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1. Introduction
RAN1#107-e has made the following agreements and working assumptions related to DL BWP operation for RedCap UEs (where the differences between the agreements for FR1 and FR2 are indicated in blue colour). 

In this contribution, we discuss the working assumption in RAN1 LS and provide our views on the response to RAN1.
	Agreement:

· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported

· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable

· It is no wider than the maximum RedCap UE bandwidth.

· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement:

· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB

· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB

Agreement:

· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, if a separate inistial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB

· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB




2. Discussion
According to the agreements and working assumptions in RAN1 LS:
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
Based on RAN1 LS, in order to optionally support an RRC configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0 and NCD-SSB), there are three types of RedCap UEs:
· Case 1: Based on FG 6-1a (RAN1 agreement)
· Case 2: Based on FG 6-1a and CSI-RS (RAN1 working assumption)
· Case 3: Based on CSI-RS (RAN1 working assumption)
FG 6-1a is designed to indicate UE supporting a BWP may not include CORESET#0 and SSB from Rel-15. If a UE does not support FG 6-1a, then it cannot be configured with a DL active BWP without SSB. So in our view, FG 6-1a is necessary in order to support the relevant operation without NCD-SSB in RAN1 LS.
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Observation 1: In order to support an RRC-configured active DL BWP in connected mode without CD-SSB, NCD-SSB and the entire CORESET#0, FG 6-1a is necessary.
Hence, in the rest of this contribution, we focus on discussing case 1 and case 2.

· Case 1: Based on FG 6-1a (RAN1 agreement)

· Case 2: Based on FG 6-1a and CSI-RS (RAN1 working assumption)
According to 38.133, UE is not required to perform RLM, BFD, CBD and L1 RSRP/SINR measurement outside the active DL BWP, and UE is required to be capable of performing RLM, BFD, CBD and L1 RSRP/SINR measurement without measurement gaps. So based on current RAN4 spec, if UE supports FG 6-1a and no SSB is transmitted in the DL active BWP for RedCap UE, CSI-RS should be available in order to perform RLM, BFD, CBD and L1 RSRP/SINR measurement. 
[image: image2.png]*8.1 Radio Link Monitoring.

=8.1.1 Introduction.
The requirements in clause 8.1 apply for radio link monitoring on:.
- PCell in SA NR, NR-DC and NE-DC operation mode,.
- PSCell in NR-DC and EN-DC operation mode..

The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s)
in order to detect the downlink radio link quality of the PCell and PSCell as specified in TS 38.213 [3]. The configured
RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs.




[image: image3.png]«8.1.2.3 Measurement restrictions for SSB based RLM.

The UE is required to perform
the SSB measurements with measurement restrictions as described in the following scenarios..

For FR1, when the SSB for RLM is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP
measurement, -

- If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for RLM without any restriction;.
- It SSB and CSI-RS have different SCS..

- IfUE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for RLM without
any restriction:.

- IfUE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both
SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements
are defined..




Observation 2: According to existing 38.133, UE is not required to perform RLM, BFD, CBD and L1 RSRP/SINR measurement outside the active DL BWP and UE is required to be capable of performing measurement without measurement gaps. 
If CSI-RS is also not available in the active BWP and UE needs to perform RF retuning for RLM, BFD, CBD and L1 RSRP/SINR measurement. Then new requirements, e.g. interruptions, may need to be specified in order to support the relevant operation based on FG 6-1a only (case 1), which is challenging for RAN4 to complete the work in Rel-17.
Observation 3: For RLM, BFD, CBD and L1 RSRP/SINR measurement, in order to support DL active BWP without SSB for RedCap UE based on FG 6-1a only (case 1), new requirements need to be discussed, e.g. interruptions.

According to TR38.822, CSI-RS based RLM (FG 1-7) and beam measurement (FG 2-24) are mandatory with capability signaling, beam failure recovery (FG 2-31) is mandatory with capability signaling for FR2 and optional for FR1. Hence, if CSI-RS is available in the active BWP and UE indicates the support of the above features, it is feasible for RedCap UE to support active DL BWP without SSB based on CSI-RS and FG 6-1a (case 2), and no new specific requirements are needed to support this case.
Observation 4: For RLM, BFD, CBD and L1 RSRP/SINR measurement, it is feasible to support DL active BWP without SSB for RedCap UE based on CSI-RS (case 2), and CSI-RS+FG 6-1a (case 3) based on existing RAN4 requirements and UE capabilities.
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Regarding L3 RRM measurement, existing measurement gap can be configured to RedCap UE to perform the serving and neighbor cell measurements. If L3 RRM measurement is based on SSB and no SSB is transmitted within active DL BWP, existing measurement gap can be used for RedCap UE to perform the serving and neighbor cell measurements. If L3 RRM measurement is based on CSI-RS and no SSB is transmitted within active DL BWP, UE needs to first detect PSS/SSS within measurement gap; then perform the CSI-RS measurement. Hence, under the case that DL active BWP without SSB, both SSB based and CSI-RS based L3 RRM measurement are feasible. 
	===============================TS38.133======================================

When measurement gaps are provided, if configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE shall be able to identify a new detectable CSI-RS based inter frequency cell within T CSI-RS_identify_inter,

T CSI-RS_identify_inter = (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TCSI-RS_SFN_inter) ms


Observation 5: For L3 RRM measurement, it is feasible to support DL active BWP without SSB for RedCap UE based on FG 6-1a only (case 1) and CSI-RS+FG 6-1a (case 2) based on existing RAN4 requirements and UE capabilities.
To summarize, in order to support active DL BWP without SSB in connected mode, based on FG 6-1a only is feasible, but will have impact on RAN4 requirements since existing RAN4 requirements does not require UE to perform RLM, BFD, CBD and L1 RSRP/SINR measurement outside the active DL BWP. In order to minimize RAN4 impact considering the limited time left in Rel-17.
Meanwhile, in order to support active DL BWP without SSB in connected mode, based on CSI-RS and FG 6-1a is a feasible solution and existing RAN4 requirements and UE capabilities can all be reused. Hence, in our view, based on CSI-RS and FG 6-1a is preferred for RedCap UE in Rel-17.
Proposal: For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if NCD-SSB is not transmitted, 
· A RedCap UE can in addition optionally support relevant operation based on CSI-RS and FG 6-1a by reporting optional capabilities. 
· No new UE capabilities are needed.
3. Conclusion

In this contribution, we discuss the working assumption in RAN1 LS and provide our views. In the annex, we provide the draft reply LS to RAN1.
Observation 1: In order to support an RRC-configured active DL BWP in connected mode without CD-SSB, NCD-SSB and the entire CORESET#0, FG 6-1a is necessary.
Observation 2: According to existing 38.133, UE is not required to perform RLM, BFD, CBD and L1 RSRP/SINR measurement outside the active DL BWP and UE is required to be capable of performing measurement without measurement gaps. 
Observation 3: For RLM, BFD, CBD and L1 RSRP/SINR measurement, in order to support DL active BWP without SSB for RedCap UE based on FG 6-1a only (case 1), new requirements need to be discussed, e.g. interruptions.

Observation 4: For RLM, BFD, CBD and L1 RSRP/SINR measurement, it is feasible to support DL active BWP without SSB for RedCap UE based on CSI-RS (case 2), and CSI-RS+FG 6-1a (case 3) based on existing RAN4 requirements and UE capabilities.
Proposal: For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if NCD-SSB is not transmitted, 

· A RedCap UE can in addition optionally support relevant operation based on CSI-RS and FG 6-1a by reporting optional capabilities. 
· No new UE capabilities are needed.
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Attachments:


1
Overall description

RAN4 has discussed the agreements and working assumptions on NCD-SSB in RAN1 LS (R1-2112802) and the agreements are:
For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if NCD-SSB is not transmitted, 

· A RedCap UE can in addition optionally support relevant operation based on CSI-RS and FG 6-1a by reporting optional capabilities. 

· No new UE capabilities are needed.

2
Actions

To RAN1:

ACTION: 
RAN4 respectfully asks RAN1 to take above feedback into consideration.

3
Dates of next TSG-RAN WG4 meetings

TSG-RAN WG4 Meeting #102 
21th February – 3rd March 2022
Electronic Meeting

