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1. Introduction
In this contribution, some remaining issues on mobility procedure are discussed.
2. Discussion
2.1. Collision of neighbour cell RRM measurement occasions and serving cell UL/flexible symbols

For serving cell, the RRM-RS is allowed to be configured in the DL slots/symbols or flexible slots/symbols configured by semi-static DL/UL assignment or dynamic SFI. For neighboring cell RRM measurement, if the SS block or CSI-RS for RRM measurement are also transmitted in the time instance which are DL slots/symbols and flexible slots/symbols of the serving cell as shown in Figure 1, then the RRM measurement for neighboring cell still could be performed.
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Figure 1: RRM measurement for neighboring cell

There can be multiple scenarios where the SSB or CSI-RS configured for RRM measurement in the neighbor cells colliding with serving cell UL symbol or UL slots.
Case 1: Neighbor cell CSI-RS for RRM colliding with serving cell UL symbol/slot

For CSI-RS based RRM measurement , if CSI-RS for RRM is configured on flexible resources configured by RRC signaling, dynamic SFI or PDCCH indicating PUSCH/PUCCH/SRS/PRACH transmission may indicating an UL transmission direction on these symbols. Therefore, the neighbor cell CSI-RS for RRM may collide with serving cell UL symbol/slot.
As specified in section 11.1 of [1], 

	For a set of symbols of a slot indicated to a UE as flexible by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and tdd-UL-DL-ConfigDedicated, when provided to the UE, or when higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and tdd-UL-DL-ConfigDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
      ……

-    If the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink.
……
If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot. 


It can be noted that the CSI-RS based RRM measurement for the neighbor cell is canceled if CSI-RS resources for neighboring cell measurement collide with UL/flexible symbols of the serving cell, since the CSI-RS reception is canceled.

Observation 1: The CSI-RS based RRM measurement for the neighboring cell is cancelled if CSI-RS resources for neighboring cell measurement collide with UL/flexible symbols of the serving cell.
Case 2: Neighbor cell SSB for RRM colliding with serving cell UL symbol/slot
In intra-frequency measurement, the transmitted SSB may be different for each cell. Such configuration may be used to improve the SINR for SSB detection. As shown in figure 2, SSB#1 is not transmitted in the corresponding symbols in the serving cell. Supposing, cell#1 is serving cell where SSB#1 is not transmitted, while in the same frequency layer, SSB#1 is transmitted in cell#2.
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Figure 2: different actual transmitted SSBs between cells in the same frequency layer
If cell #1 and cell #2 use different UL/DL configuration and the symbols for SSB #1 measurement of the serving cell is configured as
· UL, or
· Flexible, and the symbols are configured as uplink by DCI format 2_0, or used for PUSCH/PUCCH/SRS/PRACH transmission which is indicated by DCI format 0_0/0_1/1_1/2_3
In these cases, there will be a confliction between the serving cell UL transmission and neighboring cell RRM measurement. 
To solve the issue in the above cases, similar UE behavior as that for CSI-RS based neighboring cell RRM measurement can be defined for SSB based neighboring cell RRM measurement. If a UE is configured by higher layers to perform SSB based intra-frequency RRM measurements on OFDM symbols where SSB is transmitted, and the UE detects a dynamic-SFI indicating a subset of these symbols as uplink or flexible, or the UE detects DCI format 0_0/0_1/1_1/2_3 indicating PUSCH/PUCCH/SRS/PRACH transmission on at least one symbol in the set of the symbols, UE cancels the SSB based neighbouring cell RRM measurements.
In the cases where DCI format 2_0 monitoring is not configured and uplink transmission is not scheduled in the set of symbols of the SSB to be measured, SSB based RRM can still be performed.
Proposal 1: In case intra-frequency neighbor cell SSB based RRM measurement occasion collides with serving cell UL/flexible symbols, following UE behaviors are defined

· UE cancels RRM measurements when the UE detects a dynamic-SFI indicating at least one of symbols where SSB is transmitted as uplink or flexible, or when UE detects DCI format 0_0/0_1/1_1/2_3 indicating PUSCH/PUCCH/SRS/PRACH transmission in at least one of symbols where SSB is transmitted.
· When DCI format 2_0 monitoring is not configured and uplink transmission is not scheduled in any symbols of the SSB to be measured, SSB based RRM can still be performed.
2.2. RLM on Active DL BWPs overlapping/non-overlapping with initial DL BWP
In the RAN1 #93 meeting, the following agreements are made, and informed to RAN2 in [2],
	Agreements:

· When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, for SS/PBCH block based RRM, RLM and [BM] measurement purposes only, UE is expected to be able to measure the SS/PBCH block associated with control resource set configured in PBCH.

· Note: When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, SS/PBCH based RRM, RLM, and [BM] is still possible when the initial active DL BWP does not contain SS/PBCH


As mentioned in [3], 
· For SS/PBCH based RRM, RAN2 had already agreed that multiple SSBs can be configured by using multiple measurement objects, regardless of the SSBs location inside or outside the active DL BWP. So RAN2 assumes that, with the use of measurement gaps (if needed), SS/PBCH based RRM would be possible in this case.

Therefore, further clarification is needed that UE is expected to be able to perform intra frequency RRM measurements based on cell defining SSB, when SSB and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active.
Proposal 2: Further clarification is needed that UE is expected to be able to perform intra frequency RRM measurements based on cell defining SSB, when SSB and control resource set multiplexing pattern 2 or 3 is configured in PBCH and the active DL BWP is the initial DL BWP.
In [3], following questions are raised by RAN2.
Issue #1a/b/c: In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, is it possible for the UE to perform BM/BFD/RLM based on the SS/PBCH block associated to the initial DL BWP?
As discussed in previous RAN1 meetings, when the SS/PBCH block and RMSI CORESET multiplexing pattern 2 or 3 are configured in PBCH and the initial DL BWP is active, SSB based RLM/BFD/BM can still be performed. Otherwise, RLM/BFD/BM should be performed on the active DL BWP. Therefore, it can be regarded as an exception that RLM/BFD/BM based on SSB outside the active BWP when initial active BWP happens to be the active BWP. 
Moreover, the configuration of active BWP can be quite flexible, if RLM/BFD/BM is expected to be performed based on SSB, a reasonable configuration is to make sure the SSB contained in the bandwidth of active BWP, as illustrated in figure 3-(c)(d). Otherwise, UE may not be able to perform RLM/BFD/BM based on SSB, and CSI-RS resources should be configured for these purposes instead. In other words, the function of SSBs are not fully exploited, and additional CSI-RS should be configured, which is a waste of radio resources.
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Figure 3: Preferred configuration of active BWP
Issue #1d: In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, is it possible for the UE to monitor the SS/PBCH block associated to the initial DL BWP to receive broadcast SI / paging based on CORESET#0 and searchspace#0?
As specified in [1], 

	For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: image4.wmf]10
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 search space sets where, for each search space set from the [image: image5.wmf]S

 search space sets, the UE is provided the following by higher layer parameter SearchSpace: 
……

-
if search space set 
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 is a common search space set, 

-
an indication by higher layer parameter dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-RNTI or a CS-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI;

      ……


For each active DL BWP overlapping with the initial active BWP, the monitoring of SI and paging can be configured through dedicated RRC signaling, and the physical resources of dedicated configured SI/paging may be shared with the broadcast SI/paging in the initial active BWP, which is up to network implementation. Besides, the TCI-states, the CORESET refers to, may be CSI-RS resources other than SSBs. Therefore, UE does not necessarily need to monitor SSB to receive broadcast SI/paging based on CORESET#0 and searchspace#0.
Nevertheless, similar to analysis for issue#1a/b/c above, it may be more reasonable to make sure SSBs confined in the active BWP. Otherwise, additional CSI-RS resources have to be configured for TCI-state reference purpose, which may lead to waste of radio resources.
Observation 2: If the active BWP overlap with the initial active BWP, it is preferred that the cell defining SSB is also confined in the bandwidth of active BWP, if UE is expected to perform RLM/BFD/BM based on SSB and receive broadcast SI/paging based on CORESET#0 and searchspace#0. Otherwise, additional CSI-RS resources should be configured.
Issue #2: In an active DL BWP not overlapping with the initial DL BWP, does a UE necessarily need to monitor an SS/PBCH block associated to the additional CORESET/search space to be able to receive SI broadcast or paging?
As discussed above, in cases the active BWP not overlap with cell defining SSBs, SI and paging can be scheduled by the DCI format 1_0 in dedicatedly configured common search space, and the TCI states of CORESET may refer to CSI-RS resources, not necessarily refer to SSBs. Therefore, it is not necessary for a UE to monitor SSB outside the active BWP for SI and paging reception, if the active BWP, except for initial active BWP, does not overlap with cell defining SSBs.
Observation 3: In cases the active BWP not overlapping with cell defining SSB, UE does not need to monitor cell defining SSB for SI and paging reception.
Based on the discussion above, we have the following proposal:
Proposal 3: In case the active DL BWP not overlapping with cell defining SSB, 
· SSB based BM/BFD/RLM is not allowed and CSI-RS resources should be configured for these purposes instead.
· UE does not need to monitor cell defining SSB for SI and paging reception.
2.3. CSI-RS reception during DRX
	Agreements:
· UE is not required to measure CSI-RS configured for L3 mobility outside the active time

· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation

· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 


According to the above agreement in [4], UE is not required to measure CSI-RS for L3 mobility outside the active time. It is proposed in [5] that the network can stop the CSI-RS transmissions during the inactive period of C-DRX UE to reduce the overhead. However, in a real deployment, the CSI-RS is usually shared with multiple UEs (including UEs of a neighbor cell or other TRPs), thus generally it is not applicable to dynamically turn on/off the CSI-RS only if a UE goes into the inactive period. Moreover, from a UE perspective, UE may still wake up and measure CSI-RS during inactive period due to some reasons according to its implementation. Therefore, we propose that UE can assume that the configured CSI-RS resources for L3 mobility are present outside the active time. Similarly, the configured CSI-RS resource for RLM can also be assumed to be present outside the active time.
Proposal 4: UE can assume that the configured CSI-RS resources for L3 mobility and RLM are present outside the C-DRX active time. 
3. Conclusion

In this contribution, we discuss some remaining issues for RRM measurement, and have the following proposal:

Observation 1: The CSI-RS based RRM measurement for the neighboring cell is cancelled if CSI-RS resources for neighboring cell measurement collide with UL/flexible symbols of the serving cell.
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Proposal 1: In case intra-frequency neighbor cell SSB based RRM measurement occasion collides with serving cell UL/flexible symbols, following UE behaviors are defined

· UE cancels RRM measurements when the UE detects a dynamic-SFI indicating at least one of symbols where SSB is transmitted as uplink or flexible, or when UE detects DCI format 0_0/0_1/1_1/2_3 indicating PUSCH/PUCCH/SRS/PRACH transmission in at least one of symbols where SSB is transmitted.
· When DCI format 2_0 monitoring is not configured and uplink transmission is not scheduled in any symbols of the SSB to be measured, SSB based RRM can still be performed.

Proposal 2: Further clarification is needed that UE is expected to be able to perform intra frequency RRM measurements based on cell defining SSB, when SSB and control resource set multiplexing pattern 2 or 3 is configured in PBCH and the active DL BWP is the initial DL BWP.

Observation 2: If the active BWP overlap with the initial active BWP, it is preferred that the cell defining SSB is also confined in the bandwidth of active BWP, if UE is expected to perform RLM/BFD/BM based on SSB and receive broadcast SI/paging based on CORESET#0 and searchspace#0. Otherwise, additional CSI-RS resources should be configured.
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Observation 3: In cases the active BWP not overlapping with cell defining SSB, UE does not need to monitor cell defining SSB for SI and paging reception.
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Proposal 3: In case the active DL BWP not overlapping with cell defining SSB, 
· SSB based BM/BFD/RLM is not allowed and CSI-RS resources should be configured for these purposes instead.
· UE does not need to monitor cell defining SSB for SI and paging reception.
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Proposal 4: UE can assume that the configured CSI-RS resources for L3 mobility and RLM are present outside the C-DRX active time. 
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