be conducted by a UE.
Proposal 3: In NR, there shall be a fall-back procedure using common RACH resources when random access on all the suitable beams with dedicated RACH resources fails.
It is better to always include common RACH resources in handover command as a fall back solution for NR mobility. Therefore, the UE can use common RACH resources included in the handover command to access the target cell when dedicated RACH resource is not available or all dedicated RACH attempts fails, and there is no need to read the common RACH resources from the system information to avoid introducing additional delay. UE behaviour can be relatively simpler with this approach to avoid dealing with the cases with or without common RACH resources. 
Proposal 4: In NR, common RACH resources shall be included in the handover command.
2.2 Simplified beam selection procedure
The goal of specifying HO beam selection procedure is to ensure all the UEs have consistent and predictable behaviour while the requirement imposed on the UEs and the network should be minimized.
Multiple beams which are associated with RACH resources can be configured by the target cell, and the RACH resources can be dedicated RACH resources or common RACH resources. With dedicated RACH resources, the UE performs contention-free random access procedure, otherwise it can perform CBRA with common RACH resources.
Following baseline handover procedure, after receiving HO command, the UE performs synchronization right before the random access to the target cell/beam(s). The UE needs to firstly perform the DL reference signal detection and measurement to achieve synchronization to the target cell/beam(s). This is the time for the UE to perform the last minute check whether the beam is suitable for access. The UE performing quality check on the beam quality right before conducting the access to the target beam is essential to ensure a suitable beam is selected.
It may not be a good choice for the UE to select the best beam which has been reported in the measurement report for preamble transmission. In order to identify the best beam, more measurements are required. Then the comparison and selection process have to be conducted to find the best beam. All the activities require more time which will increase the overall HO latency. Although dedicated RACH resources associated with the best beam can be prepared in the target cell and included in the HO command, if long latency between measurement report and preamble transmission occurs under fast channel fading, the best beam reported in the measurement report may become too stale to serve the UE.
For the order of the beams on which a UE performs detection, synchronization and quality evaluation, the UE should evaluate the beams configured with dedicated RACH resources first, and then evaluate the beams configured with common RACH resources. For more than one beam within the “dedicated’ or “common” category, the order maybe guided by the network with different priorities or simply determined by the UE. 
In general, the beam selection for HO access should follow the stage 2 agreed principles:

1. Beams associated with dedicated RACH resources have higher priority than those with common RACH resources.

2. A UE shall select the suitable beam for access.

3. The complexity and delay should be minimized.
Based on the above principles, we suggest the following baseline HO beam selection procedure:

After receiving the handover command, the UE shall treat the beams with dedicated RACH resources first and select the beam for preamble transmission based on the following criteria as the Figure 1 illustrates:
1-1: The UE selects the first detected one which is above the threshold to perform CFRA when one or multiple beams with dedicated RACH resources exist. (In this way, RACH procedure is fast and contention free.) 
1-2: If RSRP of all the beams with dedicated RACH resources included in the handover command are not above the threshold, the UE evaluates the beams configured with common RACH resources. The UE  selects the first detected one which is above the threshold to perform CBRA when one or multiple beams with common RACH resources exist. 
1-3: If RSRP of all the beams with common RACH resources included in the handover command are not above the threshold either, since the UE has already measured all the beams included in the handover command, it selects the best one (the one with the highest RSRP) among them to perform RACH regardless the best beam is configured with dedicated RACH resources or common RACH resources. 
2-1: If all the beams included in the handover command are not configured with dedicated RACH resources, the UE evaluates the beams configured with common RACH resources. It selects the first detected one which is above the threshold to perform CBRA. (Although RACH is contention-based, preamble transmission via the first detected beam can reduce the latency since the UE doesn’t need to detect and measure more beams, moreover, RACH can be successful with high possibility since the beam is above the properly set threshold.) 
2-2: If all beams with common RACH resources are not above the threshold, the UE selects the best detected one to perform CBRA no matter it is included or excluded in the handover command.
3: If there is no available beam or all the RACH attempts failed, the UE performs RRC connection re-establishment.
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Figure 1 beam selection
In general, the possibility of RACH success can be improved based on the above beam selection process and criteria.
Proposal 5: The UE shall evaluate the beams configured with dedicated RACH resources first, and then evaluate the beams configured with common RACH resources.
Proposal 6: When one or multiple beams with dedicated RACH resources exist, the UE selects the first detected one which is above the quality threshold to perform CFRA.

Proposal 7a: If RSRP of all the beams with dedicated RACH resources included in the handover command are not above the quality threshold, the UE selects the first detected one with common resource which is above the quality threshold to perform CBRA when one or multiple beams with common RACH resources exist.
Proposal 7b: If RSRP of all the beams with common RACH resources included in the handover command are not above the threshold either, the UE selects the best beam included in the handover command to perform RACH.
Proposal 8a: If all the beams included in the handover command are not configured with dedicated RACH resources, the UE selects the first detected beam which is above the quality threshold and configured with common RACH resources to perform CBRA.
Proposal 8b: If RSRP of all the beams with common RACH resources are not above the threshold either, the UE selects the best beam included or excluded in the handover command to perform CBRA.

Proposal 9: If all the RACH attempts are failed, the UE performs RRC connection re-establishment.
3 Conclusion

This contribution discusses the details of beam selection during handover and suggests:
Proposal 1: A suitable beam is defined by the network with a RSRP threshold that may be the same as the threshold configured for beam determination in cell quality derivation, and the threshold is included in the handover command.

Proposal 2: The configured threshold for suitable beam related with SS block and CSI-RS can be different.
Proposal 3: In NR, there shall be a fall-back procedure using common RACH resources when random access on all the suitable beams with dedicated RACH resources fails.

Proposal 4: In NR, common RACH resources shall be included in the handover command.
Proposal 5: The UE shall evaluate the beams configured with dedicated RACH resources first, and then evaluate the beams configured with common RACH resources.
Proposal 6: When one or multiple beams with dedicated RACH resources exist, the UE selects the first detected one which is above the quality threshold to perform CFRA.

Proposal 7a: If RSRP of all the beams with dedicated RACH resources included in the handover command are not above the quality threshold, the UE selects the first detected one with common resource which is above the quality threshold to perform CBRA when one or multiple beams with common RACH resources exist.

Proposal 7b: If RSRP of all the beams with common RACH resources included in the handover command are not above the threshold either, the UE selects the best beam included in the handover command to perform RACH.

Proposal 8a: If all the beams included in the handover command are not configured with dedicated RACH resources, the UE selects the first detected beam which is above the quality threshold and configured with common RACH resources to perform CBRA.
Proposal 8b: If RSRP of all the beams with common RACH resources are not above the threshold either, the UE can select the best beam included or excluded in the handover command to perform CBRA.

Proposal 9: If all the RACH attempts are failed, the UE can perform RRC connection re-establishment.
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