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1
Introduction
In RAN4#78bis meeting in San Jose del Cabo RAN4 discussed measurement gap enhancements WI based on the SI outcome as well as contributions. In this paper, we give some input to the discussion related to some of the different solutions proposed in the SI phase and discussions in last meeting. When discussing potential enhancements to existing measurement gaps, complexity of the potential enhancement and gain from the enhancements needs to be carefully evaluated. Both when it comes to UE impact and impact on network side.

2
Discussion
Following sections discusses and raises some issues, which we think RAN4 would need to discuss when evaluating and before making decisions regarding which measurement gap enhancements to introduce.
2.1 Regarding introduction of Short Gaps

In last meeting, the short gap solution was discussed and one important open item here is the length of the short gap. A couple of proposals were discussed – either 3 or 4 ms. When discussing the length of the gap it is clear, that due to the need for switching time on UE side, there is a practical minimum length of the gap. Currently the UE switching time is assumed to be 0.5ms in each end of the gap. RAN4 has earlier discussed whether this switching time could be assumed shorter e.g., due to UE implementation developments since Rel-8 – but this was not seen feasible by all companies in RAN4. Based on this, one must assume that the absolute minimum length of a short measurement gap is 2ms.
Observation: the absolute minimum length of a short measurement gap is 2ms.

Another thing to consider when discussing existing gap versus introducing a new shorter gap is also the reasoning behind choosing a 6ms measurement gap length back in Release 8. Reason is very simple – a 5ms gap is assumed to enable UE to detect both PSS and SSS in same gap in both synchronous mode as well as asynchronous mode. When shortening the gap length it will no longer be possible for the UE to receive both PSS and SSS in one and same gap, and RAN4 would need to consider how to ensure that the UE is having gaps for receiving both PSS and SSS.
Observation: A short gap solution need to consider gaps enabling UE to receive both PSS and SSS.
2.2 Network Controlled Short Gap (NCSG)

During the last years, RAN4 has had many discussions related to interrupts. Mostly these have been concentrating on CA related interrupts but also interrupts related to DC operation have been introduced. RAN4 specification now have minimum requirements for the UE regarding the amount of gaps, and when some of these interrupts may happen.
Network Controlled Short Gaps can be used to remove the need for UE autonomous gaps and the impact from these interrupts. Additionally NCSG can be used for improving the UE power saving opportunities by enabling power off of additional receivers on UE side more efficiently and without any restrictions.
We see the introduction of NCSG beneficial at least in following situations:

· Measurements of deactivated SCell for CA

· Measurement of deactivated SCell for DC

· Inter-frequency measurement using 2nd receiver

One could also consider having similar NCSG for other cases of interruptions like for SCell configuration and activation. However, as these interrupts do not happen on a regular basis, makes alignment of any gap pattern difficult. Additionally, interrupts caused by configuration, activation and deactivation are more or less known to network (and amount is network controlled) and therefore it might not be necessary to cover these cases – at least in the initial phase.

Observation: NCSG would need to consider both inter-frequency and deactivated SCell measurements.
One additional thing to discuss is how to handle the situation where the UE may be able to perform certain measurements using NCSG while other measurements require existing GL.
As basis, we see that re-use of existing gap patterns might be a good start. By adding new short gap indication or virtual gap as proposed in [1] might be one approach, although the final signaling solution is of course RAN2 decision.

2.3 Per CC Gap Pattern

As discussed a lot during the SI and in last meeting, the per CC gap pattern would depend on the UE design and implementation. I.e. having a generic approach might be a challenge. RAN4 would at least need to consider complexity of such solution. Additionally RAN4 need to decide what kind of information the UE would need to deliver to the network in order for the network to reliably use a per CC gap pattern. As there will be very many different device implementations in the field also in the future, RAN4 also need to consider the network impact and complexity. It may in the end not be feasible for the network to handle a large number of different gap patterns and the impact on network side could be significant – e.g. on the network scheduler.
Observation: Network impact from introduction of per CC GP needs to be considered.

Per CC gap pattern such that UE can measure multiple carrier per measurement gap has also been proposed. Such an approach might be simpler in the sense that there would not be a need for any new GPs. This solution could be realized through measurement requirements but RAN4 would still need to discuss how or if this UE capability needs to be known by network.
Observation: RAN4 should discuss if network should be aware of UE performing multi-CC measurements per gap.

2.4 Background Search for small cells
RAN4 has earlier discussed introduction of background search for small cells in connection with the HetNet WI. At that time, RAN4 could not reach agreement on introducing such bursty GP because it would lead to new GP and need for signaling.
Some proposal where put on the table, mostly re-using existing GPs, where only some of the actually available gaps would be used by the UE. Introduction of such Background (BG) search pattern based on existing GPs should be fairly straight forward and the amount of signaling needed to realize it could be fairly small (RAN2). As the amount of small cells, hotspot etc. i.e. all use cases discussed during the HetNet discussion, is predicted to increase in the future, we think introduction of BG search pattern is still appropriate and has merit.

Introduction of such NG search can be useful already now and in the future. Additionally it can help in reducing the UE power consumption and improve user TP.

Observation: The need and use for BG search pattern is still present.
3
Conclusion
When discussing measurement gap enhancement RAN4 need to consider a wide range of topics. The discussion in this paper highlights a number of issues to be discussed and decided in RAN4 before agreements on final solution(s) can be done. Some of these are:
Observation: the absolute minimum length of a short measurement gap is 2ms.

Observation: A short gap solution need to consider gaps enabling UE to receive both PSS and SSS.

Observation: NCSG would need to consider both inter-frequency and deactivated SCell measurements.

Observation: Network impact from introduction of per CC GP needs to be considered.

Observation: RAN4 should discuss if network should be aware of UE performing multi-CC measurements per gap.

Observation: The need and use for BG search pattern is still present.

RAN4 need to consider practical cases and implementation as well as the potential gain versus complexity from the solutions. UE and network impact needs to be discussed and understood. Based on this we propose to try to focus on the following solutions: NCSG and background search pattern.
Finally, we would like to highlight that currently configuration of measurement gaps is under network control. Our view is that this will also be the case in the future even after introduction of possible measurement gap enhancements. 
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