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1. Introduction

In the last RAN4 meeting a way forward to investigate whether it is feasible to continue work on small gaps for measurement in Rel-12 or not was approved and according to which [1]:
· At RAN4#72Bis, based on feasibility study, companies will agree on one of the following options:
· Option 1: Continue the work on solution for small gap measurements under Rel-12
· Option 2: 
· Continue the work on solution for small gap measurements under Rel-13
· Apply Rel-11 solution of PCell interruption due to deactivated SCell measurements for Rel-12 
In this paper we analyse the above mentioned two options to identify which of the two options is more suitable. 
2. Analysis of small gaps for measurements
Figure 1 shows the small gaps, which is reproduced from [1]: 


Figure 1: small gaps according to [1]

It is not clear from the approved wayforward whether the intention of small gaps is to use it for only measurements on SCC or on both SCC and on inter-frequency/inter-RAT measurements. It is certainly intended to be used for at least SCC measurements since the fallback option in Rel-12 would be to use Rel-11 solution [1] which is for SCC measurements. So we assume in this analysis that the small gaps are used for at least measurements on SCC with deactivated SCell.  
One main motivation behind use of small gaps over conventional gaps would be that the gap is much shorter. For example instead of 6 ms of conventional, gap the aggredated gaps per measurement occasion is expected to be 2 ms in case of small gaps i.e. 2 x VIL. This applies only for inter-band CA where each interruption of 1 ms is allowed. However in intra-band CA where each interruption can be up to 5 ms. This means for intra-band CA the UE may need up to 5 ms for each interruption and this is only 1 ms less than 6 ms conventional gap length. Several 3 DL CA combination comprises of both intra- and inter-band CA. So in this case typically VIL of 5 ms will be needed. For example even if VIL is configurable then small gaps will have to be configured by eNB with VIL of 5 ms since it is up to UE to decide when to measure a particular SCC with deactivated SCell. It is also worth noting that VIL of 5 ms would render small gaps much worse than the existing gap pattern in terms of total amount of gaps per measurement occasion.     

Another important aspect to consider is the simultaneous operation of existing measurement gap pattern with the small gaps. For example RAN4 needs to inventigate whether it is feasible to configure the UE with the existing pattern for performing inter-frequency/inter-RAT measurements as well as with the small gaps simultaneously i.e. in parallel. If this is allowed then several aspects need to be considered. For example due to increase in overall gaps there might be degradation on intra-frequency measurement performance as intra-frequency measurements are done between the gaps. At least we feel that there is impact on UE implementation because UE will have to adapt sampling for intra-frequency measurement and it will have less freedom for samping due to increase in allowed gaps. However if VIRP is the same as measCycleSCell then impact on intra-frequency measurement is not significant but this level of configurability increases unnecessary UE and eNB complexities, signalling overheads as well as greatly limits UE implementation freedom. Also we think VIRP << measCycleSCell so as allow the UE sufficient implementation freedom in terms of when to measure on SCC with deactivated SCell. 
On the other hand if the intention is that the UE uses the small gaps for SCC measurements only if conventional (existing) gaps are NOT configured then we feel RAN4 needs further analysis and impact on UE implementation. This is because the UE will have to switch its on going measurement procedure on SCC based on small gaps and conventional gaps as latter may start anytime by eNB. It should also be noted that based on similar discussion in [3] several companies in RAN4 expressed that use of (existing) measurement gaps for SCC measurements will have significant impact on UE implementation as well as on performance of existing inter-frequency/inter-RAT measurement requirements.   
In summary the introduction of small gaps would make at least the measurement procedures in Rel-12 CA quite different compared to those in Rel-10/Rel-11 CA. This means significant amount of effort would be needed to make the small gap solution working in practice for Rel-12 CA. However due to lack of time this cannot be adequately investigated in Rel-12.

· Observation # 1: Each VIL in small gaps in a measurement occasion needs to be 5 ms for intra-band CA. This means small gaps will be larger than existing gap which is 6 ms.
· Observation # 2: The simultaneous use of small gaps for SCC measurements and existing gap pattern for inter-frequency/inter-RAT measurements may affect intra-frequency measurement performance and UE implementation. These aspects need further investigation.
· Observation # 3: If small gaps are used for SCC measurements only when existing gap pattern is not configured, then we assume that the UE will use the existing gap pattern for SCC measurements. If so then several aspects need further investigation e.g. impact on existing inter-frequency/inter-RAT measurement performance, UE implementation for switching between 2 types of gap patterns.
· Proposal # 1: Based on our observations, our conclusion is that feasibility of small gaps requires considerable more analysis and is not realistic for Rel-12. We therefore suggest that Rel-11 solution [2] is also used for SCC measurements in Rel-12.
2 Summary
This paper provide brief analysis of use of small gaps for impact of the baseline option (option # 2 [1]) on network and UE implementations. The handling of serving cell interruption due to inter-frequency/inter-RAT measurements without gaps is also analyzed. The summary of the proposals is as follows:
· Observation # 1: Each VIL in small gaps in a measurement occasion needs to be 5 ms for intra-band CA. This means small gaps will be larger than existing gap which is 6 ms.

· Observation # 2: The simultaneous use of small gaps for SCC measurements and existing gap pattern for inter-frequency/inter-RAT measurements may affect intra-frequency measurement performance and UE implementation. These aspects need further investigation.
· Observation # 3: If small gaps are used for SCC measurements only when existing gap pattern is not configured, then we assume that the UE will use the existing gap pattern for SCC measurements. If so then several aspects need further investigation e.g. impact on existing inter-frequency/inter-RAT measurement performance, UE implementation for switching between 2 types of gap patterns.
· Proposal # 1: Based on our observations, our conclusion is that feasibility of small gaps requires considerable more analysis and is not realistic for Rel-12. We therefore suggest that Rel-11 solution [2] is also used for SCC measurements in Rel-12.
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ML: Measurement Length


VIL: Visible interruption length


VIRP: Visible interruption Repetition Period 








