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1. Introduction
Due to the tight timeline and heavy workload in RAN4, or lack of consensus, there are some important and necessary RRM requirements not being specified in Rel-16.

In this contribution we provide justifications of a new WID to specify RRM requirements for enhanced UE transmit timing adjustment enhancement, additional use cases for CSI-RS based L3 measurement, reducing the RRC processing delay of RRC release with redirection and TCI state switch failure under NR-U.
2. Justification
2.1 UE transmit timing adjustment enhancement
UE transmit timing adjustment is essential for BS demodulation performance and thus has big impact on system throughput. In latest Rel-16 spec TS38.133, the UE can only adjust uplink transmit timing gradually according to specified rules with maximum autonomous time adjustment step and maximum/minimum aggregate adjustment rate.

The UE adjusts uplink transmit timing based on downlink timing of reference cell. When there is change of reference downlink timing, the uplink transmit timing is adjusted accordingly. The maximum autonomous timing adjustment step is Tq.  So when the reference downlink timing change (jump) is larger than Tq then it is not possible for the UE to compensate the timing change in one adjustment. Furthermore the direction of compensation for large timing jump may be different compared to gradual timing adjustment. So current standardized UE transmit timing adjustment mechanism cannot work when there is large timing jump of reference downlink timing.
In previous RAN4 meetings, two scenarios were identified that there can be very large downlink timing jump.

Scenario 1. Active TCI state switch

There are many reasons that active TCI state switch could be triggered by network. One possible case could be TCI state switch from NLOS to LOS or vice versa due to variation of propagation environment. In this cases it is high likely that downlink timing jump could be very large.
Scenario 2. UE autonomous Rx beam switch

UE may autonomously switch RX beam due to environment variation based on UE implementation. One case could still be that the Rx beam directed from LOS to NLOS or vice versa. Similarly large downlink timing jump is highly possible.
So when the beam pair change is due to variation of propagation environment, no matter it is active TCI state switch, or UE Rx beam switch, or both, large downlink timing jump is highly possible.

There were extensive discussions in previous RAN4 meeting on how to handle this situation. However there was no consensus being reached. In the end no mechanisms in the Rel-15 and Rel-16 spec can handle the large downlink timing jump.
If UE doesn’t compensate the large timing jump in uplink transmission, BS demodulation performance will be highly degraded and even may not be possible demodulate at all if the uplink signal exceeds reception window too much. In this case BS also cannot estimate new TA value due to loss of uplink signal. Even if it is possible to receive with degraded performance it could take very long time to update TA. It is high likely that uplink resynchronization with RACH procedure is unavoidable in some cases. This is a very significant issue to be addressed. Therefore it is necessary to specify new UE transmit timing adjustment mechanisms at least in Rel-17. It is also necessary to study if the mechanism can be specified in release independent manner.

Proposal 1: Introduce RRM requirements for enhanced UE transmit timing adjustment mechanisms to handle large downlink timing jump at least in Rel-17.
When UL spatial relation switch is concerned, similar timing adjustment issue is identified. The UL spatial relation could be associated with DL RS that has different downlink timing. The uplink transmit timing should be adjusted accordingly based on downlink timing of the associated DL RS. It was agreed in the RAN4#95-e meeting to study whether UE should meet initial transmit timing accuracy requirements after UL spatial relation switch. However in the RANP#88-e meeting it was excluded from Rel-16. Without necessary initial transmit timing accuracy for UL spatial relation switch the same issues as above, e.g. poor BS demodulation performance or even uplink synchronization failure, will occur. 
Proposal 2: Introduce enhanced uplink transmit timing requirements for UL spatial relation switch in Rel-17.
2.2 CSI-RS based L3 mobility enhancement
The RRM requirements for CSI-RS based L3 mobility have been discussed in Rel-16. It was agreed that following requirements will be specified in Rel-16.
Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE
· No requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16 
Define inter-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· Inter-frequency CSI-RS resource to be measured with gap that is not confined in the active BWP
When CSI-RS resource of serving cell is not available in all configured MOs, no requirements are defined for the MOs configured for CSI-RS based RRM measurement
Therefore only requirements for limited use cases will be specified in Rel-16. There are also other important use cases for which RRM requirements should be specified.
· Case 1. The BW of the target CSI-RS resources is not within the active BWP of the UE for intra-frequency measurement
It is not possible to guarantee that BW of neighbor cell CSI-RS resources are always in the active BWP of the UE for intra frequency measurement. The BWP switching can be triggered by DCI/Timer/RRC. It could be dynamic for DCI/Timer triggered BWP switching. Suppose CSI-RS resources are configured for intra-frequency measurement initially, e.g. BW of target CSI-RS resources are within the active BWP of the UE. If the active BWP doesn’t contain or partially contain the target CSI-RS resources after BWP switching, then there is no requirement applicable. The UE behavior is undefined. This will make the CSI-RS based intra-frequency measurement very difficult to use in practical network.
· Case 2. The BW of the target CSI-RS resources is within the active BWP of the UE for inter-frequency measurement
In Rel-16 the requirements for CSI-RS based inter frequency measurements will be defined that target CSI-RS resources are not confined in the active BWP. Similarly, this cannot be guaranteed due to dynamic BWP switching. It is necessary to specify RRM requirements for inter-frequency measurements when target CSI-RS resources are within the active BWP of the UE.
· Case 3. When CSI-RS resource of serving cell is not available in all configured MOs
The measurement of CSI-RS resources of neighbor cells without CSI-RS resources of serving is usually used for offloading purpose. The use case is typical. When CSI-RS resource of serving cell is not available, the measurement is inter frequency measurement. So inter frequency measurement requirements should be specified for the use case.

· Case 4. When associated SSB is not configured
It was agreed that no requirements shall be defined in Rel-16 for CSI-RS L3 measurement when associated SSB is not configured. However there is important use case that associated SSB is not necessary to be configured, for example when there is intra-band serving cell which can be used as timing reference. Without configuring associated SSB there is no need to detect associated SSB so the measurement delay can be reduced significantly. Furthermore there are cells without SSB so that no associated SSB can be configured.
· Case 5. CSI-RS resources in the same MO have different BWs
This could provide flexibility of measurement configuration for CSI-RS based measurement. So RRM requirements should be specified for the use case.
Depending on further discussion in the next RAN4 meeting, there may be other use cases that cannot not be included in Rel-16 due to tight timeline. It can be considered in Rel-17 then.

· Case 6. Multiple MOs for CSI-RS measurement as one frequency layer
In the RAN4#96-e meeting, it was agreed that in Rel-16 one MO configured for CSI-RS based measurement is one frequency layer. Even if multiple MOs have same SSB center frequency and CSI-RS resources center frequency it is counted as multiple frequency layers. In RAN4 it was agreed that 192 CSI-RS resources can be configured in one MO when associated SSB is configured, which are 96 in current specs. However the number is still no enough for CSI-RS based L3 mobility. Limited number of cells can be configured for intra-frequency and inter-frequency measurement. The mobility performance is highly compromised if CSI-RS based measurement is used. 
Proposal 3: Introduce RRM requirements for CSI-RS based RRM measurements for the use cases below in Rel-17.

· Case 1. The BW of the target CSI-RS resources is not within the active BWP of the UE for intra-frequency measurement

· Case 2. The BW of the target CSI-RS resources is within the active BWP of the UE for inter-frequency measurement
· Case 3. When CSI-RS resource of serving cell is not available in all configured MOs
· Case 4. When associated SSB is not configured

· Case 5. CSI-RS resources in the same MO have different BWs
· Case 6. Multiple MOs for CSI-RS measurement as one frequency layer

2.3 RRC release with redirection enhancement
The RRM requirements for RRC release with redirection have been discussed in Rel-16. One thing left to be further studied is whether and how to reduce the RRC processing delay of 110 ms to a smaller value. 110 ms was inherited from LTE and is re-used for R15 and R16 NR, however it’s comparatively much longer than processing delay of other RRC messages. The motivation here is to reduce the RRC processing delay in RRC release with redirection so that the overall delay could be reduced, which would increase the overall network performance.

During the past RAN4 meetings companies have already discussed a bit on whether to reduce the delay and the possible reduced value. It was agreed in RAN4 #95-e Chairman Notes that:

The value of TRRC_procedure_delay may be discussed in R17 and close the discussion for R15/R16.
We think this topic should be discussed as a possible enhancement to the current RRM requirements thus propose to include this topic into this WI.

Proposal 4: Specify RRM core requirements if necessary and modify test cases of reduced RRC processing delay for RRC release with redirection in Rel-17.

2.4 TCI state switching failure under NR-U
How to handle TCI state switching under NR-U has been discussed in RAN4 for several meetings. Since companies had different views, a LS was sent to RAN2 to ask if additional enhancement should be supported to solve the issue introduced by LBT failures during RRC and MAC-CE based TCI state switching. The LS reply from RAN2 didn’t support to introduce new mechanisms. 
For MAC-CE and RRC based TCI state switching, there is no clear UE behavior defined in RAN4 specifications. This would cause a problem for the network that the network doesn’t know what state the UE is in. With no clear UE behaviors, the RLF will be triggered after the evaluation period. This will decrease the efficiency of the network.
Some candidate UE behaviors have been shortly discussed in RAN4, such as staying at the old state, declaring beam failure and switching to another DL BWP. These options all have their advantages but also drawbacks. Staying in the old state cannot ensure the transmission since TCI state switching was triggered in the first place because the beam using currently is of low quality. Declaring beam failure doesn’t solve the problem since in R16, the LBT is done in Omni-directional manner, which essentially means that the LBT results don’t change even when beams are changed. The case might be different if R17 supports to conduct directional LBT. Changing to another DL BWP is not promising since the reference signals are transmitted on the initial BWP which cannot be changed.

Based on the above analysis, we propose to further study how to handle TCI state switching failure under NR-U in R17. 
Proposal 5: Introduce RRM requirements and explicit UE behavior for TCI state switching failure under NR-U in Rel-17.
3. Scope of the WI
The core part of the work item aims to specify RRM core requirements for enhanced UE transmit timing adjustment, additional use cases for CSI-RS based L3 measurement, RRM release with redirection and TCI state switching failure under NR-U.    
[1] UE transmit timing adjustment enhancement [RAN4]

· Discussion and Decision on UE transmit timing adjustment mechanism when there is large downlink timing jump 
· Specify RRM core requirements for new UE transmit timing adjustment mechanism
· Specify UE transmit timing accuracy requirements when there is large downlink timing jump
· Specify UE transmit timing accuracy requirements for UL spatial relation switch
· Discussion and Decision whether to introduce the requirements in release independent manner.

[2] CSI-RS based L3 mobility [RAN4]

· Specify intra frequency measurement requirements for the case that the BW of the target CSI-RS resources is not within the active BWP of the UE
· Specify inter frequency measurement requirements for the case that the BW of the target CSI-RS resources is within the active BWP of the UE
· Specify inter frequency measurement requirements for the case that CSI-RS resource of serving cell is not available in all configured MOs
· Specify RRM requirements for the case when no associatedSSB is configured
· Specify RRM requirements for the case that CSI-RS resources in the same MO have different BWs
· Specify RRM requirements for the case that CSI-RS resources in the same MO have different BWs
· Specify RRM requirements for the case that Multiple MOs for CSI-RS measurement as one frequency layer
[3] RRC release with redirection enhancement [RAN4]

· Discuss and decide the value of reduced RRC processing delay for RRC release with redirection
· Specify RRM core requirements if necessary
[4] TCI state switching failure under NR-U [RAN4]

· Discuss and decide how to handle TCI state switching failure in NR-U
· Specify core RRM requirements
The performance part of the work item aims to specify test cases for enhanced UE transmit timing adjustment, additional use cases for CSI-RS based L3 measurement, RRM release with redirection and TCI state switching failure under NR-U.  
[1] UE transmit timing adjustment enhancement [RAN4]

· Specify test cases for RRM core requirements for enhanced UE transmit timing adjustment [RAN4]

[2] CSI-RS based L3 mobility [RAN4]

· Specify test cases for RRM core requirements for additional use cases of CSI-RS based L3 mobility [RAN4]

[3] RRC release with redirection enhancement [RAN4]
· Modify test cases accordingly after decision on reduced RRC procedure delay for RRC release with redirection [RAN4]

[4] TCI state switching failure under NR-U [RAN4]

· Specify test cases for RRM core requirements for TCI state switching failure under NR-U [RAN4]

4. Conclusion

In this contribution we provide justifications of WID to specify RRM requirements for enhanced UE transmit timing adjustment, additional use cases for CSI-RS based L3 measurement, RRM release with redirection and TCI state switching failure under NR-U.

Proposal 1: Introduce RRM requirements for enhanced UE transmit timing adjustment mechanisms to handle large downlink timing jump at least in Rel-17.
Proposal 2: Introduce enhanced uplink transmit timing requirements for UL spatial relation switch in Rel-17.
Proposal 3: Introduce RRM requirements for CSI-RS based RRM measurements for the use cases below in Rel-17.

· Case 1. The BW of the target CSI-RS resources is not within the active BWP of the UE for intra-frequency measurement

· Case 2. The BW of the target CSI-RS resources is within the active BWP of the UE for inter-frequency measurement
· Case 3. When CSI-RS resource of serving cell is not available in all configured MOs
· Case 4. When associated SSB is not configured

· Case 5. CSI-RS resources in the same MO have different BWs
· Case 6. Multiple MOs for CSI-RS measurement as one frequency layer

Proposal 4: Specify RRM core requirements if necessary and modify test cases of reduced RRC processing delay for RRC release with redirection in Rel-17.

Proposal 5: Introduce RRM requirements and explicit UE behavior for TCI state switching failure under NR-U in Rel-17.
5. References

3GPP


