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1 Introduction
The measurement gap for NR has been discussed in RAN4#84, and following agreement were made [1].

	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
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.


There are, in our understanding, mainly two open issues for measurement gap in NR from [1]. One is the whether new GPs should be introduced for NR, in particular with shorter MGL or MGRP. The other one is whether measurement gap is per UE or per measurement object, and the related performance requirements for gap based measurement. 
In addition, we think two other issues as raised up in our previous paper [2] may need to be further discussed. One is the need for gaps depending on UE operating BW, and the other is gap usage for Rx beamforming.   

In this paper, we will provide our views on the open issues for measurement gaps in NR. 
2 Discussion 
GP
In RAN4 NR AH#2, it was agreed that 6ms MGL will be the baseline for NR. In RAN4#84, some companies proposed to introduce shorter MGL than the currently baseline MGL of 6ms. The reason is that the SSB burst per period can be much shorter than the 5ms measurement window. The mapping of SSB burst to slots in a 5ms window, as agreed in RAN1, is shown in Figure 1. It can be seen that for some SSB SCS, e.g. 30 and 240kHz, the SSB burst only takes a smaller portion in the window. Furthermore, it is likely that a cell will not transmit as many as L SSBs, so the cases where 5ms measurement time is needed are not likely to happen very often. 
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Figure 1: Mapping of SSBs to slots in a half radio frame 
Based on above observations, we think there is clear benefit to introduce shorter MGL for NR, at least for the SSB based measurement. The detailed MGL that should be defined, e.g. whether MGL of 2, 3, 4, 5ms are all needed or even MGL in smaller granularity like 2.5ms are needed, should be further discussed in RAN4. 

The SSB mapping is one factor in determining the needed MGL, while the other factor is the UE re-tuning time, as the MGL should account for the measurement time (SSB burst length) and the UE re-tuning time. In LTE the retuning time was assumed to be 0.5ms before and after the measurement time, thus giving the MGL 6ms. In NR it is reasonable to check if shorter re-tuning time is feasible as a general assumption for determining the MGL. In particular, if the measurement time is 2ms, e.g. with 15kHz SCS and L=4, in total 1ms re-tuning overhead is relative big. In addition, as the slot length in NR can be shorter than in LTE due to large SCS, shortening the re-tuning time can save more usable resources for data transmission. Therefore, we propose RAN4 to discuss the assumption of UE re-tuning time for NR.

Finally, the use of shorter MGL should be configured by the network when the small MGL can still cover the SSB burst to be measured per period. Therefore, similar as non-uniform gap in R14 gap enhancement WI, shorter MGL should not lead to any degradation in measurement performance.       
Proposal 1: Shorter MGL is defined for both sub-6GHz and mmWave, detailed MGLs to be defined are FFS.

Proposal 2: RAN4 to discuss the assumption of UE re-tuning time for NR. 

Proposal 3: Performance requirements are not impacted by MGL, i.e. the measurement performance is same for 6ms and shorter MGL.
In RAN4#84, GP with 160ms MGRP is introduced for both NSA and SA in addition to the existing MGRP 40 and 80ms, and it is also agreed that 160ms MGRP is not used to measure LTE inter-frequency carriers in NSA. The reason to add 160ms MGRP is that SSB (and maybe also CSI-RS) can be transmitted every 160ms, and some gap occurrences may be not useful with 40 or 80ms MGRP.

In RAN4#84, some companies also proposed to introduce shorter MGRP like 20ms in NR, in order to support high speed UE with up to 500km/h velocity. We this there could be a valid need, and besides that, we think shorter MGRP like 20ms is also useful for mmWave because the beam coverage is small compared to traditional cell coverage in sub-6GHz, and more frequent measurement sampling may be needed for UE to track the beam change. One also needs to consider when UE Rx beamforming is used in measurement, the measurement delay could be extended as it would take more time for UE to measurement different spatial directions, and in such cases, there may be a need to use smaller MGRP to improve the total measurement delay. In summary, we think there is a clear benefit to introduce 20ms MGRP in NR, and we see no reason to limit the its usage in specification to a certain frequency range or certain deployment, instead it would be up to network configuration which MGRP should be used.
Similar as 160ms MGRP, 20ms MGRP does not exist for LTE today, so it does not make sense to introduce it in NSA for measurement of LTE inter-frequency layers. Similar restriction as 160ms MGRP should be introduced, i.e. if there is LTE inter-frequency layer to be monitored, 20ms MGRP won’t be used, and RAN4 will not define LTE inter-frequency requirements based on 20ms MGRP.
Proposal 4: 20ms MGRP is defined for both sub-6GHz and mmWave, and for both SA and NSA.
Proposal 5: In case of NSA, 20ms MGRP is not used for LTE inter-frequency measurement. 

Single v.s. multiple SMTC
One issue that was discussed but not agreed is whether the GP should be per UE, or per measurement object (or a group of objects). In LTE the GP is per-UE, as there will be always a PSS/SSS and CRS within the MGL of 6ms, so a frequency layer is always measurable regardless of the gap offset. In NR, however, SSB can be transmitted with large periodicities like 40, 80, and 160ms, and how to ensure gaps are overlapping with SSB burst is a key question. 

In the end, there was no agreement in RAN4#84, but a question to network vendors and operators was captured in the WF. Fundamentally, it’s about the feasibility and willingness to synchronize SSB transmission across frequency layers. Two cases of synchronous SSB and asynchronous SSB transmission across frequency layers are shown in Figure 2.
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Figure 2: Illustration of per-UE GP and per-object GP
In the left part of Figure 2, the SSB transmission in frequency layers are synchronized such that a single per-UE GP can cover the union of the SSB burst in all layers. In this case a single GP is enough, and similar as in LTE, the performance requirements should in principle be scaled with number of the inter-frequency layers, while the exact gap usage (e.g. which layer is measured in a specific gap occurrence) is up to UE implementation. This is similar as LTE R12 SCE and R13 LAA measurement. Of course, some optimization in performance requirements is possible, e.g. the SMTC offsets in F2 and F3 are arranged in such a way that UE can measure them alternately, and the final scaling factor for all 3 layers can be 2 instead of 3 if the gaps are used smartly. However, there seem to be a lot of possible SMTCs and GPs to be considered, and it’s not clear if RAN4 has time to find a good solution to cover all the cases in R15. Therefore, we are open to whether and how to optimize the performance requirements for per-UE GP in R15.
In the right part of Figure 2, the SSB transmission in frequency layers are not synchronized, thus cannot be covered by a single GP with fixed MGRP and offset. Instead, in order to measure all the layers, the gap offset have to be different for each layer, which means the GP is per measurement object. Of course, if the total gap at the UE level is the union of the per object gap, the data performance may be severely impacted, so it is reasonable to leave the exact gap usage and corresponding performance requirements to network control. For example, in Figure 2, network configures the UE to do measurement on three layers alternately, and the overall overhead due to gaps are same as single per-UE GP. In this way, the gap offset (equivalently which layer to measure) is controlled by network. It is different from LTE principle, but we understand this is the only way for network and UE to have a common understanding about where the gaps will take place.
In our view, both scenarios need to be supported in R15, as the possibility to have synchronized SSB transmission across frequency layers may be different for different operators’ deployments. One may think that the synchronized scenario can be considered as a special case of asynchronized case, so in specification requirements only need to be defined for asynchronized case. In our understanding, however, when a single GP is used for multiple frequency layers, it is more reasonable to use the UE implementation based scaling approach, as it is hard for network to decide the exact gap usage.
Proposal 6: Measurement performance requirements are defined for both single per UE GP and per object or per object group GP.

· Performance requirements with single per UE GP are scaled with Nfreq.

· Performance requirements with per object or per object group GP are controlled by network.
Need for gap
In RAN4#84, the definition of intra- and inter-frequency measurements were agreed. Also agreed was that inter-frequency measurement is with RF retuning. In our understanding, the agreement means inter-frequency measurement requirements should be defined assuming gaps are used, but whether UE actually needs to re-tune its RF chain to perform the measurement is another issue. This is same as in LTE, that inter-frequency requirements are gap based, but based on implementation, some UE may not actually need gaps to measure a certain band when operating on a certain band combination. This is indicated to the network as UE RF capability so that network does not need to configure gaps for such inter-frequency measurements.  
In our view, same approach should be followed in NR, and it is important to clarify the UE assumption regarding need for gaps for inter-frequency measurements, in order to allow network to save the overhead for gaps whenever possible. A particular scenario we are concerned is when inter-frequency carriers in the UE operating BW. In LTE 36.300, a measurement scenario like shown in Figure 3 is regarded as gap assisted and network would need to provide actual gaps, since UE is assumed to use a narrow band FFT for cell search. For NR, we believe different UE implementation options need to be considered to reduce the cases where gaps are required. For example, UE can adjust in baseband domain the frequency of the searcher FFT thus avoiding the need to re-tune RF (thus need for gaps). Basically, UE should by default not require gaps for re-tuning if the signals to be measured are included in the UE operating BW.
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Figure 3: Examples of inter-frequency carriers in UE operating BW 
Proposal 7: UE should by default not require gaps for re-tuning if the signals to be measured are included in the UE operating BW.

Rx beamforming
It is common understanding that when UE Rx beamforming is used, measurement gaps may be needed for UE to switch off from beams on its serving cell, in order to steer to other spatial directions to measure other beams in serving or neighbor cells, as this would cause interruption to data transmission in serving cell.
As the SSBs with different time indices in a burst are likely to be transmitted with different Tx beams, it seems necessary for UE to steer its Rx beam to one direction in the whole SSB burst, i.e. the assumption could be that UE can only measure from one spatial direction per gap occurrence. Then for a certain beam in a cell (either serving or neighbor), it may take some gaps for UE to identify the best Rx beam to measure it, and the total measurement delay may be extended. As the Rx beamforming is considered to UE implementation specific issue, we think it’s time for RAN4 to discuss what is the assumption in usage for UE measurement with Rx beamforming, and how to account for it in the performance requirements. 
Proposal 8: RAN4 should discuss how to account for UE Rx beamforming in gap usage, and corresponding measurement performance. 
3 Conclusions 

In this paper, we provided our views on the measurement gaps in NR.

Proposal 1: Shorter MGL is defined for both sub-6GHz and mmWave, detailed MGLs to be defined are FFS.

Proposal 2: RAN4 to discuss the assumption of UE re-tuning time for NR. 

Proposal 3: Performance requirements are not impacted by MGL, i.e. the measurement performance is same for 6ms and shorter MGL.
Proposal 4: 20ms MGRP is defined for both sub-6GHz and mmWave, and for both SA and NSA.

Proposal 5: In case of NSA, 20ms MGRP is not used for LTE inter-frequency measurement.

Proposal 6: Measurement performance requirements are defined for both single per UE GP and per object or per object group GP.

-
Performance requirements with single per UE GP are scaled with Nfreq.

-
Performance requirements with per object or per object group GP are controlled by network.
Proposal 7: UE should by default not require gaps for re-tuning if the signals to be measured are included in the UE operating BW.
Proposal 8: RAN4 should discuss how to account for UE Rx beamforming in gap usage, and corresponding measurement performance.
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