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1 Introduction
In Rel-8/9, measurement gap is mainly introduced for UE to perform inter-frequency and inter-RAT measurement. However, in Rel-10 with carrier aggregation, UE might potentially have more complicated receiver architecture, which makes it difficult to discuss how the gap can optimally work. In this contribution, we would like to handle this issue based on what we have in Rel-8 and see whether we need any enhancement or not, focusing first on intra-LTE measurement.
2 Discussion
2.1 Measurement gap: UE specific or CC specific?
In the last meeting, two alternatives were mentioned for modeling measurement gap, which are

· Alt1: UE specific gap

· Alt2: CC specific gap
Intuitively, Alt 2 arises from the fact that, for a CA UE aggregating multiple CCs, it might not necessarily always interrupt all CCs’ transmission to take measurement on another frequency. If this is allowed, then transmission on some CCs will not be affected and it seems that better user experience can be achieved. However, for Alt2 there are some aspects which need further consideration.
Firstly, the question is whether significant gain can be achieved. Even for Alt 1, when eNB configures UE specific measurement gap, UE’s QoS is still guaranteed. Taking this as the baseline, then the benefit of not interrupting transmission only on part of CCs in Alt 2 seems rather trivial.
Secondly, CC specific gap can only happen in the case when UE has an inter-band aggregation on multiple receivers. Otherwise, in the case of intra-band aggregation on a single receiver, all working CCs can only be turned on or off together due to the receiver restriction. 
Thirdly, CC specific gap will introduce more specification work. For example, when network configures gap, it needs to indicate to which CC(s) this gap is allocated. 
Taking above uncertain benefit and complexity issues of Alt 2 into account, we would prefer Alt 1 as the simple solution in Rel-10.

Proposal 1: adopt UE specific measurement gap in Rel-10.

2.2 Whether legacy measurement gap capability signaling can work well under CA?
In Rel-8/9, gap capability is addressed on a per-band basis. UE will indicate the network a matrix, each element of which represents whether gap is needed between the two bands of consideration. Note that, in providing the gap capability, UE makes its receiver architecture invisible to the network. However, this does not mean that gap capability is not related with the receiver implementation. In what follows, we will discuss this issue in Rel-10 based on a few different working assumptions on UE’s receiver architecture. 
· Case 1: one receiver <-> one band
This working assumption is illustrated as Figure 1, i.e., each receiver can only support one band and each band can only work on one receiver. Whether measurement gap is need or not between two bands, say, Band A and Band B, depends on whether their corresponding two receivers can be turned on simultaneously without causing too much interference to each other.

[image: image1.emf]Receiver 1

Band A

Receiver 2

Band B

. . .


Figure 1

If gap capability indication is handled as Rel-8/9, then eNB will get knowledge of each band’s multiple capability bits with each corresponding to a different band. In case of intra-band aggregation, network will treat UE the same way like in Rel-8/9 when determining whether to allocate measurement gap, since UE only works on one band. While in case of inter-band (e.g. 2 bands in Rel-10) aggregation, when eNB intends to take measurement on some frequencies of a target band, it will take the gap capability bits of both working bands into account when deciding whether to have gap. For example, if both bits indicate no need of gap, then no gap is configured by eNB. Otherwise, if any one of these two bits indicates the need of gap, eNB would be expected to configure the gap to UE to enable inter-frequency measurement.
Observation 1: in case 1, legacy gap capability signaling can work well in Rel-10. For inter-band aggregation, some rule of whether gap is configured needs to be clarified, i.e., if any working band indicates the need of gap, eNB is expected to configure the gap.
· Case 2: one receiver -> multiple band

For case 2, it can be further divided into two sub-cases as
· Case 2a: (one receiver -> multiple band) & (one receiver <- one band)
Case 2a is illustrated as figure 2. It means that one band can work only on one receiver, but some receiver (e.g. receiver 1 or receiver 2) can support multiple bands separately, but not simultaneously. Whether measurement gap is need or not between two bands depends on whether their corresponding two receivers can be turned on simultaneously (like Band A and Band C), or whether they share the same receiver (like Band A and Band B). Actually, with legacy gap capability indication, eNB can handle the gap in case 2a the same way as case 1. 
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Figure 2

Observation 2: in case 2a, legacy gap capability signaling can work well in Rel-10. For inter-band aggregation, some rule of whether gap is configured needs to be clarified, i.e., if any working band indicates the need of gap, eNB is expected to configure the gap.
· Case 2b: (one receiver -> multiple band) & (multiple receiver <- some band)
Case 2b is introduced in [1] and its figure is referenced as below. In case 2b, some receiver can support multiple bands separately. Meanwhile, some band also has multiple receivers as choices to work with. Among all, this case represents the most flexible UE implementation. However, due to UE’s capability of switching some working band (e.g. Band C in figure 3) between different receivers, it also renders network’s difficulty in judging the gap need with legacy gap capability signaling. For example, if UE indicates that when measuring Band C, neither Band A or Band D needs the gap, when UE aggregates both Band A and Band D, network would unexpectedly not configure gap for Band C measurement. To solve the problem in this case, certain enhancement might be needed [1]. Solutions are currently proposed in the following two ways.
Solution 1: extending the UE gap capability indication to incorporate band combination scenarios in Rel-10;

Solution 2: UE feedbacks the need of gap to eNB based on current working conditions;

Comparing these two solutions, solution 2 is more dynamic but introduces a new procedure which might involve some interactivity between eNB and UE. Solution 1 keeps the legacy modeling for gap configuration. However, the overhead of increased signaling needs careful study. At this stage, we have a slight preference on solution 1.
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Figure 3

Observation 3: in case 2b, legacy gap capability signaling can not work well in Rel-10. 

In summary, in both case 1 and case 2a, legacy gap capability signaling can work well in Rel-10. For case 2b, it indeed introduces more flexibility, but whether such flexibility is expected or realistic in Rel-10 needs further study. For example, it seems sufficient to have one receiver support one band, then what is the real benefit and whether it means more receiver design complexity by having multiple supporting receiver? If RAN2 can not decide it, maybe RAN4 needs to be consulted. 
Proposal 2: RAN2 is proposed to discuss measurement gap based on the above three cases and decide whether considering case 2b and any enhancement in Rel-10. 
Proposal 3: If case 2b is excluded in Rel-10, legacy measurement gap capability signaling can work well under CA.
3 Conclusions
In this contribution, we discuss the measurement gap issue in Rel-10 and propose that

Proposal 1: adopt UE specific measurement gap in Rel-10.

Proposal 2: RAN2 is proposed to discuss measurement gap based on the above three cases and decide whether considering case 2b and any enhancement in Rel-10. 
Proposal 3: If case 2b is excluded in Rel-10, legacy measurement gap capability signaling can work well under CA.
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