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1 Introduction

At RAN4#76 in Beijing a way forward on measurement gap enhancements [1] was agreed. One of the areas covered by the WF concerns increased UE scheduling opportunity and/or reduced power consumption by introducing new configurations of gaps in addition to the legacy gaps (6ms every 40 or 80ms) mainly for monitoring heterogeneous network neighbour carriers. Such monitoring can be carried out sparsely as the concerned carriers, in this scenario, are intended to be used for load balancing and not for providing mobility.
Several proposals have been put forward:
· Burst gap pattern/periodical gap suspension) ([2],[3])
· Reduced MGL with configurable gap offset ([4])
· Reduced Gap impact on UL scheduling ([5])
· Reduced MGL with synchronized or coordinated PSS/SSS transmission ([6],[7])
The WF further invited interested companies to provide feedback on the candidate proposals
In this contribution we provide our view on the proposals and compare them with the proposal put forward by us ([2]).
2 Background
2.1 Burst gap pattern/periodical gap suspension
The proposals in [2] and [3] are based on reuse of legacy measurement gap patterns where a burst of gaps is used and the rest of the gaps are suspended in a network-controlled manner, e.g. by introducing new gap identities or by providing one more parameter that indicates which sequence of gaps is to be suspended.

From UE implementation perspective either of the two is simple to implement as the underlying sequence is a legacy gap sequence.
2.2 Reduced MGL with configurable gap offset
The proposal in [4] is to introduce new MGL (e.g. 2, 3, and/or 4ms) and new MGRP that allows a gap to slide over all possible target cell timings, or a measurement gap offset that may be jittering to achieve the same effect. In order for the UE to search all possible timings of a neighbor cell it would have to use multiple gaps. 
2.3 Reduced Gap impact on UL scheduling
The proposal in [5] concerns changing the handling of uplink allocations before and after a measurement gap. Current specifications specify that scheduling grants (SG) received by the UE in any of the 4 subframes immediately before a measurement gap shall be ignored since measurements shall have precedence over all other activities except for monitoring random access response. At the same time, after a measurement gap there are 4 subframes where a UE cannot transmit. The reason is mainly that when a UE receives a SG it applies for an uplink subframe 4 subframes later. The proposal is that SGs received in the 4 subframes immediately before the gap would be applicable in the 4 subframes immediately after the gap, and thereby the impact by measurement gaps on UL scheduling opportunities would be significantly reduces.

Although we find merits in this proposal, we have to point out that the analysis in [5] overlooks that in FDD as well as in most of the TDD cases the UE is not expected to transmit in the first subframe following a measurement gap. The reason is that timing advance otherwise would reduce the effective length of the measurement gap to an extent where the UE would become systematically blind to some cells. Hence the gain is less than stated.

Observation 1: The UE is in general not expected to transmit in the first subframe following after a measurement gap. This is applicable to FDD and to most TDD scenarios. The reason is that otherwise timing advance would cause the effective measurement gap length to be less than required for detecting cells within a particular range of frame timing relative to the gap timing. 
2.4 Reduced MGL with synchronized or coordinated PSS/SSS transmission
The proposal in [6] concerns introducing short 1 or 2 ms measurement gaps that are aligned with the subframes wherein a neighbor cell transmits synchronization signals. A difference between this proposal and the proposal in section 2.2 is that the MGRP would be a multiple of 5ms, i.e., it will only work in synchronous LTE systems. In [7] it is additionally proposed to introduce synchronization of transmission of synchronization signals from neighbor cells in asynchronous LTE systems via information exchange over the X2 interface. In order to handle an uncertainty of ±500us, the measurement gap length is further proposed to be increased to 3ms.
3 Discussion
The proposal in section 2.3 will make sense in also in combination with any of the other proposals listed above since it would allow uplink scheduling in 3 of the 4 subframes following immediately after a gap. 

Proposal 1: RAN4 shall ask RAN1 to investigate the feasibility of applying SGs received in 3 of the subframes immediately before the gap in the 3 subframes following one subframe after the gap.

The same approach may also be considered for ACK/NACK transmission on received downlink allocations immediately before a gap. In general base stations avoid unicast transmissions to a UE in the subframes immediately before the measurement gaps since no HARQ feedback can be received. Therefore in practice the 6ms gap becomes a 10ms gap on the downlink. Enabling postponed HARQ feedback would allow efficient usage also of the downlink subframes immediately before the gap.

Proposal 2: RAN4 shall ask RAN1 to investigate the feasibility of postponed HARQ feedback on downlink transmissions received in the subframes immediately before a measurement gap, as this would allow more efficient scheduling of the UE.

Regarding the proposals on changed MGL and MGRP we see merits in the proposal in section 2.2, as this could also be a means for latency reduction in time-critical applications; a 2ms gap would allow SG received immediately before the gap to be applied after the gap already with current specifications. Similarly it would be possible to schedule the UE immediately before the gap and get the HARQ feedback after the gap with current specifications. Hence the UE would be able to maintain a connection that is interrupted only by at most 3ms. This is a big improvement with respect to the current situation where each 6 ms gap results in 10ms gaps on the downlink and 11ms on the uplink. Moreover the jittering or sliding of the gaps cater for that the solution would be applicable both in synchronous and asynchronous LTE systems.

We also find merits in the burst gaps in section 2.1, for which we are one of the companies behind the proposal. Since it builds on existing gap sequences it would be relatively easy to implement both in the UE and in the base station scheduler. Timing budgets for the UE processing would not be affected to the same extent as if changing the MGRP or introducing jittering. Burst gaps would however not help improving latency in time-critical applications.
Regarding the gap configuration proposed in 2.4 and the associated synchronization between cells over the X2 interface we do not think it is flexible enough for upcoming features such as LAA, and hence we think the complexity associated with implementing the proposal is not justified by the gains.
It is necessary to narrow down the options in order to close the study item on time.

Proposal 3: RAN4 shall decide on whether to introduce burst gaps ([2],[3]) or Reduced MGL with configurable gap offset ([4]). Reduced MGL with synchronized or coordinated PSS/SSS transmission ([6],[7]) shall not be considered.
4 Conclusions

We have studied the different proposals and suggest the following: 

Proposal 1: RAN4 shall ask RAN1 to investigate the feasibility of applying SGs received in 3 of the subframes immediately before the gap in the 3 subframes following one subframe after the gap.

Proposal 2: RAN4 shall ask RAN1 to investigate the feasibility of postponed HARQ feedback on downlink transmissions received in the subframes immediately before a measurement gap, as this would allow more efficient scheduling of the UE.

Proposal 3: RAN4 shall decide on whether to introduce burst gaps ([2],[3]) or Reduced MGL with configurable gap offset ([4]). Reduced MGL with synchronized or coordinated PSS/SSS transmission ([6],[7]) shall not be considered.
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Interested companies are encourage to provide evaluations in RAN4#77 on the candidate proposals at least from the following perspectives


Inter-frequency identification delay


Inter-frequency measurement delay


UE scheduling opportunity for both DL and UL


It can be equivalent to UE power consumption and/or DL/UL throughput loss due to configured gap, including both measurement gap and small gap


Other UE and network impact, including but not limited to AGC adjustment, implementation complexity and flexibility
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