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1 Introduction
In RAN4#84 there were discussions and agreements related to both the need for measurement gaps, and the measurement gap patterns to be used for NR measurements. Regarding the need for measurement gaps, it was agreed that measurement gaps may be needed for both intra and inter measurements; when retuning is needed a measurement, gap should be assumed. The following agreements from the RRM way forward are relevant [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



	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.



2 Discussion

Based on the discussion, there are 3 main aspects to address in further work on NR measurement gaps

· ML : Shorter than 6ms ML is FFS for both sub-6GHz and mm-wave

· MGRP : Shorter MGRP than 40ms is FFS for both NSA and SA NR

· The question ” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?” needs to be addressed
We provide our views for each of these topics. 

Shorter ML
In LTE, measurement gaps were introduced for interfrequency measurement. Their use was later extended to MTC UEs for intrafrequency measurement. Separately, in release 14 measurement gap enhancement SI, short ML gap patterns were introduced to reduce the overhead of measurement gaps in synchronous deployments.

In NR, more widespread use of measurement gaps is likely for several reasons

(1) As discussed and agreed in RAN4#84, measurement gaps may be needed for intrafrequency measurements to allow the UE to retune when the SS burst is not within the UE active reception bandwidth. This includes not only measurement of SS blocks in the burst of neighbor cells which is needed for mobility purposes but any measurements of SS blocks of the serving cell for purposes such RLF evaluation. Since an NR gNB may operate with very wide bandwidth (greater than UE BW), the scenario where intrafrequency measurements need to be made with gaps is not limited to MTC operation and is likely to apply to many MBB types of UE.
(2) As discussed previously in RAN4, for mm-wave UE which performs RX analogue beamforming, while these UE are performing measurements with an RX beam which does not point in the direction of the serving cell, they may be unable to measure.

(3) For a basestation using analogue beamforming, it cannot schedule a UE on the downlink during the time that it is transmitting an SS block, unless the UE is using the same beam as the SS block.

For these reasons, we see that shorter than 6ms ML to minimize the overhead of measurement gaps is strongly motivated, especially for mm-wave NR. In addition, synchronous operation is likely to be common for NR, whereas in LTE release 8 the priority was to develop generic measurement solutions that were applicable for both asynchronous and synchronous neighbours.
Since 3ms ML has been specified for LTE short ML would be beneficial for NR sub 6GHz operation as well, and there seems no reason to limit the short ML operation to mm-wave.

Proposal 1 : Shorter than 6ms ML is introduced for both sub 6GHz and mm-wave

Next, we consider the possible values for ML. The shortest ML which could be considered with 0.5+0.5ms switching time is 2ms if we assume 1ms granularity of ML to allow some margin for propagation delays and some measurement time. Most likely, the smallest practical value is 3ms. The additional work for specifying requirements for specifying short ML compared with just specifying 6ms ML is rather similar no matter how many short ML gap patterns are specified, since the UE detection and measurement delays will be the same regardless of what ML is used, under the side condition that serving and neighbour SS burst sets are contained within the configure ML. For this reason, we propose
Proposal 2 : 3ms, 4ms and 5ms ML is introduced.
Shorter MGRP
This discussion is somewhat connected to the discussion on short ML. Since the SMTC periodicity can be shorter than 40ms, it can clearly be beneficial to cell detection and measurement delay to introduce a short MGRP. On the other hand, with ML=6ms gaps, 6/20ms already represents a considerable overhead and HARQ RTT for both uplink and downlink will further reduce the occasions on which the UE can be scheduled, beyond the theoretical calculation from the measurement gaps themselves.
On the other hand, especially if the UE needs measurement gaps to receive the serving cell SSB, shorter MGRP would be beneficial not just for mobility measurements but also for radio link monitoring. In addition, the overhead becomes less when shorter ML is used, e.g. 3ms / 20ms is the same overhead as 6ms / 40ms. MGRP = 10ms and MGRP = 5ms are still likely to lead to excessive overhead however
For this reason, we propose 

Proposal 3 : 20ms MGRP is introduced

Another open issue if proposal 3 is adopted is whether 20ms MGRP is needed for NSA and SA, or SA only. Since PSCell radio link monitoring may need to be performed in measurement gaps, it would appear to be useful to specify 20ms MGRP for NSA and SA operation. 
Proposal 4 : Shorter MGRP is introduced for both NSA and SA operation of NR

Proposal 4 may need some consideration for LTE, since the UE may need to measure interfrequency LTE cells when 20ms MGRP is configured (since gap configuration is per UE). On the other hand, there seems no strong motivation to introduce “enhanced” performance requirements for LTE based on the use of 20ms MGRP measurement gaps. One way would be to apply gap pattern 0 requirements for LTE, even though a shorter gap pattern is configured (for NR measurement purposes).

Proposal 5 : For NSA, the impact of proposal 4 to LTE can be studied further

How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?
We begin with an observation that regardless of whether the same or different measurement gap patterns are used, the serving gNB at least needs to be aware of the SMTC offset and periodicity that is used for any frequency layer which it wants to configure as a UE measurement object. Otherwise, even if the NR standard supports multiple gap patterns which could theoretically allow UEs to make the measurements, it will still not know how to configure the serving cell gap patterns.
Observation 1 : Regardless of whether a single measurement gap pattern can cover the union of SMTC of different frequency layer, coordination of SMTC and gaps between serving cell and interfrequency neighbours is needed to configure measurement gaps.
There was some discussion of multi-vendor scenarios as a reason why a network might not be able to operate with a single measurement gap pattern covering the union of SMTC. Based on observation 1, it appears that network nodes would need to share information on SMTC timing which seems to preclude completely asynchronous operation of the two vendor networks unless the SMTC timing offsets can be estimated and updated on a regular basis, or alternatively 5ms SS burst set periodicity can be used which guarantees that SS blocks are found within any 6ms measurement gap. For this reason, our view is that even when multi-vendor scenarios are considered, it would be better to coordinate SMTC with each other, rather than specifying multiple gap patterns which anyway need to be coordinated with the other vendor’s SMTC. If this cannot be done, NR offers other solutions such as 5ms SS burst set periodicity but this is an inefficient solution although it may still be more efficient than LTE with 5ms PSS/SSS periodicity and continuous CRS transmission.
Based on the need to coordinate neighbour SMTC with serving cell measurement gap offset(s), we think that a better solution is simply to coordinate all SMTC offsets and use a single measurement gap pattern. This does not mean that the SMTC periodicity or even the offset must be identical between frequency layers. For example, if f1 uses SMTC periodicity = 40ms and f2 uses SMTC periodicity = 80ms with the same offset the UE can still measure. Another example would be to use f1 and f2 with SMTC periodicity = 80ms and 40ms offset between f1 and f2. 

Proposal 6 : For multiple layer measurements NW will configure a single measurement gap pattern to cover the union of SMTC of different frequency layer
Regardless of this proposal we also discuss some of the possible solution for multiple gap patterns in case the proposal is not accepted. The simplest solution is simply to configure multiple parallel gap patterns with different offsets such that they are non-overlapping and allow the different SMTCs to be measured. The problem is that this quickly leads to high gap density and even 2 parallel gap patterns with MGRP = 40ms and ML=6ms will have a high overhead of 30% gaps + HARQ impacts.

As an enhancement, it was proposed in [2] to configure the UE with a measurement order. Gaps then occur without higher overhead, for instance if MGRP=40ms is used and the UE is configured to measure f1 during the first 40ms and f2 during the second 40ms, then the SMTC offset for f1 can be assumed by both UE and network for the first gap period, and the SMTC offset for f2 can be assumed for the second gap period.
This solution appears to be technically viable, however it can also be regarded as logically equivalent to using parallel gap patterns with longer MGRP. This is illustrated in figure 1a and figure 1b.
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Figure 1a : Measurement gap pattern with indicated measurement order and gap offset per MGRP
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Figure 1b : Measurement gap pattern with parallel measurement gaps and longer MGRP
It can be seen from comparing figure 1a and figure 1b that the time instants when the UE cannot be scheduled are identical and the carriers being measured are also identical for both approaches. 
If an exact measurement order is specified, the UE has less freedom about when to measure F1 and when to measure F2 compared with the case where parallel gaps with longer MGRP are specified. The same freedom could potentially be introduced not by specifying a measurement order in terms of measurement objects but rather by specifying a measurement order in terms of SMTC offset groups, where F1 and F2 would belong to the same SMTC offset group. Note however, that from a gap/scheduler point of view the times when the UE can be scheduled are the same for both approaches, regardless if SMTC offset group order or an exact measurement order are signalled.

Observation 2  Measurement with a single gap with different offset per MGRP and signaled SMTC group/measurement order and measurement with parallel gap patterns with longer periodicity are logically the same

By logically equivalent, we mean that the times when the UE can be scheduled are the same, and the frequency/frequencies that the UE would be able to measure in each gap are the same. Since both approaches are logically equivalent and overlapping SMTC between frequency layers can be handled straightforwardly for the parallel gap approach our preference if proposal 6 is not accepted would be to introduce parallel measurement gap patterns with longer MGRP. Since MGRP=160ms is agreed for single carrier measurements, the MGRP that would be needed for this solution are
MGRP=[20▪N] , 40▪N, 80▪N, 160▪N where N=1,….Nmax. .Nmax.is the maximum number of configured  measurement objects (or SMTC groups). 

Proposal 6bis :If proposal 6 is not accepted, multiple layer measurements may be covered by multiple parallel gap patterns with  MGRP=[20▪N] , 40▪N, 80▪N, 160▪N where N=1,….Nmax. .Nmax.is the maximum number of configured  measurement objects (or SMTC groups).

Nevertheless, we would like to indicate a preference for proposal 6 compared with proposal 6bis

3 Conclusions

This paper has discussed remaining open issues for measurement gap from [1] and we propose
Proposal 1 : Shorter than 6ms ML is introduced for both sub 6GHz and mm-wave

Proposal 2 : 3ms, 4ms and 5ms ML is introduced.
Proposal 3 : 20ms MGRP is introduced

Proposal 4 : Shorter MGRP is introduced for both NSA and SA operation of NR

Proposal 5 : For NSA, the impact of proposal 4 to LTE can be studied further
Proposal 6 : For multiple layer measurements NW will configure a single measurement gap pattern to cover the union of SMTC of different frequency layer
Oberservation 2  Measurement with a single gap with different offset per MGRP and signaled SMTC group/measurement order and measurement with parallel gap patterns with longer periodicity are logically the same

Proposal 6bis :If proposal 6 is not accepted, multiple layer measurements may be covered by multiple parallel gap patterns with  MGRP=[20▪N] , 40▪N, 80▪N, 160▪N where N=1,….Nmax. .Nmax.is the maximum number of configured  measurement objects (or SMTC groups).

Nevertheless, we would like to indicate a preference for proposal 6 compared with proposal 6bis
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