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1   Introduction
In RAN4 #101e meeting, the WF [1] was approved. In this contribution, we discuss the remaining open issues.
2   Discussion
2.1   Enabling NCSG in FR2 and Scheduling Restriction in FR1 and FR2
The major limitation for NCSG application in FR2 is common beamforming for the spared chain and the Rx chains for data reception. Without independent beamforming, the data Rx chain can’t receive data while the spared chain is measuring the neighboring cell. To enable more use cases for NCSG in FR2 with meaningful throughput gain, we have the following new proposal:

•
Introduce new signaling (called deriveSSB-IndexFromCell-inter in the following) to indicate whether the UE can utilize the serving cell timing to derive the SSB indexes of target cell(s) on a frequency different than serving cell frequency, and which serving cell timing UE can utilize.
With this new signaling, UE can infer the timing of the SSBs to be measured from neighboring cell as intra-frequency measurement in FR2. Therefore, except the symbols overlapping to the SSBs to be measured, the gNB can transmit DL signals on the rest of the symbols in the NCSG ML when NCSG is enabled for neighboring cell measurement even without independent beamforming between NCSG spared chain and data Rx chain. In the other words, NCSG is applicable to FR2 with the following  scheduling restriction:
The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration when deriveSSB-IndexFromCell-inter is set to true.

Apply to the following cases

· Intra-band inter-frequency measurement

· Inter-band measurement, the serving band and the target band are with CBM (common beam management)

The new signaling enables UE to receive within SMTC except the SSBs to be measured, otherwise NCSG can’t provide too much throughput gain because SMTC length is very close to ML in NCSG in most cases. 
For inter-band measurement in which the serving band and the target band are with IBM, no scheduling restriction on downlink is needed. When inter-band simultaneous Tx and Rx capability is supported, UL scheduling restriction is not necessary. 

To summarize, we have the following proposal for signaling and scheduling restriction:
Proposal 1: Introduce new signaling to indicate whether the UE can utilize the serving cell timing to derive the SSB indexes of target cell(s) on a frequency different than serving cell frequency, and which serving cell timing UE can utilize. Send an LS as drafted in appendix to RAN2. 
Proposal 2: Introduce the following scheduling restriction for FR2 NCSG 
· Scheduling restriction on UL and DL symbols overlapping with SSBs to be measured (and one symbol before and after) when deriveSSB-IndexFromCell-inter is true for the following cases:

· Intra-band inter-frequency measurement

· Inter-band measurement, the serving band and the target band are with CBM

Otherwise in these two cases, the scheduling restriction applies to the entire SMTC window. 
· Scheduling restriction on UL symbols overlapping with SSBs to be measured (and one symbol before and after) when deriveSSB-IndexFromCell-inter is true for the following cases:

· Inter-band measurement with IBM without the support of inter-band simultaneous Tx and Rx capability. 

Otherwise the scheduling restriction applies to the entire SMTC window.

· No scheduling restriction for the following cases:
· Inter-band measurement with IBM with the support of inter-band simultaneous Tx and Rx capability.
For FR1, scheduling restriction is on UL and is only for intra-band and inter-band without the support of inter-band simultaneous Tx and Rx capability. Scheduling restriction is on UL symbols overlapping with SSBs to be measured (and one symbol before and after) when deriveSSB-IndexFromCell-inter is true, otherwise it is on the entire SMTC window.
2.2   NCSG patterns and configuration
Since in RAN4#101e, RAN4 agreed not to introduce NCSG with repetition period > 160ms, NCSG patterns can have a one-to-one transformation from legacy MG patterns, i.e., a mapping table for MGL/MGRP for legacy gap to ML/repetition period for NCSG. Capturing this mapping table in RAN4 specification enables RAN2 to reuse MeasGapConfig IE to configure NCSG by adding a flag to indicate configuring legacy gap or NCSG.
Proposal 3: No additional patterns for NCSG are needed. Introduce a mapping table for MGL/MGRP for legacy gap to ML/repetition period for NCSG. RAN2 can reuse MeasGapConfig IE to configure NCSG by adding a flag to indicate configuring legacy gap or NCSG.
Note that the interruption by NCSG is fixed in the same FR regardless of MGL. The new NR-only mandatory GPs and per-FR mandatory GPs for FR2 aims at reducing the throughput impact by adding smaller MGL mandatory GPs. Given that NCSG interruptions are the same with different MGLs within the same FR, we propose not to mandate any additional GPs besides GP 0 and 1 agreed in the previous meeting.
Proposal 4: No additional mandatory NCSG patterns besides agreed GP 0 and 1.

2.3   Measurement in partial overlapping cases
The measurement behavior assumptions are pending in the following two scenarios:

· Network configures MG when UE reports NCSG
· Network configures NCSG/MG when UE reports no interruption, and the SMTC window partial overlaps to the configured NCSG/MG
For the first case, measurement should be done within MG to maximize the throughput, otherwise UE can’t communicate during both MG and interruptions on the measurement by spared chains. For the second case, UE should utilize the NCSG or MG to measure and not wasting the gap resources configured by network. 

Proposal 5: Use the following assumptions to derive the measurement requirements:
· Network configures MG when UE reports NCSG: UE measures SSBs within MG.
· Network configures NCSG/MG when UE reports no interruption, and the SMTC window partial overlaps to the configured NCSG/MG: UE measures SSBs within the configured NCSG/MG.
2.4   Other use cases
There are some additional use cases including dormant Scell and CSI-RS measurements. Given the amount of open issues left for basic use case (neighboring cell SSB measurement in NR-SA) and there are limited time left to finish core requirement, we prefer to complete the basic use case before get into the other use case discussion.
Proposal 6: Do not consider dormant Scell and CSI-RS measurement use cases in R17 NCSG.

3   Conclusion
Proposal 1: Introduce new signaling to indicate whether the UE can utilize the serving cell timing to derive the SSB indexes of target cell(s) on a frequency different than serving cell frequency, and which serving cell timing UE can utilize. Send an LS as drafted in appendix to RAN2. 
Proposal 2: Introduce the following scheduling restriction for FR2 NCSG 
· Scheduling restriction on UL and DL symbols overlapping with SSBs to be measured (and one symbol before and after) when deriveSSB-IndexFromCell-inter is true for the following cases:

· Intra-band inter-frequency measurement

· Inter-band measurement, the serving band and the target band are with CBM

Otherwise in these two cases, the scheduling restriction applies to the entire SMTC window. 

· Scheduling restriction on UL symbols overlapping with SSBs to be measured (and one symbol before and after) when deriveSSB-IndexFromCell-inter is true for the following cases:

· Inter-band measurement with IBM without the support of inter-band simultaneous Tx and Rx capability. 

Otherwise, the scheduling restriction applies to the entire SMTC window.

· No scheduling restriction for the following cases:

· Inter-band measurement with IBM with the support of inter-band simultaneous Tx and Rx capability.
For FR1, scheduling restriction is on UL and is only for intra-band and inter-band without the support of inter-band simultaneous Tx and Rx capability. Scheduling restriction is on UL symbols overlapping with SSBs to be measured (and one symbol before and after) when deriveSSB-IndexFromCell-inter is true, otherwise it is on the entire SMTC window.
Proposal 3: No additional patterns for NCSG are needed. Introduce a mapping table for MGL/MGRP for legacy gap to ML/repetition period for NCSG. RAN2 can reuse MeasGapConfig IE to configure NCSG by adding a flag to indicate configuring legacy gap or NCSG.

Proposal 4: No additional mandatory NCSG patterns besides agreed GP 0 and 1.

Proposal 5: Use the following assumptions to derive the measurement requirements:
· Network configures MG when UE reports NCSG: UE measures SSBs within MG.
· Network configures NCSG/MG when UE reports no interruption, and the SMTC window partial overlaps to the configured NCSG/MG: UE measures SSBs within the configured NCSG/MG.
Proposal 6: Do not consider dormant Scell and CSI-RS measurement use cases in R17 NCSG.

4   Reference

[1] R4-2120415
5   Appendix: LS Draft 

Title:
[DRAFT] LS on Frame Timing Alignment Signaling to Enable NCSG in FR2
Response to:


Release:
Rel-17
Work Item:
NR_MG_enh
Source:
RAN WG4

To:
RAN WG2
Contact Person:

Name:
Chu-Hsiang Huang


E-mail Address:
chuhsian@qti.qualcomm.com
Attachments:


1. Overall Description:

The flag deriveSSB-IndexFromCell introduced in R15 enables UE to derive SSB indexes of target cell(s) on the same frequency as the serving cell frequency. When studying the applicability of NCSG in FR2, RAN4 has identified the necessity of informing UE the frame timing alignment to enable deriving SSB indexes of target cell(s) on a frequency different than serving cell frequency, and which serving cell timing UE can utilize. 

RAN4 has agreed to introduce the signaling informing UE that the SSB indexes of target cell(s) on a frequency different than serving cell frequency can be derived from a serving cell, and which serving cell to utilize for target SSB indexes derivation. 

With this new signaling, UE can infer the timing of the SSBs in inter-frequency measurement as intra-frequency measurement in FR2 and enable more use cases for NCSG in FR2 with meaningful throughput gain.
RAN4 kindly asks RAN2 to design the corresponding signalling for enabling the derivation of SSB indexes of target cell(s) on a frequency different than serving cell frequency, and the serving cell timing to utilize, to support NCSG in FR2.
2. To RAN WG2 group. 

ACTION: 
RAN4 respectfully asks RAN2 to design the corresponding signalling for enabling the derivation of SSB indexes of target cell(s) on a frequency different than serving cell frequency, and the serving cell timing to utilize, to support NCSG in FR2.
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