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1	Introduction
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In RAN4 NR#3 meeting, the discussion on the need for intra-frequency measurement gap for NR has been continued, with the way forward captured as below [1]: 
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Need for intra-frequency measurement gap

It was agreed (R4-1707424) that there are 3 categories of measurement
· Intra-frequency measurement without measurement gap
· Intra-frequency measurement with measurement gap
· Inter-frequency measurement
Corresponding definitions of intra and interfrequency measurement were also agreed
Following use cases are agreed for measurement gap from RAN4 requirement point of view
· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part
· To enable UE perform to RX beamforming in a different direction than the serving cell
FFS for the use cases related to:
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]To enable UE to perform intrafrequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH
Interested companies are invited to analyze
· The need for measurement gaps for the additional use cases
· Any corresponding impacts such as UE capabilities to allow the gNB to correctly configure measurement gaps as needed
· Switching times to be assumed by RAN4 for each of the measurement gap use cases
The target is to complete the analysis by RAN4#84bis
RAN2 needs to be informed of any additional UE capabilities which may be necessary



Furthermore, in the related WF for measurement capability [2], the following WF is captured for the remaining topics to be discussed in RAN4#84Bis. 
	It is to be decided in RAN4#84bis that
· [bookmark: OLE_LINK32]Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement of mmWave carriers
· Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement if SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS.
· If measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different



In this paper, we would like to provide our further analysis and views on the remaining issues related to measurement gap for intra-frequency measurement. 

2 Discussion
2.1 Use Cases with the Need for Measurement Gap
In RAN4 NR#3, the below two use cases are confirmed for its possible need for measurement gap: 
	· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part
· To enable UE perform to RX beamforming in a different direction than the serving cell



However, for the case where UE performs intra-frequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH, it has not been decided yet. 
By review the progress in NR general topic discussion for data SCS, the agreement can be captured in the below table: 
	
	Data SCS

	LTE Refarming Bands
	15kHz, 30kHz, and 60kHz*
*60kHz only for >1GHz band

	NR sub-6GHz Bands
	15kHz, 30kHz, and 60kHz*
*60kHz only for >1GHz band

	NR above-24GHz Bands
	60kHz, 120kHz


For SSB SCS, the operators’ requests have been captured in RAN4#84 Chairman notes as below, for sub-6GH and mmWave bands respectively: 
	Sub 6 NR Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing 

	1
	5 MHz
	15 kHz 

	3
	5 MHz
	15 kHz

	5
	10MHz / 5MHz
	[30 kHz/15kHz]

	7
	5 MHz
	15 kHz

	8
	5 MHz
	15 kHz

	20
	5 MHz
	15 kHz

	28
	5 MHz
	15 kHz

	41
	10MHz
	30 kHz

	66
	5 MHz / 10MHz
	[15 kHz/30kHz]

	70
	5 MHz
	15 kHz

	71
	5 MHz
	15 kHz

	1.427-1.518 GHz
	5 MHz
	15 kHz

	3.3 – 3.8 GHz
	10 MHz
	[15 kHz/30kHz]

	3.3 - 4.2 GHz
	10 MHz
	[15 kHz/30kHz]

	4.4 - 4.99 GHz
	[40 MHz]
	30 kHz



	mmWave Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing 

	24.25 - 27.5 GHz
	50 MHz/100 MHz
	120 kHz /240kHz

	26.5 – 29.5GHz
	50 MHz/100 MHz
	120 kHz /240kHz

	31.8 – 33.4 GHz
	50 MHz/100 MHz
	120 kHz /240kHz

	37 – 40 GHz
	50 MHz/100 MHz
	120 kHz /240kHz



Based on the above discussion status, all below scenarios are possible: 
(1) SCS of target cell SSB is larger than SCS of collided serving cell non-SSB RE
(2) SCS of target cell SSB is equal than SCS of collided serving cell non-SSB RE
(3) SCS of target cell SSB is small than SCS of collided serving cell non-SSB RE
At least for the above scenario (3), measurement gap should be considered since the required UE processing could be different for serving cell control/data transmission and target cell SSB-based measurement. 
Proposal 1: RAN4 confirm that measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different. 
2.2 Gap Always Needed for mmWave Intra-Frequency Measurement
As discussed in last meeting, RX beamforming is considered as the enabling technique for mmWave to enhance downlink coverage. Though RX beam selection is UE implementation related procedure, RX beam sweeping is important to report the actual (optimal) RX performance in the target cell (or beam) if handover (or beam management) happens. It should be noted that even for intra-frequency measurement, different RX beams could be used to measure different cells’ different TX beams, so for mmWave it is unlikely to maintain the same RX beam as serving cell to measurement neighboring cells with satisfactory performance. 
Some companies mentioned that it may be possible that gap may not be required if UE has spare RF chain and antenna. However, even two independent RF chains and antenna panels/dipole arrays are implemented in mmWave UE (it should be noted that it is already beyond the agreed UE architecture in UE RF discussion, in which the beams in two directions are not required to be enabled simultaneously [3]), it is still a very restrictive assumption that no measurement gap is needed. Take the case in below figure as example, UE has two panels (RX beam 1 and 2 in one panel while RX beam 3 and 4 in another), RX beam 2 is selected to receive the signal from serving gNB. In order to measure the target gNB’s four SSBs, different RX beams are assumed to be the optimal one, thus making RX beam retune inevitable for SS-block 1&2, since RX beam 1&2 can’t receive simultaneously. For SS-block 4, even if RX beam-4 can simultaneously receive with RX beam 2, RX sweeping will still be needed to identify the optimal RX beam. 
[image: ]
[bookmark: OLE_LINK2]Figure 1. Illustration of different RX beams needed for different TX beams.

Taking the above scenario where gap for Rx beamforming is needed into account, the next question will be the mechanism of UE capability reporting to enable the above measurement operation. 
Option-1: Dynamic Signaling of Need-for-Gap for mmWave Intra-Frequency Measurement 
Since RX beamforming is UE-implementation dependent, even it is possible that UE may use the same RX beam to receive signals from serving cell and conduct intra-frequency measurement for target cell, only UE has the knowledge of whether or not the same Rx beam is utilized or not. Seemly one solution could be UE’s dynamic signaling to indicate “Need-for-Gap” for intra-frequency measurement before conducting the measurement. However, the overwhelming overhead will be very high which makes the dynamic signaling very complex. 
Option-2: Static Capability of Need-for-Gap for mmWave Intra-Frequency Measurement 
Another more straightforward way would be UE to indicate its capability of Need-for-Gap for intra-frequency measurement, just like LTE Rel-8/10 signaling design for inter-frequency and inter-RAT measurement gap capability. It is a possible way, but it is very likely practical implemented UE has no choice but to report “Measurement Gap Needed for Intra-Frequency Measurement” for all mmWave bands in which UE RX beamforming is utilized, thus making this Intra-Frequency measurement gap capability reporting meaningless. 
Option-3: Gap Always Needed for mmWave Intra-Frequency Measurement 
Based on the above analysis, one possible option will be to assume measurement gap is always needed for mmWave intra-frequency measurement. As analyzed in our paper in Nagoya meeting, the capability can be saved to avoid indicating Need-for-Gap for intra-frequency measurement in mmWave bands, since at least we can assume that Rx beamforming is utilized for all mmWave bands. 
Based on the above discussion, we think it is reasonable to adopt option-3, i.e., measurement gap is always needed for intra-frequency measurement in mmWave bands. 
Proposal 2: Measurement gap is always needed for Intra-Frequency Measurement in mmWave bands.

2.3 Capability of Measurement Gap Need for below-6GHz
For bands below 6GHz, considering the possible condition (1) using a different SCS than the serving cell PDCCH/PDSCH and (2) the SSB to be measured is not within the active BWP, and also considering to facilitate signaling design to enable different RF architecture design, UE is needed to indicate its capability of Need-for-Gap for intra-frequency measurement, and the indication should be per-operating band. 
Proposal 3: Introduce capability signaling to indicate UE’s need-for-gap for intra-frequency measurement, and the signaling should be per-operating-band. 

In summary, the scenario of “Need-for-Gap”, and the corresponding capability signaling can be summarized as: 
Table 1. “Need for Gap” and capability signaling for Intra-Frequency Measurement
	
	
	mmWave Bands
	Below-6GHz Bands

	Intra-Frequency Measurement
	Need for Gap
	Always Need Gap
	Depending on capability, UE could need gap for conditions:
(1) using a different SCS than the serving cell PDCCH/PDSCH
(2) the SSB to be measured is not within the active BWP

	
	Capability
	No capability signaling needed
	Per-operating-band capability signaling



3 Conclusion
In this paper, we give our analysis and proposals for the remaining issues related to measurement gap for intra-frequency measurement. Specifically, we have the following observation and proposals: 
Proposal 1: RAN4 confirm that measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different. 
Proposal 2: Measurement gap is always needed for Intra-Frequency Measurement in mmWave bands.
Proposal 3: Introduce capability signaling to indicate UE’s need-for-gap for intra-frequency measurement, and the signaling should be per-operating-band. 
And the below table summarized our proposals for intra-frequency measurement: 
	
	
	mmWave Bands
	Below-6GHz Bands

	Intra-Frequency Measurement
	Need for Gap
	Always Need Gap
	Depending on capability, UE could need gap for conditions:
(1) using a different SCS than the serving cell PDCCH/PDSCH
(2) the SSB to be measured is not within the active BWP

	
	Capability
	No capability signaling needed
	Per-operating-band capability signaling
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5 Appendix: Rel-8/10 Measurement Gap Capability

MeasParameters ::=					SEQUENCE {
	bandListEUTRA						BandListEUTRA
}

MeasParameters-v1020 ::=			SEQUENCE {
	bandCombinationListEUTRA-r10			BandCombinationListEUTRA-r10
}

BandListEUTRA ::=					SEQUENCE (SIZE (1..maxBands)) OF BandInfoEUTRA 

BandCombinationListEUTRA-r10 ::=	SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandInfoEUTRA

BandInfoEUTRA ::=					SEQUENCE {
	interFreqBandList					InterFreqBandList,
	interRAT-BandList					InterRAT-BandList		OPTIONAL
}

InterFreqBandList ::=				SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=				SEQUENCE {
	interFreqNeedForGaps				BOOLEAN
}

InterRAT-BandList ::=				SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfo

InterRAT-BandInfo ::=				SEQUENCE {
	interRAT-NeedForGaps				BOOLEAN
}

	interFreqNeedForGaps
Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.
	-

	interRAT-NeedForGaps
Indicates need for DL measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the inter-RAT band given by the entry in the interRAT-BandList.
	-
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