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1. Introduction
In the last meeting, the handling of measurement gaps was being brought up by [1]. Based on the discussion, the following questions need to be further discussed:

a. Is it possible to extend the current measurement gap signalling to CA?

b. Whether the need of measurement gaps affects all the serving frequencies or just a subset? 
In this contribution, we attempt to answer the above questions and proposed a way forward.
2. Discussion
2.1 Is it possible to extend the current measurement gap signalling to CA?
2.1.1 Rel-8/9 measurement gaps signalling
In Rel-8/9, the signalling of the measurement gaps is on a per band basis. Depending on the UE’s RF architecture, the UE signals whether a band requires measurement gaps when performing measurement on other carrier frequencies in its own band and in other bands. The UE provides it measurement gaps capability for every band that it supports. For examples with 2 receivers as follows:
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Example 1: 
(i) If Band A or B is active, the UE will signal to the eNB that Bands A and B (different carrier frequency to the serving frequency; inter-frequency) needs measurement gaps while Bands C and D do not.
(ii) If Band C or D is active, the UE will signal to the eNB that Bands C and D (different carrier frequency to the serving frequency; inter-frequency) needs measurement gaps while Bands A and B do not.

Example 2: 
(i) If Band B is active in Receiver 1, the UE will signal to the eNB that Band A needs measurement gaps while Bands B and C does not. It may also indicate that Band A does not need measurement gaps if it can switch Band B from Receiver 1 to 2 (as in (b) of [1]).

(ii) If Band A is active, the UE will signal to the eNB that Band B and C do not need measurement gaps.

(iii) If Band C is active, the UE will signal to the eNB that Band A and B do not need measurement gaps.  

The reason this signalling mechanism works for Rel8/9 is because there is only 1 serving frequency/band at any one time. Hence, the need of measurement gaps for inter-frequency or inter-RAT measurement will be relative to the band of the current serving frequency.
Observation#1: In Rel-8/9, the need of measurement gap indication for a particular band/ is relative to the band of the serving frequency. 
2.1.2 Extension of the Rel-8/9 signalling to CA

For CA, there is the possibility that there may be multiple serving frequencies and it is not known which band combination will become active when the UE is in RRC Connected state and hence be able to provide the most optimal band allocation at the UE. Furthermore, it is also possible for intra-band contiguous CC to use the same receiver. Before going into details, the first thing that we need to ask is whether the Rel-8/9 mechanism still works:

Assuming that the UE can support up to 2 SCells:

Example A: Based on Example 1
If (Bands B and C/D) or (Bands A and C/D) is configured, the eNB can derive from (i) and (ii) in Example 1 that performing measurements in Band A and D will require measurement gap. For the intra-band contiguous CC case (e.g. 2 Band B CCs use the same receiver etc.), it is the same as only the band of concern is configured.
Example B: Based on Example 2
If (Band B and C) or (Band A and C) or (Band B and A) is configured, the eNB is not able to derive from (i) – (iii) in Example 2 whether measurement gaps are needed as it seems from the band of the serving frequency perspective that measurement gaps are never needed. For the intra-band contiguous CC case for Band A and C, it is the same as only the band of concern is configured. For Band B, the UE can choose whether to use the same receiver, if it can, then measurement gaps are not needed when making measurement for Band A, B and C. If it can’t, measurement gaps are then needed when making measurement for Band A, B and C.
From Example B, the Rel-8/9 signalling mechanism for indicating the need of measurement gap is not sufficient for carrier aggregation. The combinations of bands are needed. Furthermore, it may also need to indicate whether a band can handle contiguous CC.
Observation#2: Rel-8/9 measurement gap signalling is sufficient if each band is only supported by 1 receiver. 

Observation#3: If some bands are supported by more than 1 receiver, Rel-8/9 signalling mechanism is not sufficient. The need of measurement gap may need to be provided on Band combinations of serving frequencies rather than on an individual band of the serving frequency. Also the need of indicating of whether a receiver related to a band can handle contiguous CC.
Hence the current signalling mechanism is not sufficient for the indicating the need of measurement gap in the CA case. The next question is whether it is possible to extend the current signalling mechanism to include combination of bands and whether a receiver related to a band can handle contiguous CC. If some bands are supported by more than 1 receiver, the ambiguity may be resolved if it can include all the serving band combinations which is a function of the number of supported SCells and the bands supported by the UE (i.e. other than the supportedBandListEUTRA and their need of measurement gaps through BandListEUTRA), it needs to also indicate the supported band combinations and their corresponding need of measurement gaps for the CA case. The amount of combinations to consider can be insurmountable if the number of bands and SCells the UE supported becomes large. If n is the number of bands and x is the number of SCells UE supported, then the number of combinations = n^1+ n^2+…+n^x.

For n=2 and x=5, the total combinations are 62.

For n=5 and x=5, the total combinations are 3905.

However some of these combinations are repeated. A simple example of n=2 (say Band A and B) and x=2, the combinations include AA, BB, AB and BA. AB and BA provide the same measurement gap capability. Further optimisation on the amount signalling is possible (e.g. only signal those band combinations that are aggregate-able based on regional bands etc.). However, the list may still be quite large.

Instead of signalling all these combinations with its list of measurement gap capability of each supported band to the eNB, the UE can maintain this information internally and only tell the eNB when measurement gaps are needed for a particularly measurement configuration.  However this is a change of model for the eNB as it cannot make a decision at the point when a measurement is configured since the eNB does not know whether measurement gaps are needed or not. It can only decide after the UE tells the eNB. As a result, a further reconfiguration message may be needed every time a new measurement configuration (intra-LTE or inter-RAT) is added, a SCell is added/released or after a handover and re-establishment to setup measurement gaps and thus results in further signalling overhead.   However, this may be a good compromise if the extending the UE capability is not possible.
Proposal#1: If the signalling of the different band combinations cannot be optimised to reduce the size of the list of the need of measurement gap indication, it may be preferable that the need of measurement gaps for each configured measurement is provided in the response of a reconfiguration message. The eNB can base on the response to setup/release measurement gaps.
2.2 Whether the measurement gaps should affect all the serving frequencies or just a subset?
From a Rel-8/9 behaviour, measurement gaps will be applied to the UE and thus all the serving frequencies/(SCells + PCell) in the CA scenario will be affected by the measurement gaps. This is probably unnecessary since only 1 UE receiver needs to apply measurement gaps and only those SCells related to the UE receiver used for measurement gap handling will be affected. With the feedback mechanism suggested in Proposal#1, the UE can provide the SCells that may be affected by the measurement to the eNB at that point and the eNB can use this information to know which SCell scheduling is affected by the measurement gaps.
Hence it is proposed that:  

Proposal#2: The measurement gap handling should be per SCell for Rel-10 timeframe.
3. Conclusion

It is requested that RAN 2 agrees on the following proposals:
Proposal#1: If the signalling of the different band combinations cannot be optimised to reduce the size of the list of the need of measurement gap indication, it may be preferable that the need of measurement gaps for each configured measurement is provided in the response of a reconfiguration message. The eNB can base on the response to setup/release measurement gaps.
Proposal#2: The measurement gap handling should be per SCell for Rel-10 timeframe.
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