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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 
NCSG for CSI-RS based inter-frequency measurement with gap

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
NCSG pattern
In last meeting, it was agreed that NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. And FFS on whether other NCSG patterns are mandatorily supported. Since whether NSCG is applicable in FR2 is under discussion, we focus on FR1. In Rel-15, gap pattern #0, 1 are mandatory. In addition, gap pattern #2, 3, 11, are specified as mandatory in Rel-16 RRM enhancement WI. In total, gap pattern #0, 1, 2, 3, 11 are mandatory for FR1. If UE already support the legacy gap pattern, we do not see the reason on why the corresponding NCSG pattern cannot be supported. From this point of view, at least the NCSG patterns corresponding to the mandatory legacy gap patterns need to be mandatory.
Proposal 2: for FR1, at least the NCSG patterns corresponding to the mandatory legacy gap patterns (gap pattern #0, 1, 2, 3, 11) are proposed to be mandatory for UEs supporting NCSG

NW configuration and corresponding UE behavior
According to the discussion in last meeting, the controversial case is that UE capability is no-gap-no-interruption, but network configuration is NCSG or MG. For this case, if the SMTC of target MO is fully overlapped with MG, it is no doubt that UEs perform the measurement within NCSG or MG. If the SMTC of target MO is not fully overlapped with MG, in our understanding, the measurement is performed outside NCSG/MG, similar as inter-frequency measurement without MG. Another consideration is that the configuration of MG or NCSG is based on the MOs which need to be measured within MG or NCSG, it is possible that the MG occasion or NCSG occasion does not cover the SMTC of the MOs which is declared no-gap-no-interruption by UE. 

Proposal 3: for NW configuration and corresponding UE behaviour, it is proposed as following:  
	       NW config

UE capability
	Case a: 

No MG nor NCSG
	Case b:

NCSG
	Case c: MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG 
	Measurement within MG 

	Case 3: no-gap-no-interruption
	Measurement without MG
	· If RS occasion (e.g. SMTC) is fully overlapped with NCSG, measurement is performed within NCSG

· If RS occasion (e.g. SMTC) is not fully overlapped with NCSG, measurement is performed outside NCSG
	· If RS occasion (e.g. SMTC) is fully overlapped with MG, measurement is performed within MG
· If RS occasion (e.g. SMTC) is not fully overlapped with MG, measurement is performed outside MG


Scheduling restriction

Following are the two options proposed in last meeting. After further check, in our view, neither of them are perfect, we provide updated solutions and the details are shown in the following.
	o
Scheduling restriction in FR1:

o
Option 1: 

· For intra-frequency measurement, existing scheduling restriction requirements apply. 

· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted. 

· For inter-frequency measurement and the target carrier and the serving cell are in different bands, all symbols in SMTC windows are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.

· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.

o
Option 2: 

· For intra-frequency measurement, existing scheduling restriction requirements apply. 

· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply 

· For inter-frequency measurement and the target carrier and the serving cell are in different bands, SSB symbols to be measured are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.

· SSB symbols to be measured are the SSB symbols indicated by SSB-ToMeasure, if it is configured; otherwise, all L SSB symbols within the SMTC window duration

· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.

o
Scheduling restriction in FR2: FFS


The scheduling restrictions are specified for multiple scenarios, including simultaneous Tx and Rx, mixed numerology, FR2 measurement. Detailed discussion are provided respectively for FR1 and FR2.
Scheduling restriction for FR1

For intra-frequency measurement in FR1, scheduling restriction need to be considered for the case of simultaneous Tx and Rx and the case of mixed numerology. And the existing scheduling restriction requirements can be reused. 
For inter-frequency measurement, option 1 proposes that all symbols in SMTC windows are restricted with the assumption that inter-frequency carrier are not synchronized with serving cell, which is a little bit pessimistic. Option 2 proposes that only the SSB symbols indicated by SSB-ToMeasure are restricted with the assumption that inter-frequency carrier are always synchronized with serving cell, which is a little bit optimistic. According to our analysis, some inter-frequency carriers can be synchronized with the serving cell, for example, the carriers configured for CA. While it is also possible that some inter-frequency carriers are not timing aligned with the serving cell. This issue needs to be discussed case by case.

It is noted that we currently only have network indication deriveSSB_IndexFromCell which indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the serving frequency. For the case that inter-frequency carriers are timing aligned with the serving cell, it is necessary to introduce a new network indication to inform UE that UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour carrier. With this indication, only the SSB symbols indicated by SSB-ToMeasure are restricted for inter-frequency measurement. Otherwise, all symbols in SMTC windows are restricted.
As for the scheduling restriction caused by simultaneous Tx and Rx, whether to apply the restriction also depends on UE capability. If UE supports simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells, no need to have the scheduling restriction caused by simultaneous Tx and Rx. Currently, we have UE capability simultaneousRxTxInterBandCA, which indicates whether the UE supports simultaneous transmission and reception in inter-band NR CA. In order to reflect whether UE supporting simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells, a new UE capability is necessary.
Proposal 4: scheduling restriction for FR1, it is proposed as following:

· For intra-frequency measurement, existing scheduling restriction requirements apply.

· For inter-frequency measurement and the target carrier and the serving cell are in same band,

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted
· Otherwise, all symbols in SMTC windows are restricted

· For inter-frequency measurement and the target carrier and the serving cell are in different band, whether scheduling restrictions apply depends on UE capability (whether UE supporting simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells).

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted

Scheduling restriction for FR2
For intra-frequency measurement in FR2, the existing scheduling restriction requirements can be reused.
For inter-frequency measurement in FR2, similar situation as that in FR1, it is necessary to differentiate the cases on whether or not the target inter-frequency carrier is timing aligned with serving cell. If it is aligned, only the SSB symbols indicated by SSB-ToMeasure are restricted for FR2 inter-frequency measurement. Otherwise, all symbols in SMTC windows are restricted.
Different from FR1, for the application of scheduling restriction, except to consider the UE capability on supporting simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells, it is also necessary to consider the UE capability on CBM/IBM for a combination of the target inter-frequency carrier and serving cells. Both UE capabilities are needed to determine whether the scheduling restriction is applied or not.

Proposal 5: scheduling restriction for FR2, it is proposed as following:

· For intra-frequency measurement, existing scheduling restriction requirements apply.

· For inter-frequency measurement and the target carrier and the serving cell are in same band,

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted

· For inter-frequency measurement and the target carrier and the serving cell are in different band, whether scheduling restrictions apply depends on two UE capabilities ( UE capability on whether UE supporting simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells, UE capability on whether UE supporting IBM for a combination of the target inter-frequency carrier and serving cells ).

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted
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 FR1, at least the NCSG patterns corresponding to the mandatory legacy gap patterns (gap pattern #0, 1, 2, 3, 11) are proposed to be mandatory for UEs supporting NCSG

Proposal 3: for NW configuration and corresponding UE behavior, it is proposed as following:  

	       NW config

UE capability
	Case a: 

No MG nor NCSG
	Case b:

NCSG
	Case c: MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG 
	Measurement within MG 

	Case 3: no-gap-no-interruption
	Measurement without MG
	· If RS occasion (e.g. SMTC) is fully overlapped with NCSG, measurement is performed within NCSG

· If RS occasion (e.g. SMTC) is not fully overlapped with NCSG, measurement is performed outside NCSG
	· If RS occasion (e.g. SMTC) is fully overlapped with MG, measurement is performed within MG

· If RS occasion (e.g. SMTC) is not fully overlapped with MG, measurement is performed outside MG


Proposal 4: scheduling restriction for FR1, it is proposed as following:

· For intra-frequency measurement, existing scheduling restriction requirements apply.

· For inter-frequency measurement and the target carrier and the serving cell are in same band,

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted

· For inter-frequency measurement and the target carrier and the serving cell are in different band, whether scheduling restrictions apply depends on UE capability (UE capability on whether UE supporting simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells).

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted

Proposal 5: scheduling restriction for FR2, it is proposed as following:

· For intra-frequency measurement, existing scheduling restriction requirements apply.

· For inter-frequency measurement and the target carrier and the serving cell are in same band,

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted

· For inter-frequency measurement and the target carrier and the serving cell are in different band, whether scheduling restrictions apply depends on two UE capabilities ( UE capability on whether UE supporting simultaneous Tx/Rx for a combination of the target inter-frequency carrier and serving cells, UE capability on whether UE supporting IBM for a combination of the target inter-frequency carrier and serving cells ).

· If UE is informed that inter-frequency carriers are timing aligned with the serving cell (UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell with different carrier), only the SSB symbols indicated by SSB-ToMeasure are restricted

· Otherwise, all symbols in SMTC windows are restricted
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