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Introduction

In RAN #95 meeting, the WID on Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps was approved [1]. One of the objectives is about the measurement without gaps, the details are duplicated as following.

	Define RRM requirements for measurement without gaps for the following cases

NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]

Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed

Define related requirements, such as CSSF, measurement period, scheduling restriction etc.

Inter-RAT measurements without gaps [RAN4]

Inter-RAT NR measurements

Inter-RAT LTE measurement


In last meeting, there is discussion on inter/intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR, and a WF was approved [6]. This contribution provides further discussion on this topic.

Discussion 
Measurement without gaps for UEs reporting NeedForGapsInfoNR include two cases: Case 1: without gap and no interruption, Case 2: without gap but interruption allowed. 

	Issue 1-1-2: Scaling factor definition when measurement gap is not configured 

Background

Previous agreements

All NFG measurements with interruptions are carried within the MG(s), when MGs are configured and SMTC partially or fully overlaps with MG(s).

Scaling factor to derive UE measurement period.

Use CSSF within gap to scale the configured SMTC period value when MG is configured and SMTC partially or fully overlaps with MG.

Use CSSF outside gap to scale the configured SMTC period value when MG is configured and SMTC does not overlap with MG.

FFS for scaling factor when MG is not configured.

Proposals

Option 1: Use CSSF outside gap to scale SMTC period when MG is not configured.

Note: This means that the measurements are shared between NFG measurements and legacy measurements outside gap.

Option 2: Use Nfx which is the scaling factor due to sharing only among all the frequency layers where the frequencies are configured as target frequencies for measurements without gap from UE supporting NFG.

Note: This means that NFG measurements are in parallel with legacy measurements outside gap.


For the case that MG is not configured, all the NFG measurements with interruptions will be measured outside MG. In this case, CSSFoutside MG will be used, similar as legacy measurement without MG.
Proposal 1: when MG is not configured, it is proposed to use CSSF outside gap to derive UE measurement period.
	Issue 1-1-3: Scaling factor definition for Kp when measurement gap is configured

Background

Kp is the scaling factor introduced in legacy releases, applied to the cases where the target SSB is within the UE active bandwidth part and measurement gap is not needed in nature, but since measurement gap is configured the measurements only happen outside gap occasions; Kp is calculated by dividing the total number of SMTCs by available SMTC number outside gap during window length max(SMTC, MGRP); Kp = 1 when SMTC occasion is always overlapped with gap.

Proposals

Option 1: Do not apply Kp to Tcycle,i / measurement period.

Option 2: Apply Kp to Tcycle,i / measurement period.


Kp is used to derive the available SMTC when there is overlaping between MG and SMTC. In legacy spec, for measurement without MG, it will be measured ouside MG, the available SMTC excluding the one overlapped with MG is denoted as Kp = 1/(1- (SMTC period /MGRP)), where SMTC period < MGRP.

However, one different aspect for NFG is that All NFG measurements with interruptions are carried within the MG(s), when MGs are configured and SMTC partiall overlaps with MG(s). In this way Kp is 1, and CFFS within MG will be used.

Proposal 2: for NFG with interruption, Kp is always 1 when MG is configured, no matter MG and SMTC are partially overlapped or fully overlapped.
Another issue is about number of samples for requirments for intra/inter-freq measurement without gap for UEs reporting NeedForGapsInfoNR. This issue will be discussed case by case. For intra-frequency measurement case, we do not see AGC is needed. According to legacy requirements from Rel-15, AGC is not considered for intra-frequency measurement.

Proposal 3: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for PSS/SSS detection is 5.

Proposal 4: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for measurement period is 5.
For inter-frequency measurement without gap, in existing 9.3.9, the sample number is 5 without AGC since SSB is completely contained in the active BWP. However, for interFreq-needForGap, we are not sure whether we can assume AGC is not necessary. If AGC is needed, the sample number for PSS/SSS detection is 8.

Proposal 5: for inter-frequency measurement without gap with or without interuption, the number of samples for PSS/SSS detection is 8 if AGC is needed.

Proposal 6: for inter-frequency measurement without gap with or without interuption, the number of samples for measurement period is 8 if AGC is needed.
As for time period for time index detection, since AGC is considered in PSS/SSS detection, no need additional samples for AGC for SSB index detection. This consideration is also aligned with legacy requirements, for for time index detection requirements for both intra-frequency and inter-freqquency, the number of samples is always 3 for SSB index detection.

Proposal 7: for both intra-frequency and inter-frequency measurement without gap with or without interuption, the number of samples for SSB index detection is 3.   

Another issue is whether NFG can be used to cover the case that SSB is within active BWP. For intra-frequency, according to the agreements in RAN4 #106, NFG cannot be used to cover the case that  SSB is within active BWP (i.e. Rel-15 intra-frequency measurement without MG) .

	Agreements in RAN4#106 (R4-2303305)

Issue 1-5-1: Condition for intra-frequency requirements without gaps 

< Agreement >: 
When the target SSB is completely contained in active BWP of UE or the active downlink BWP is initial BWP, the intra-frequency measurement should be without gap regardless of the NeedForGaps’ status reporting. 

When the target SSB is outside active BWP (not initial BWP), the intra-frequency measurement will be

without gap without interruption, if UE reports ‘[no gap no interruption:TBD]’ for the intra-band; 
without gap with interruption, if UE reports ‘[no gap with interruption:TBD]’ for the intra-band


For inter-frequency measurement without MG when SSB is within active BWP (i.e. Rel-16 inter-frequency measurement without MG), the similar approach as Rel-15 intra-frequency measurement without MG can be used. In detail, when the target SSB is completely contained in active BWP of UE or the active downlink BWP is initial BWP, the inter-frequency measurement should be without gap and without interruption regardless of the NeedForGaps’ status reporting.

We also see difference between Rel-16 inter-frequency measurement without MG and NFG, which is summarized as following Table 1.
Table 1 difference between Rel 16 inter-frequency measurement without MG and NFG
	
	Rel 16 inter-frequency measurement without MG
	NFG

	Scenario
	Inter-frequency measurement without gap is support when SSB is completely contained in the active BWP of the UE 
	Inter-frequency measurement without gap is support when there is spare RF chain

	UE capability
	Per-UE capability: interFrequencyMeas-NoGap-r16

According TS 38.306, this capability indicates whether the UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE 
	Per-band capability: NeedForGap

Indicates whether the UE supports reporting the measurement gap requirement information for NR target in the UE response to a network configuration RRC message.

	Interruption
	No interruption, since SSB is within active BWP
	Based on UE capability:
NFG without interruption

NFG with interruption

	Delay requirements
	Taking PSS/SSS detection as an example, the number of sample is 5, AGC is not needed
	Taking PSS/SSS detection as an example, even the number of sample is FFS, but the number may be larger than 5, since AGC is needed when SSB is not in the active BWP


Observation 1: as shown in Table 1, Rel 16 inter-frequency measurement without MG and NFG are different feature. NFG cannot fully cover Rel 16 inter-frequency measurement without MG.
Proposal 8: it is proposed to follow the similar approach as for Rel-15 intra-frequency measurement: when the target SSB is completely contained in active BWP of UE, apply the requirements on Rel-16 inter-frequency measurement without gap without interruption when UE supports interFrequencyMeas-NoGap-r16, regardless of the NeedForGaps’ status reporting.
Conclusion

This contribution provides discussion on measurements without gaps for UEs reporting NeedForGapsInfoNR. The observations and proposals are:

Proposal 1: when MG is not configured, it is proposed to use CSSF outside gap to derive UE measurement period.
Proposal 2: for NFG with interruption, Kp is always 1 when MG is configured, no matter MG and SMTC are partially overlapped or fully overlapped.
Proposal 3: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for PSS/SSS detection is 5.

Proposal 4: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for measurement period is 5.
Proposal 5: for inter-frequency measurement without gap with or without interuption, the number of samples for PSS/SSS detection is 8 if AGC is needed.

Proposal 6: for inter-frequency measurement without gap with or without interuption, the number of samples for measurement period is 8 if AGC is needed.
Proposal 7: for both intra-frequency and inter-frequency measurement without gap with or without interuption, the number of samples for SSB index detection is 3.  

Observation 1: as shown in Table 1, Rel 16 inter-frequency measurement without MG and NFG are different feature. NFG cannot fully cover Rel 16 inter-frequency measurement without MG.

Table 1 difference between Rel 16 inter-frequency measurement without MG and NFG
	
	Rel 16 inter-frequency measurement without MG
	NFG

	Scenario
	Inter-frequency measurement without gap is support when SSB is completely contained in the active BWP of the UE 
	Inter-frequency measurement without gap is support when there is spare RF chain

	UE capability
	Per-UE capability: interFrequencyMeas-NoGap-r16

According TS 38.306, this capability indicates whether the UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE 
	Per-band capability: NeedForGap

Indicates whether the UE supports reporting the measurement gap requirement information for NR target in the UE response to a network configuration RRC message.

	Interruption
	No interruption, since SSB is within active BWP
	Based on UE capability:
NFG without interruption

NFG with interruption

	Delay requirements
	Taking PSS/SSS detection as an example, the number of sample is 5, AGC is not needed
	Taking PSS/SSS detection as an example, even the number of sample is FFS, but the number may be larger than 5, since AGC is needed when SSB is not in the active BWP


Proposal 8: it is proposed to follow the similar approach as for Rel-15 intra-frequency measurement: when the target SSB is completely contained in active BWP of UE, apply the requirements on Rel-16 inter-frequency measurement without gap without interruption when UE supports interFrequencyMeas-NoGap-r16, regardless of the NeedForGaps’ status reporting.
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