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1 Introduction
In RAN2#96 meeting, HO execution in an NR cell associated with multiple beams were discussed with following agreements achieved:
Agreements
1	At least cell id and all information required to access the target cell will be included in the HO command. 
2	For at least some cases information required for contention based and contention free access can be included in the HO command
3	To be studied what beam related information of the target cell may be required.
4	Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.
In RAN2#97bis meeting, further details on the association between RACH configuration and DL beams as well as UE behavior to select certain DL beam were discussed. Following general agreements 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 this contribution, we discuss further the necessary information needs to be provided in the HO command and random access procedure during HO based on the progress/agreements made in RAN1. 
2 Discussion
2.1 NR-SS and CSI-RS for RRM Measurement
Generally, the purpose of RRM measurement is to support cell-level mobility, no matter it is network-controlled HO or UE based cell reselection. In network-controlled HO, measurement reports are sent by UE to help the network to compare the cell qualities of different cells and determine the target cell for HO.
During HO execution, random access procedure is performed to acquire the UL time alignment with the target cell. One of essential information to be carried in HO command is RACH resources for Msg1 transmission. In multi-beam operation the association of information from DL signal/channel to RACH resources needs to be considered. The measurement report sent from UE is used to help the network to make proper configuration for the association.
In RAN1#86bis meeting, it was agreed that when Tx/Rx beam correspondence is available at gNB at least for multiple beams operation, association between DL signal/channel and a subset of RACH resources is informed to UE by broadcast system information or known to UE. The purpose of the association is to determine Msg2 DL Tx beam. Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources. At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble, which will be also applied to Msg2. The same principle is also applied to the case without gNB Tx/Rx beam correspondence, which was agreed in RAN1#88 meeting. 
Observation 1: RRM measurement is used for network to determine the target cell for HO and configure the association between DL signal/channel and RACH resources of the target cell. 
In RAN1#88 meeting, it was agreed that CSI-RS can be used in addition to NR-SS for CONNECTED RRM measurement. It was understood that network has the flexibility to either configure NS-SS or CSI-RS or both for CONNECTED RRM measurement. If NR-SS is transmitted sparsely with the periodicity of e.g. 80ms, CSI-RS based measurement might have a better performance than NR-SS based measurement. From the perspective of UE measurement complexity and measurement report signalling overhead, it is beneficial for the UE to only perform the CSI-RS based measurement. 
Observation 2: CONNECTED RRM measurement can be performed on either NR-SS, or CSI-RS or both. 
If CSI-RS is used for RRM measurement, it’s network implementation to determine the Tx beamformer for CSI-RS transmission, which is transparent to UE. It’s possible that the CSI-RS for RRM has same or narrower beam-width than NR-SS. In RAN1#88bis meeting, reusing CSI-RS design for beam management as baseline was agreed for the CSI-RS design and RRM measurement configuration. It is possible that the same set of CSI-RS are used for both beam management and RRM measurement in the target cell. If the HO command provides the association between the sets of CSI-RS and the RACH resources, UE can access the finer beams of the target cell as early as in the random access during HO. So data transmission can be performed immediately with the narrower beams upon the success of random access procedure. 
Observation 3: UE can access the finer beams of the target cell as early as in the random access during HO if the association between the sets of CSI-RS and the RACH resources is provided in HO command. 
It is assumed in RAN1 that NR-PSS, NR-SSS and NR-PBCH are presented in every SS block, and it was agreed in RAN1#88bis meeting that NR-PBCH can be used to indicate time index within an SS burst set. So the time index can be used to differentiate each SS block within an SS burst set. In single-TRP deployment scenario, the time index can identify a SS block uniquely. But in multiple-TRP deployment scenario, whether the time index can uniquely identify a SS block depends on network implementation, i.e. planning on DL beam sweeping to avoid SS block collision in the same time slot from different TRPs. If SS block collision occurs, random access procedure may fail even if the association between NR-SS and RACH resources are provided, since UE may selects wrong Tx beam for Msg1 transmission, which can’t be received by the network. In initial access, UE can perform RA retrials with looser latency requirement. However, RA retrials during HO is undesirable due to the rigid latency requirement in HO, which may result in HO failure. 
Observation 4: Msg1 transmission may fail if SS blocks from different TRPs collide in the same slot in the multiple TRP deployment scenario. 
If CSI-RS is configured for RRM measurement, an ID for each CSI-RS should be assigned. Since each CSI-RS is uniquely identified, DL beam collision can be avoided. If the HO command provides the association between the sets of CSI-RS and the RACH resources, based on the DL measurement on the CSI-RS, UE can select the RACH resource with corresponding UE Tx beam if beam correspondence is available at the UE side. In RAN1#88bist meeting, it was agreed that the RACH configuration provides at least RACH time/freq. information and RACH preamble format.
Observation 5: DL beam collision can be avoided by CSI-RS if each CSI-RS is uniquely identified.
Based on the observations above, the association between CSI-RS and RACH resources can also be provided in the HO command. The flexibility for the network to select which DL signal, i.e. NR-SS or CSI-RS for random access during HO should be allowed. 
Proposal 1: HO command can provide the association between one or multiple CSI-RS occasions and a set of RACH configurations for the target cell.
Proposal 2: Random access during HO can use DL beams of the target cell with either NR-SS or CSI-RS or both for RRM measurement. HO command indicates which one to use. 
2.2 Beam Correspondence
In NR with multiple-beam operation, the availability of beam correspondence is important to determine the Tx-Rx beam pair in both DL and UL. During random access, beam sweeping at the transmitter side or/and receiver side can be avoided especially for Msg1 transmission/reception. So the latency to establish the radio link can be reduced.
Taking random access for initial access for example, exhaustive beam search between TRP Tx beam for different SS blocks and UE Rx beam can be performed for DL beam tracking. So a DL beam pair can be selected when DL profile matrix is acquired at UE. For example, UE can determine the TRP Tx-UE Rx beam pair with strongest RSRP. UE selects a RACH resource associated to the NR-SS having strongest RSRP.
In Figure 1.a, if Tx/Rx beam correspondence is available at both network side and UE side, UE can utilize the best UE Tx beam for preamble transmission and the best UE Rx beam for RAR reception. 
In Figure 1.b, if Tx/Rx beam correspondence is available at network side but not available at UE side, UE needs to perform UL Tx beam sweeping for preamble transmission and the best UE Rx beam for RAR reception. In this case, UE needs to transmit multiple Msg.1 over multiple RACH transmission occasions with different UE Tx beams. It’s FFS whether a UE can transmit single or multiple Msg.1 before the end of a monitored RAR window. 
In Figure 2.a, if Tx/Rx beam correspondence is not available at network side but available at UE side, UE can utilize the best UE Tx beam for preamble transmission and the best UE Rx beam for RAR reception. However, UE needs to repeat the preamble transmissions to make the network side to perform UL Rx beam sweeping. The multiple preambles can be considered as a random access preamble format, which can be configured by the network. 
In Figure 2.b, if Tx/Rx beam correspondence is available neither at network side nor UE side, UE needs to perform UL Tx beam sweeping for preamble transmission and the best UE Rx beam for RAR reception. In this case, UE needs to transmit multiple Msg.1 over multiple RACH transmission occasions with different UE Tx beams. Furthermore, for each Msg. 1 transmission with one UE Tx beam, UE needs to repeat the preamble transmissions to make the network side to perform UL Rx beam sweeping.



  Figure 1.a Tx/Rx beam correspondence at UE              Figure 1.b No Tx/Rx beam correspondence at UE
Figure 1 Tx/Rx beam correspondence at the network




  Figure 2.a Tx/Rx beam correspondence at UE              Figure 2.b No Tx/Rx beam correspondence at UE
Figure 2 No Tx/Rx beam correspondence at the network
Observation 6: Without Tx/Rx beam correspondence at the network side, UE needs to repeat the preamble transmissions to make the network side to perform UL Rx beam sweeping for a UE Tx beam. 
Observation 7: Without Tx/Rx beam correspondence at the UE side, UE needs to transmit multiple Msg.1 over multiple RACH transmission occasions with different UE Tx beams to perform UL Tx beam sweeping. 
Whether Tx/Rx beam correspondence is hold at the network side can be transparent to UE, because network can configure proper random access preamble format with/without preamble repetition. 
Whether Tx/Rx beam correspondence is hold at the UE side more relies on UE capabilities. During initial access, this information is hard to be known by the network, so UE Tx beam sweeping may be assumed at the network side. However, for random access during HO, this information has already available at the source cell, which can be forwarded to the target cell. So the RACH resources as well as the latency of the random access can be proper controlled, especially when RA retrials are considered, which may start from power ramping or change the Tx beam for Msg1 transmission. 
Proposal 3: UE capability of beam correspondence is forwarded to the target gNB in the HO request message.
2.3 Beam selection
During RAN2#97bis meeting, it was agreed UE selects a suitable beam from all beams of the target cell and UE can perform CBRA on the selected beam if CFRA resources are not available. The criterion of ‘suitable beam’ is not clear, although lots of the companies think it’s the best beam. In normal case, it’s expected the best beam is the one as reported in measurement report, and CFRA resource associated to the best beam is provided in the HO command. However, it is not always true considering the fast channel variation and the non-negligible latency between measurement report transmission and random access initiation in HO execution. So the best beam at the UE side may change when UE performs beam selection for random access and there is no CFRA for the selected beam. 
Considering CBRA has longer latency than CFRA and probability of RA retrials due to contention, it may not a good choice to perform CBRA on the best beam if there is another beam available with CFRA resources configured. Which beam to select depends on the RSRP difference between those beams can be selected. If the RSRP of the beam with CFRA resource configured is above certain threshold, UE can select the beam to perform CFRA. 
Proposal 4: How to select the suitable beam for Msg1 transmission during HO is left to UE implementation. 
3 Conclusion 
Based on the observations:
Observation 1: RRM measurement is used for network to determine the target cell for HO and configure the association between DL signal/channel and RACH resources of the target cell. 
Observation 2: CONNECTED RRM measurement can be performed on either NR-SS, or CSI-RS or both. 
Observation 3: UE can access the finer beams of the target cell as early as in the random access during HO if the association between the sets of CSI-RS and the RACH resources is provided in HO command. 
Observation 4: Msg1 transmission may fail if SS blocks from different TRPs collide in the same slot in the multiple TRP deployment scenario. 
Observation 5: DL beam collision can be avoided by CSI-RS if each CSI-RS is uniquely identified.
Observation 6: Without Tx/Rx beam correspondence at the network side, UE needs to repeat the preamble transmissions to make the network side to perform UL Rx beam sweeping for a UE Tx beam. 
Observation 7: Without Tx/Rx beam correspondence at the UE side, UE needs to transmit multiple Msg.1 over multiple RACH transmission occasions with different UE Tx beams to perform UL Tx beam sweeping. 
We propose:
Proposal 1: HO command can provide the association between one or multiple CSI-RS occasions and a set of RACH configurations for the target cell.
Proposal 2: Random access during HO can use DL beams of the target cell with either NR-SS or CSI-RS or both for RRM measurement. HO command indicates which one to use. 
Proposal 3: UE capability of beam correspondence is forwarded to the target gNB in the HO request message.
Proposal 4: How to select the suitable beam for Msg1 transmission during HO is left to UE implementation. 
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