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1. Introduction

In the last meeting, there is discussion on Network Controlled Small Gap (NCSG) and a WF was approved [1]. This contribution provides further discussion on the open issues.
2. Discussion 
One of the open issues is whether NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. The motivation to introduce NCSG is that there is spare RF chain so that UE can perform measurement on the target carrier and transmit/receive data on the serving cells simultaneously. The RS type has no impact on the NSCG application. From this point of view, it is suggested that NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17.
Proposal 1: it is proposed that NCSG for CSI-RS based inter-frequency measurement with gap is supported
In previous meetings, it was agreed that NCSG patterns corresponding to legacy patterns #0, #1 are mandatorily supported if UE supports NCSG. In last meeting, it was agreed that NCSG can be applied for FR2 without scheduling restrictions under the conditions: the seiving cell(s) and the target cell are on different bands, and UE is capable of IBM on the serving cell band and the target cell band and UE is capable of simultaneous Tx/Rx on the serving cell band and the target cell band. Otherwise, NCSG can be applied for FR2 with scheduling restrictions. NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE. In summary, NCSG patterns corresponding to legacy patterns #0, #1, #13 and #14 re mandatorily supported if UE supports NCSG. While for other mandatory NCSG patterns are FFS.
In Rel-15, gap pattern #0, 1, #13, #14 are mandatory. In addition, gap pattern #2, #3, #11, #17, #18, #19 are mandatory supported for NR only measurement, as specified in Rel-16 RRM enhancement WI. If UE already support the legacy gap pattern, we do not see the reason why the corresponding NCSG pattern cannot be supported. From this point of view, for NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory, same as agreed in Rel-16 for normal MG.
Proposal 2: for NR-only measurement, NCSG patterns corresponding to the mandatory legacy gap patterns #2, #3, #11, #17, #18, #19 are proposed to be mandatory for UEs supporting NCSG.
For NR-only measurement, supportedGapPattern-NRonly is introduced to indicate measurement gap pattern(s) supported by the UE for NR SA and NR-DC when the frequencies to be measured within this measurement gap are all NR frequencies. And for the mandatorily supported gap patterns, the corresponding bits are set to 1. For NCSG, similar design is expected. UE can indicate support of some NCSG patterns. As for the signalling design, one option is to reuse the existing UE capabilities and define the mapping between legacy gap patterns and NCSG patterns. In our view, since NCSG is a new feature in RAEL-17, it is preferred to introduce new signaling. Alternatively, this issue can be left to RAN2 design.
Proposal 3: for the indication of support of some NCSG patterns, it is proposed to introduce a new UE capability, or leave this issue up to RAN2 design.
Another open issue is the impact on L1 measurement, especially the impact on P factor due to NCSG. Taking SSB based L1-RSRP as an example, the existing L1-RSRP measurement delay requirements in FR1 are duplicated in following Table 1. P = 1/(1-TSSB/MGRP) when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.
For NCSG, during measurement length, there is no impact on the reception of signals from serving cell. For FR1, UE is capable of simultaneously perform L1 measurement on the serving cell and L3 measurement on target carriers, P = 1 provided that VIL of NCSG is not overlapped with any of the RS for L1 measurement.
Table 1: Measurement period TL1-RSRP_Measurement_Period_SSB for FR1 (existing L1-RSRP measurement requirements)
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:
K = 1 when TSSB ≤ 40 ms and highSpeedMeasFlag-r16 are configured; otherwise K = 1.5.
Note 3:
When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16].


Proposal 4: for L1 measurement in FR1 , P = 1 provided that VIL of NCSG is not overlapped with any of the RS for L1 measurement. 
Taking SSB based L1-RSRP as an example, the existing L1-RSRP measurement delay requirements in FR2 are duplicated in following Table 2. P is the scaling factor considering whether there is overlapping between SSB and SMTC/MG. One component of P is Psharing factor, which is used for the case that the SSB occasions used for L1-RSRP are fully overlapped with SMTC. 
Table 2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2 (existing L1-RSRP measurement requirements)
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


The impact on L1-RSRP due to L3 measurement with NCSG need to be discussed case by case. For the case that the target carrier is intra-frequency carrier or inter-frequency carrier in the same band as the serving cell, with the assumption that UE can only perform reception at one direction as a time, P is calculated in the same way as in Rel-15 with VIRP replacing legacy MGRP.
For the case that the target carrier is inter-frequency carrier in different band as the serving cell, and UE is not capable of IBM, with the assumption that UE can only perform reception at one direction as a time, P is calculated in the same way as in Rel-15 with VIRP replacing legacy MGRP.

For the case that the target carrier is inter-frequency carrier in different band as the serving cell, and UE is capable of IBM. UE is expected to perform L11 measurement on serving cell and L3 measurement on target carriers simultaneously, P = 1 provided that VIL of NCSG is not overlapped with any of the RS for L1 measurement.
Proposal 5: for L1 measurement in FR2 , P is proposed as following:

· For the case that the target carrier is intra-frequency carrier or inter-frequency carrier in the same band as the serving cell, P is calculated in the same way as in Rel-15 with VIRP replacing legacy MGRP.

· For the case that the target carrier is inter-frequency carrier in different band as the serving cell, and UE is not capable of IBM, P is calculated in the same way as in Rel-15 with VIRP replacing legacy MGRP.

· For the case that the target carrier is inter-frequency carrier in different band as the serving cell, and UE is capable of IBM, P = 1 provided that VIL of NCSG is not overlapped with any of the RS for L1 measurement.
According to RAN2 LS [2], one question is about the simultaneous configurations on combinations of different type of measurement gaps. Firstly, FR1 gap and FR2 gap be configured simultaneously for NCSG, which means FR1 NCSG + FR2 NCSG is supported. Secondly, considering that joint requirements for pre-configured MG, concurrent MG and NCSG are not considered in Rel-17, the combination of different measurement gap types introduced in Rel-17 cannot be supported. However, the combination of legacy gap and NCSG can be supported, which means legacy FR1 gap + FR2 NCSG and legacy FR2 gap + FR1 NCSG are supported.
Proposal 6: it is proposed to consider following combinations:

· FR1 NCSG + FR2 NCSG

· legacy FR1 gap + FR2 NCSG

· legacy FR2 gap + FR1 NCSG

3. Conclusion
This contribution provides discussion on NCSG. The proposals are:
Proposal 1: it is proposed that NCSG for CSI-RS based inter-frequency measurement with gap is supported
Proposal 2: for NR-only measurement, NCSG patterns corresponding to the mandatory legacy gap patterns #2, #3, #11, #17, #18, #19 are proposed to be mandatory for UEs supporting NCSG.
Proposal 3: for the indication of support of some NCSG patterns, it is proposed to introduce a new UE capability, or leave this issue up to RAN2 design.
Proposal 4: for L1 measurement in FR1 , P = 1 provided that VIL of NCSG is not overlapped with any of the RS for L1 measurement. 

Proposal 5: for L1 measurement in FR2 , P is proposed as following:

· For the case that the target carrier is intra-frequency carrier or inter-frequency carrier in the same band as the serving cell, P is calculated in the same way as in Rel-15 with VIRP replacing legacy MGRP.

· For the case that the target carrier is inter-frequency carrier in different band as the serving cell, and UE is not capable of IBM, P is calculated in the same way as in Rel-15 with VIRP replacing legacy MGRP.

· For the case that the target carrier is inter-frequency carrier in different band as the serving cell, and UE is capable of IBM, P = 1 provided that VIL of NCSG is not overlapped with any of the RS for L1 measurement.
Proposal 6: it is proposed to consider following combinations:

· FR1 NCSG + FR2 NCSG

· legacy FR1 gap + FR2 NCSG

· legacy FR2 gap + FR1 NCSG
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