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1
Introduction
In RAN4#80bis meeting in Ljubljana RAN4 continued the discussion on measurement gap pattern enhancements and a WF was agreed in [9]. Part of the agreed WF was related to introduction of the non-uniform gap pattern. In this paper, we give a more detailed proposal related to the realization of the non-uniform gap pattern. We look at how to realize the solution in terms of new gap pattern, potential RAN2 support and how the expected RAN4 and UE impact would be. 
2
Discussion
The agreed WF [9] included two possible solutions related to non-uniform gap pattern and uniform gap pattern with longer repetition period were to be studied. Here we focus solely on the burst gap pattern, which gained good support during the RAN4#80bis. Concerns related to the solution were raised during the meeting, which we try to address here. 

2.1 Non-uniform measurement gap pattern
From earlier discussions, RAN4 agreed the WF [8], which captures:

· Per-CC based measurement gap can be configured based on existing measurement gap patterns (i.e. Gap Pattern Id 0 or 1) or the gap patterns with shorter MGL 
· Short gaps and legacy gaps cannot be mixed for per-CC based measurement gap configurations
· Per CC, measurement gap may or may not be configured
· It is FFS if lower density measurement gap configurations are defined or not
RAN4 has discussed in earlier meeting two types of new measurement gaps are mentioned:
1) Uniformly distributed

2) Non-uniformly distributed (burst gap pattern)

Moreover, in WF [9] RAN4 agreed:

· Decision on new gap pattern is made in RAN4#81
· Non-uniform gap pattern
· Uniform gap pattern with MGRP>80ms
The non-uniform gap pattern has been discussed for long time in RAN4 (since the RAN4 HetNet discussions) and there are benefits in introducing such gap pattern – e.g. background search for cells. Additionally 3GPP has lately introduced eMTC and during this RAN4 has discussed the need for intra-frequency measurement gaps for eMTC devices not operating on the center 6 PRBs. Some UEs will need intra-f gaps in order to enable the eMTC device to perform cell detection and measurements when not served on the center 6 PRBs. Not all devices will need measurement gaps in order to perform measurement but would only need gaps for performing cell detection. Such devices will benefit from non-uniform measurement gap pattern. 
2.2 RAN4 definition of non-uniform GP

As discussed during the HetNet discussions we see the non-uniform gap pattern as a subset of the existing gap patterns, which can be introduce with minor effort. Next, we look at how the non-uniform GP can be realized.
One simple way to realize the non-Uniform GP would be to define a number of gaps within a burst, which is repeated with some fixed periodicity - LMGRP repetition period. I.e. the burst of gaps within the non-uniform GP, would be a number of uniformly distributed MGs repeated with a given longer interval – e.g. every LMGRP. This principle is illustrated in Figure 1 where one burst consists of x MGs of 6ms spaced MRGP apart, and repeated every LMGRP.
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Figure 1 Illustration of one example how non-uniformly distributed measurement gaps
One example how to realize this in specification could be as follow:

Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	2
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Note: GP2 consist of [12] consecutive measurement gap repeated once per LMGRP as defined in 36.331
In this example we have assumed that the burst gap repetition period (here called LMGRP) is configurable by network through signaling.
As RAN4 should consider complexity and real deployments we propose that for the MGRP within a gap burst, the existing 40ms should be re-used. 
Proposal 1: MGRP within a measurement gap burst will re-use existing 40ms.

One question, which was discussed in Ljubljana, was the number of measurement gaps per burst of gaps. In [10] this was only shortly discussed.  In order to enable as much as possible re-use of existing requirements we propose to re-use the existing measurement time available for inter-frequency measurements – i.e. a gap burst would consist of 12 consecutive measurement gaps. 

Proposal 2: A measurement gap burst consists of 12 consecutive measurement gaps.
RAN4 also need to define a burst gap repetition period, which could be named as a long MGRP – LMGRP. During Nanjing meeting, it was agreed that 10240 should be divisible with any new LMGRP due to frame numbering. When considering burst gap pattern there should be some minimum distance between the burst of gaps in order for the new GP to provide real benefits. Based on this we could propose LMGRP of 5.12, 2.56 and 1.28 seconds.

Proposal 3: LMGRP of 5.12, 2.56 and 1.28 seconds should be considered.
Figure 2 illustrates the non-uniform measurement gap pattern with the proposed numbers.
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Figure 2 Non-uniform gap pattern with 12 consecutive 6 ms measurement gaps repeated every LMGRP
The gap pattern would, as any other of the currently existing gap patterns, be a UE specific gap pattern.

2.3 UE Requirements for non-uniform gap pattern
Next, we consider one potential way to realize the UE requirements when the UE has been configured with 1 inter-frequency carrier and non-uniform gap pattern. As we are considering inter-frequency measurements, the existing cell detection requirements could be re-used taking into account the increased periodicity of the burst gap:
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I.e. the UE requirement for being able to identify a new FDD inter-frequency within TIdentify_Inter is the relaxed according to LMGRP.
Assuming using the proposed parameters in proposals 1 and 2 and LMGRP of 5.12 seconds and only 1 inter-frequency carrier this would lead to a requirement of 19,66 seconds.
Based on the discussion in this paper and high re-use of existing UE requirements, we believe the non-uniform gap pattern would very much resemble inter-frequency measurements, which is already supported by the UE. Therefore, we do not see this solution as being very complex for UE side. Additionally, the solution would be simple also for network side as most of the signaling and complexity is already covered by the existing measurement gaps.
Proposal 4: RAN4 introduces new non-uniform gap pattern.

3
Conclusion
In this paper, we have taken the discussion on measurement gap enhancements one-step further based on the WF agreed in the last RAN4 meeting in Ljubljana and the discussion in the meeting. Based on the discussion in this paper we make a number of proposals regarding the non-uniform measurement gap solution:
Proposal 1: MGRP within a measurement gap burst will re-use existing 40ms.

Proposal 2: A measurement gap burst consists of 12 consecutive measurement gaps.
Proposal 3: LMGRP of 5.12, 2.56 and 1.28 seconds should be considered.
We conclude:

Proposal 4: RAN4 introduces new non-uniform gap pattern.

RAN4 should inform RAN2 about this agreement during this meeting to allow RAN2 to continue the detailed signaling support. In [11] we have provided an LS.
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