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1 Introduction
A new SI led by RAN4 has been approved in RAN #67 meeting [1][2]. Further discussions on SI scope are needed. This contribution further discussed the scope of new SI.
2 Discussion on Potential Scope for the measurement gap enhancement 
· Multiple measurement gap pattern assignment/ Large MGRP/ Performance requirement relaxation based on new measurement solutions

For offloading frequency layers, the performance requirements may not as tight as coverage frequency layers.  Therefore, it might be feasible to relax requirement in some scenarios.
A more feasible solution is to use multiple gap patterns for the concurrent monitoring in order to achieve trade off between measurement delay and throughput, UE power consumption etc. In order to minimum the impact to the system, it is encouraged to reuse legacy gap pattern with some modification.  
Solution 1: UE decides on how to measure
In the solution existing measurement gap pattern with existing measurement gap repetition periods is configured to UE, and the UE decides on how exactly to do the measurements to comply with the relaxed measurement requirement. For example, the UE may periodically skip some gaps and does not make inter-frequency measurement in these gaps, however, the exact number and position of these skipped gaps is agnostic to eNB.
Solution 2: eNB decides on how to measure
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Figure 1: Reuse legacy gap pattern with periodical gap suspension
The solution also reuses the existing measurement gap pattern with existing measurement gap repetition periods, which is same as the case in solution 1. But the difference is that the eNB decides UE how to measure. 

The UE takes the gap pattern into use for measurements during time interval T1, and then the UE suspends the gap pattern configuration and does not make any inter-frequency measurement during time intervalsT2. And the UE repeats above behaviour in endless cycles until the eNB releases the gap pattern configuration with explicit signalling. 

Performances Comparison
· Impacts on Signalling
For the first solution, it only needs an indicator to inform UE on which frequency the relaxed measurement requirement is applied. For the second solution, the RRC signalling needs to be defined to signal the value of T1 and T2 to inform the UE how to measure. If the UE wants to measure in a more efficient small cell discovery that has less impact on the power consumed, it needs the network to signal some assistance information to the UE. However this approach may lead to excessive signaling.
· Impacts on System Performance
The main concerns for solution 1 are lost scheduling opportunities in the gap period which is omitted by UE to save power. From UE perspective, the unused gaps will cause the packet performance loss. This is already claimed by RAN4 to RAN2 in the LS R4-135794 as following: 

The first option (i.e. solution 1 here) is not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement. 
For solution 2, as the eNB decides how the UE measures, the eNB knows the time intervals unused by the UE for measuring and can take these time intervals into use for transferring data. Hence, the scheduling opportunities during ignored measurement gaps will not be wasted and there should be throughput gain both from eNB perspective and from UE perspective.
In fact the simulation in our RAN2 contribution R2-140092 indeed shows that the throughput gain of solution 2 against solution 1 is fairly obvious even there are multiple UEs in one macro cell.
· Coordination of the UE and the eNB
In solution 1, it is the UE to decide how much measurement should be made, however, the UE does not know what exact mobility state it is in and how many small cells existing around itself, hence it is difficult for the UE to make sure how many gaps it should take to measure and how many it should skip. The UE will autonomously skip some gaps but the eNB does not know the exact gaps skipped by the UE, thus the eNB cannot take the skipped gaps in scheduling. In other words, though the UE does not use some gaps for measuring these gaps still bring interruptions to the serving cell. 
In contrast, it is the eNB to decide how much measurement the UE should perform in the solution 2. Since the eNB fairly knows the mobility state of the UE and the small cell density in the proximity of the UE, therefore the eNB can easily decide how often and for how long the UE should perform measurements and ensure interruptions on the serving cell(s) and UE power consumption to be minimised at the same time.
· MGL
Currently, 6ms MGL is defined with at least 5ms used for measurement, leaving less than 1 ms for RF tuning. In [1], it is proposed to reduce MGL to facilitate single chip RF-IC implementation etc. There are several issues to be discussed:

· Potential miss detect the PSS/SSS signal

Current 6ms MGL insures that PSS/SSS signal can be captured within gap. Reducing MGL may cause UE to miss the PSS/SSS signal. There are several solutions of this problem. One solution is that all the frequency carriers are perfect synchronised.  In this case, short MGL is easier to implement and PSS/SSS miss problem can be solved. In addition, FeICIC, CoMP, etc. will benefit from synchronised network. 

· Retuning time and measurement efficiency to the network

Current gap has at least 5 ms useful measurement duration while less than 1 ms RF tuning time. During RF retuning, UE can not send or receive any signals. The efficiency is about 5/6=83.3% for legacy MGL. Short MGL may not reduce retuning time. 6 ms MGL and 3 ms MGL may have the same retuning time, since two RF retuning times are needed for every gap. Therefore, short MGL will further reduce measurement efficiency. A longer MGL can be used to handle several tasks in the same time.

· Improve network performances

Short MGL is useful to reduced total gap length when measurement task is not heavy. Therefore UE can have more time working on serving cell.
· Network controlled PCell/SCell interruption  / Measurement at both PCell and SCell
Measurement on SCC when the SCell is deactivated may cause PCell interruptions due to RF retuning as shown in figure 2.  

For 2CA, the PCell interruptions due to measurements on SCC when the SCell is deactivated may up to 0.5%. For 3CA, the interruptions may up to 1%.  For future 4 or more CA scenarios, the interruption may too great to afford.
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Figure 2: interruption to PCC and SCC due to measurement on deactivated SCC
One solution is use gap like pattern to align all the measurement on the deactivated SCCs as shown in figure 3. 
· Option 1: Network controlled gap like pattern to align measurement on deactivated SCCs 

· New signalling enable Network configure measurement on deactivated SCCs
· Similar as gap, the interruption cause by RF retuning can be anticipated by the Network.

· limit the UE implementation flexibility 
· Option2: Tighten requirements and leave gap enhancements to UE implementation
It is noted that such network controlled interruption can limit the UE implementation flexibility. There may be other UE implementations can also solve this issue. Another solution is to simply require the ACK/NACK losses for 3 or More DL CA to be within certain value. This method will solve the problem without standard impact. 

· No new signalling. Tighten requirements for 3 or More DL CA.
· The interruption cause by measurement on deactivate SCC can Not be anticipated by the Network
· Some UE implementation may not enable power saving e.g. always awake.
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Figure 3: gap like pattern to align measurement on deactivated SCCs
UE with carrier aggregation capability may perform inter-frequency/inter-RAT measurement simultaneously. In the current standard, UE capable of conducting such measurements without gaps (additional RF link rather than single chip RF-IC) may also perform inter-frequency/inter-RAT measurement simultaneously to reduce measurement time consumption.  
3 Conclusion
This contribution discusses on possible solutions to gap enhancements.

Proposal: The following gap enhancement solution can be considered in the SI (not limited to): 

· Reuse legacy gap pattern with periodical gap suspension

· Gap like pattern to align measurement on deactivated SCCs 
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