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1	Introduction
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In RAN4 #84 meeting, the measurement gap for NR had been discussed, with the way forward on NR measurement gap configuration captured as below [1]: 
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]MGL:
· MGL=6ms is agreed
· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave
MGRP:
· For NSA
· MGRP: 40ms, 80ms, 160ms
· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.
· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP
· It is FFS if shorter MGRP is needed 
· For SA
· Candidates: 40ms, 80ms, 160ms 
· It is FFS if shorter MGRP is needed
[bookmark: OLE_LINK32]Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”
· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap. 
· It is noted that measurement gap can be used for all RAT including LTE and NR.



In this paper, we would like to provide our further analysis and views on the NR measurement gap configuration. 

2 Discussion
2.1 Need for Measurement Gap with Rx Beamforming
As discussed in last meeting, three categories of measurement are agreed [1]:
	Three categories of measurement are agreed
· Intra-frequency measurement without RF retuning
· Intra-frequency measurement with RF retuning
· Inter-frequency measurement with RF retuning
It is FFS if the center frequency of SS block of serving and/or target cell is shifted within the cell identification and measurement period.


Obviously, different from LTE, there is the possibility that RF retuning is need for intra-frequency measurement, while the RAN4-agreed intra-frequency measurement requests the measurement resource is frequency-domain aligned (e.g., for SSB-based RRM measurement, the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and the subcarrier spacing of the SSB of the serving and neighbour cell are the same.) 
Another factor is RX beamforming, which is considered as the essential 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 or 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 [2]), 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.

If it is dependent on UE’s measurement capability reporting for the necessity of measurement gap, it is very likely UE has no choice but to report “Measurement Gap Needed for Intra-Frequency Measurement” for all bands in which UE RX beamforming is utilized, thus making this Intra-Frequency measurement gap capability reporting meaningless. 
Proposal 1: For bands in which UE RX beamforming is utilized, measurement gap shall be always assumed for intra-frequency measurement.
Based on the above proposal, UE’s expected behavior for measurement gap is clear: 
Table 1. “Need for Gap” for Different Scenarios
	
	Operating Band 
with RX Beamforming
	Operating Band 
w/o RX Beamforming

	Intra-Frequency Measurement
	Always Need Gap
	No Need for Gap

	Inter-Frequency Measurement
	similar to LTE:
· if Per-UE gap: “Need for Gap” depend on Rel-8 UE capability 
· If Per-CC gap: “Need for Gap” Depend on Rel-14 Per-CC UE capability.
· Other solution (tradeoff between Per-UE and Per-CC gap), see below. 



As analyzed above, by introducing another “dimension”, i.e., RX beamforming needed for operating band, the scenarios in which gap is or is not needed can be easily categorized. As for the accompanying question, “how to let NW be aware UE with or without RX beamforming in a specific band?”, our proposed solutions could be: 
(1) UE-specific reporting: To define a new per-band capability field for support RX beamforming; 
(2) Band-specific (UE-agnostic) way: For the bands with EIRP-based power class definition, RX beamforming is assumed, while for conductive power based definition, RX beamforming is NOT assumed. It should be noted that no reporting is required for this solution. 
Considering RAN4 will finally define two categories of bands according to the above solution (2), this method is straightforward and no additional signaling overhead is needed. 
Proposal 2: Adopt band-specific (UE-agnostic) way to categorize bands with or without RX beamforming, i.e., based on EIRP-based or conductive power based power class definition.

2.2 Relationship between SMTC and Measurement Gap
As discussed in previous meetings, the relationship between SMTC and measurement gap is well elaborated by many companies, in which the most controversial questions can be listed as below: 
Question-1: How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?
Q1 is one question listed in WF, and based on the above analysis and proposal for Q1, we think: Firstly, by using a single measurement gap pattern to cover the union of SMTC of different frequency layer is possible, while similar to LTE case, UE’s measurement delay should be scaled up. Secondly, the total number of measurement gap pattern shall be well controlled to minimize the impact to the serving cells. 
Proposal 3: NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer.

Question-2: Per-UE measurement gap or Per-Frequency-Layer measurement gap? 
As the most fundamental question, the above Question-1 should be answered firstly. From our understanding, per-UE measurement gap is the feasible solution for Rel-15 NR: As discussed in per-CC measurement gap for Rel-14 LTE measurement gap enhancement WI, the signalling design will be much complex if per-frequency-layer measurement gap is utilized. On the other hand, we do observed that the difference between measurement gaps configured for above 24GHz and below 6GHz in practical implementation, therefore we propose have the trade-off proposal between per-UE gap or per-frequency-layer gap, i.e., to define two independent measurement gap configurations for above 24GHz and below 6GHz separately. UE can be configured with one measurement gap dedicatedly for SMTCs in above 24GHz bands, while another gap for SMTCs in below 6GHz bands. 
The obvious benefits of having the above two independent measurement gap configurations can be summarized as: (1) optimized performance (i.e., comparable performance as per-CC measurement gap) for the independent solutions for bands below 6GHz and mmWave; (2) Only need slight extension from legacy Rel-8 UE capability signaling, i.e., extend interFreqNeedForGaps to two IEs: 
(1) interFreqNeedForGaps for bands below 6GHz: Indicates need for measurement gaps on operating bands below 6GHz 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.
(2) interFreqNeedForGaps for bands above 24GHz: Indicates need for measurement gaps on operating bands above 24GHz 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.
Proposal 4: Define two measurement gap configurations which works on above-24GHz bands and below-6GHz bands independently: UE can be configured with one measurement gap dedicatedly for SMTCs in above-24GHz bands, while another gap for SMTCs in below-6GHz bands. 

Question-3: For the frequency layers without the need of gap, UE is configured with the SMTC in the occasion of configured measurement gap. 
For the frequency layers without the need of gap, depending on the existence of measurement occasions outside the configured gap, UE’s behavior should be different: 
(1) If measurement occasions exist outside the configured gap: No measurement is expected during measurement gap. 
(2) If measurement occasions Do Not exist outside the configured gap: Measurement shall be expected during measurement gap, and equivalently this will add another frequency layer which needs gaps. Obviously, network should avoid this kind of scheduling happens. 
Proposal 5: For the frequency layers without the need of gap, if measurement occasions do not exist outside the configured gap, measurement shall be expected during measurement gap. 

Question-4: For the frequency layers with the need of gap, UE is configured with the SMTC outside the occasion of configured measurement gap. 
[bookmark: OLE_LINK1]Considering the current signaling design for LTE measurement configuration, it is possible that the configuration is partially updated, thus making the scenario in Q4 happens for partially updated configuration. From UE behavior perspective, UE shall not be expected to do any measurement outside the occasions of configured gap. 
Proposal 6: For the frequency layers with the need of gap, UE shall not be expected to do any measurement outside the occasions of configured gap.

Question-5: Partially overlapped SMTCs:
Though it is less controversial for the expected measurement delay for fully overlapped and non-overlapped SMTCs (we agree with Ericsson’s observations in [3]), the attention is still needed for the scenario with partially overlapped SMTCs. As illustrated below, SMTC periods on F1, F2 and F2 are all 80ms. Obviously, if the measurement began from time unit 0, the measurement can’t be completed in three occasions. In other words, for scenario with partially overlapped SMTCs, whether or not measurement can be completed in Nfreq scaled time period is dependent on particular offset in SMTC.  
[image: ]
Figure 2. Illustration of partially overlapped SMTCs
Proposal 7: For partially overlapped SMTCs, it is possible that Nfreq scaling for measurement time is not enough in some cases.

2.3 Shorter MGL
In last meeting’s discussion, shorter MGL is proposed by some companies, because less than 50% slots contain SSBs for some SSB configurations. However, considering 6ms gap is applicable for all scenarios (both inter-RAT and inter-frequency), we suggest to keep the MGL as simple as possible, and left other advanced MG design in later release. Furthermore, we also observed that there was some discussion on advanced features to expedite the measurement procedure, however, we hope MGL should be designed based on basic features.  
Proposal 8: No MGL shorter than 6ms introduced in Rel-15 NR.
3 Conclusion
In this paper, we give our analysis and proposals for NR measurement gap configuration. Specifically, we have the following observation and proposals: 
Proposal 1: For bands in which UE RX beamforming is utilized, measurement gap shall be always assumed for intra-frequency measurement.
Proposal 2: Adopt band-specific (UE-agnostic) way to categorize bands with or without RX beamforming, i.e., based on EIRP-based or conductive power based power class definition.
Proposal 3: NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer.
Proposal 4: Define two measurement gap configurations which works on above-24GHz bands and below-6GHz bands independently: UE can be configured with one measurement gap dedicatedly for SMTCs in above-24GHz bands, while another gap for SMTCs in below-6GHz bands. 
Proposal 5: For the frequency layers without the need of gap, if measurement occasions do not exist outside the configured gap, measurement shall be expected during measurement gap. 
Proposal 6: For the frequency layers with the need of gap, UE shall not be expected to do any measurement outside the occasions of configured gap.
Proposal 7: For partially overlapped SMTCs, it is possible that Nfreq scaling for measurement time is not enough in some cases.
Proposal 8: No MGL shorter than 6ms introduced in Rel-15 NR.
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