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1. Introduction
In this contribution, we discuss corrections and clarification needed for mobility related measurements for NR Rel-15.

2. Measurements in Initial DL BWP
RAN2 has requested information regarding measurements in initial DL BWP in [1]. Some of the questions have been resolved in RAN1 and LS to RAN2/4 has been sent in [2]. In this section, we provide responses to questions from RAN2 based on RAN1 agreements made in RAN1 #93.

The following is the first issue identified by RAN2 and list of questions associated with the first issue.
Issue #1: 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: 
Question #1a: Perform BM based on the SS/PBCH block associated to the initial DL BWP?
Question #1b: Perform BFD based on the SS/PBCH block associated to the initial DL BWP?
Question #1c: Perform RLM based on the SS/PBCH block associated to the initial DL BWP?
Question #1d: Monitor the SS/PBCH block associated to the initial DL BWP to receive broadcast SI / paging based on CORESET#0 and searchspace#0? (assuming the same SCS is used in the active BWP as that of initial BWP)
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Figure 1. Illustration of Issue #1 from RAN2 LS

Discussion on Question 1a/1b/1c:
It was agreed and captured in both RAN1 (TS38.213) and RAN4 (TS38.133) specifications that UE is not expected to perform RLM measurements outside the active DL BWP. The only agreed exception to this is if UE is configured to use the initial active DL BWP. In such case UE is expected to perform RLM/RRM measurements. This is possible since the bandwidth span of both initial DL BWP and SSB is always smaller than the bandwidth that all UEs needs to support (i.e. minimum UE bandwidth).
However, for regular active DL BWP, there would be no guarantee that bandwidth span of the active DL BWP and SSB can be contained within the minimum UE bandwidth. Although, there could be cases where the span of the active DL BWP and SSB is contained within the minimum UE bandwidth, being able to perform RLM measurements outside the active DL BWP would go directly against RAN1 agreements. Similar logic applies to BM and BFD measurements as well.
It should be noted that for multiplexing pattern 1, SSB is always contained within the initial active BWP and therefore any active BWP that encompasses initial DL BWP should be able to perform measurements using the SSB. 
The following is the agreement from RAN1 #93 describing the only exception rule for measurements outside the active DL BWP.
	Agreements from RAN1 #93:
· 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



Based on discussions above, we propose to respond back to RAN2 with the following:
Proposal 1:
· Respond to LS from RAN2, R1-1808174, Question 1a/1b/1c with the following response.

Response #1a/1b/1c: 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, UE is not required to perform BM, BFD, and RLM based measurements on the SS/PBCH block associated to the initial DL BWP.

Discussion on Question 1d:
In general, the gNB can configure appropriate RSs that is described by the TCI state entries and active a specific TCI state entry for PDCCH. However, the design details behind CORESET #0 and search space #0 is not 100% complete. In the last meeting, it was agreed that SSB/CORESET #0/SS #0 beams are maintained at least for non-unicast PDCCH transmission and reception. The following is the agreement from RAN1 #93.
	Agreements:
1. NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
0. Solutions FFS
1. For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
1. Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0




Therefore, it is difficult to provide a response to RAN2 completely. With the current specification as it stands, if the UE is configured to monitor PDCCH from CORESET #0 and search space #0 from a newly configured active DL BWP that includes initial DL BWP but not SS/PBCH blocks, UE may not be able to obtain required channel estimation related parameters, and optimal Rx beam information since UE is not required to perform measurements outside the active DL BWP. The only exception is when the UE is configured with initial active DL BWP. This can potentially pose issue in reception of PDCCH from CORESET #0 and search space #0.
Based on discussions above, we propose to respond back to RAN2 with the following:
Proposal 2:
· Respond to LS from RAN2, R1-1808174, Question 1d with the following response.

Response #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, the current specification does not require the UE to perform RLM/BFD measurements to SS/PBCH block. Monitoring of the SS/PBCH block for reception of PDCCH transmitted in CORESET #0 and search space #0 may be required for the UE obtain appropriate channel estimation parameters and appropriate Rx beam configuration information. Therefore, potentially pose problems for the UE receive PDCCH transmitted in CORESET #0 and search space #0. This problem can be avoided if the gNB configures active DL BWP that includes both initial active DL BWP and SS/PBCH block when reception of PDCCH over CORESET #0 and search space #0 is required.
Please note that TCI state configuration and allowed PDCCH transmission in CORESET #0 and search space #0 is still being discussed in RAN1. In RAN1 #93, the following agreement was made regarding PDCCH reception over CORESET #0 and search space #0.
	Agreements:
1. NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
3. Solutions FFS
1. For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
1. Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0



Therefore, whether such described configuration is supported and if so how is currently unclear and requires further work in RAN1 to resolve.


The following is the first issue identified by RAN2 and list of questions associated with the first issue.
Issue #2: For an active DL BWP that overlaps with neither the initial DL BWP nor with the SS/PBCH block associated to the initial DL BWP (from now on: "non-overlapping" active DL BWP), RAN2 understands that additional CORESET/search space(s) need to be configured in the active DL BWP to provide SI broadcast and paging to a connected UE. What is not clear is whether an SS/PBCH block necessarily needs to be associated to the additional CORESET/search space(s) and, specifically, if a UE needs to monitor such SS/PBCH block.
Note that, at least for Rel-15, RAN2 has agreed that - for all purposes apart from RRM measurements - a UE will only be configured with a single SS/PBCH block, i.e. the one associated to the initial DL BWP. So RAN2 discussed whether, in a "non-overlapping" active DL BWP, broadcast transmission of SI/paging could be spatially QCL'ed with the SS/PBCH block associated to the initial DL BWP and if the UE could monitor such SS/PBCH block for this purpose. In fact, based on previous agreements, RAN2 assumes that, in a "non-overlapping" active DL BWP, a UE will be required to monitor the SS/PBCH block associated to the initial DL BWP only for RRM measurements (potentially using gaps), but not for BM, BFD, RLM (with the possible exception of the scenario covered by Issue#1, for which RAN2 is seeking answer). Whether the UE could monitor such SS/PBCH block also for receiving SI broadcast and paging is unclear. 
Question #2a: In a "non-overlapping" active 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? If yes, could this be the SS/PBCH block associated to the initial DL BWP? And under which conditions, if any, could the UE monitor it for this purpose?
Question #2b: In a "non-overlapping" active 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 paging? If yes, could this be the SS/PBCH block associated to the initial DL BWP? And under which conditions, if any, could the UE monitor it for this purpose?

Discussion on Question 2a/2b:
In general, a CORESET configuration for an DL BWP, may not necessarily need to be spatially QCL’ed with SSB of the cell. TCI state configuration provides the QCL mapping of CORESET to specific RSs. More specifically, DMRS of PDCCH transmitted as part of a CORESET can be spatially QCLed to CSI-RS configured with trs-info (i.e TRS), or CSI-RS configured with repetition (i.e. BM RS). If the TCI state has not be activated (either by single entry TCI state configuration or MAC CE activation of an TCI state entry), UE may assume the CORESET is QCLed with SSB that the UE had identified during the initial access procedure.
This should also apply to CORESET/search space configured to receive SI broadcast and paging outside the initial active DL BWP. The gNB may be able to operate the SI broadcast and paging for non-overlapping active DL BWP to use different set of beams compared to beams used for SI broadcast and paging in initial DL BWP. If the gNB is able to maintain and keep record of set of beams that are used by group of UEs configured with the non-overlapping active DL BWP, it would be possible to transmit the SI broadcast and paging information using only the set of beams for that group of UEs. Since the gNB does not need to perform full beam sweep transmission of broadcast information, this would allow the gNB to transport broadcast and paging messages to CONNECTED mode UEs efficiently.
From technical standpoint, it would be feasible to provide QCL mapping between SSB in the initial DL BWP and CORESET configured in the non-overlapping active DL BWP. This may require the UE use measurement-gap (or something similar) to perform measurements of SSB in the initial DL BWP prior to reception of PDCCH within the active DL BWP. This is not a desirable operation for the UE, as it introduces micro gaps in which UE may not be able to receive signal from the gNB. The current specification does not allow this operation, given that UE is not required to perform BM/BFD/RLM measurements outside the active DL BWP. Such configuration would be impractical.
Based on discussions above, we propose to respond back to RAN2 with the following:
Proposal 3:
· Respond to LS from RAN2, R1-1808174, Question 2a/2b with the following response.

Response #2a/2b:  UE is not required to monitor an SSB outside the “non-overlapping” active DL BWP for reception of SI broadcast and paging information. Appropriate TCI states could be configured for the CORESET/search space of the SI broadcast and paging information, such that UE does not need to perform measurements of SSB outside the “non-overlapping” active DL BWP. 

3. Conclusions
	In this contribution, we discussed corrections and clarification needed for mobility related measurements for NR Rel-15. Our proposals are summarized as below:
Proposal 1:
· Respond to LS from RAN2, R1-1808174, Question 1a/1b/1c with the following response.

Response #1a/1b/1c: 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, UE is not required to perform BM, BFD, and RLM based measurements on the SS/PBCH block associated to the initial DL BWP.

Proposal 2:
· Respond to LS from RAN2, R1-1808174, Question 1d with the following response.

Response #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, the current specification does not require the UE to perform RLM/BFD measurements to SS/PBCH block. Monitoring of the SS/PBCH block for reception of PDCCH transmitted in CORESET #0 and search space #0 may be required for the UE obtain appropriate channel estimation parameters and appropriate Rx beam configuration information. Therefore, potentially pose problems for the UE receive PDCCH transmitted in CORESET #0 and search space #0. This problem can be avoided if the gNB configures active DL BWP that includes both initial active DL BWP and SS/PBCH block when reception of PDCCH over CORESET #0 and search space #0 is required.
Please note that TCI state configuration and allowed PDCCH transmission in CORESET #0 and search space #0 is still being discussed in RAN1. In RAN1 #93, the following agreement was made regarding PDCCH reception over CORESET #0 and search space #0.
	Agreements:
1. NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
6. Solutions FFS
1. For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
1. Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0



Therefore, whether such described configuration is supported and if so how is currently unclear and requires further work in RAN1 to resolve.
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Proposal 3:
· Respond to LS from RAN2, R1-1808174, Question 2a/2b with the following response.

Response #2a/2b:  UE is not required to monitor an SSB outside the “non-overlapping” active DL BWP for reception of SI broadcast and paging information. Appropriate TCI states could be configured for the CORESET/search space of the SI broadcast and paging information, such that UE does not need to perform measurements of SSB outside the “non-overlapping” active DL BWP. 
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