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1. Introduction

This document follows up on the issues raised in [1], related to the indication of the need for measurement gaps for a UE operating in carrier aggregation.
2. Discussion

2.1. An example
As an example to show the issue, suppose that only two CA scenarios are supported (in the list maintained by RAN4), using three bands X, Y, and Z.

1. X(20 MHz)+Y(20 MHz)

2. X(20 MHz)+Y(20 MHz)+Z(20 MHz)

Consider a UE that supports both of these scenarios—most likely a 3-receiver device, with (at least) band X supported on receiver 1, band Y on receiver 2, and band Z on receiver 3.

Now suppose that this UE is configured in scenario 1.  It seems safe for the network to assume that the UE can measure band Z without gaps (since it indicates support of scenario 2).  However, for measurements of an additional band W that is not included in any CA scenario, or for intra-band measurements on X or Y, it is not clear if the network can know whether the UE requires gaps.

For the inter-band case (measuring on band W), there is a possible heuristic for the network to determine the answer based on the existing signalling (interFreqNeedForGaps).  The network might assume that:

· if the UE can measure X->W without gaps; and
· if it can measure Y->W without gaps;

· then W must be on the same receiver as Z, so still no gap is needed.

However, this assumption is somewhat risky.  For instance, band W could actually be supported on both receiver 1 and receiver 2, so that it could be measured without gaps as long as only one of the two is in use.  A similar concern would exist in the intra-band case; if the UE can perform intra-band measurements on X (when not in CA) without gaps, does this indicate that band X is also supported on receiver 2 (hence in “conflict” with Y), or on receiver 3, or that gapless measurement is supported with a single receive chain by some more sophisticated implementation?

In general, these issues seem to require some form of extra signalling if the UE’s need for gaps is to be captured accurately.  As discussed at RAN2#72, it seems that the alternative would be essentially to require gaps for all inter-frequency measurements in CA.

Proposal 1: RAN2 should agree to adopt some solution beyond the existing signalling for the indication of the need for measurement gaps in carrier aggregation.
2.2. Potential solutions

It appears that there are three basic approaches to the problem described:
1) Have the network make assumptions about what the UE can support, based on the information that is currently signalled (and document those assumptions clearly in the spec, so that the UE can determine what to signal in order to avoid being given an impossible measurement configuration).

2) Signal more information in the UE capability, e.g., a table of gap requirements for all the CA scenarios as well as the current InterFreqNeedForGaps matrix.

3) Have the UE give some kind of indication relative to the current configuration instead of a static capability.

The first option seems difficult to specify clearly; either the network’s assumptions would need to be very conservative or considerable specification effort would be required to make sure that its decisions were accurate.  We consider this option to be a bit unrealistic given the Rel-10 time frame.

The second option, in which more information is signalled as part of the UE capability, is straightforward to implement; however, it could result in an explosion of signalling over time as more CA scenarios are added.  If an acceptably compact signalling format can be designed, it seems like an attractive solution.

The third option is flexible and accurate, but would add a step to many reconfiguration procedures, since the network can configure the measurement gaps only after the initial CA configuration is provided.  However, it may be possible for the network to make an intelligent guess in the first reconfiguration message, so that the response and reconfiguration of measurement gaps would be needed only in a subset of cases.

Proposal 2: RAN2 should discuss the alternative approaches and decide on a way forward.
2.3. Per-carrier vs. common gaps

If gaps are allocated on a per-carrier basis rather than being common to all active carriers, then some additional possibilities become open for addressing this issue.  As one example, inter-frequency intra-band measurements could be assumed always to require gaps on carriers of the concerned band only; i.e., a UE active on bands X and Y, and assigned to measure on band X, would be given measurement gaps for the active carrier(s) of band X, with the carrier(s) of band Y continuing uninterrupted.

This approach is somewhat conservative, in that it does not address inter-band cases (for which the options above could all still be open) and will sometimes allocate unnecessary gaps (e.g., if a UE has hardware capability for intra-band CA, it might well be able to measure the concerned band without gaps).  However, it reduces the impact of gaps to UE data throughput—the degree of reduction obviously depends on the scenario and the pattern of user data activity.

We suggest that the method of indicating gap requirements is not by itself a strong reason to take a decision on per-carrier vs. common measurement gaps.  We thus suggest
Proposal 3: The decision on per-carrier or common measurement gaps should be taken separately from the discussion of capability signalling.

If the group decide to have per-carrier gaps, signalling approaches of the sort described here could be considered.
3. Conclusion

Proposal 1: RAN2 should agree to adopt some solution beyond the existing signalling for the indication of the need for measurement gaps in carrier aggregation.

Assuming this proposal is agreeable, this paper identified the following three avenues towards a solution:
1) Have the network make assumptions about what the UE can support, based on the information that is currently signalled (and document those assumptions clearly in the spec, so that the UE can determine what to signal in order to avoid being given an impossible measurement configuration.

2) Signal more information in the UE capability, e.g., a table of gap requirements for all the CA scenarios as well as the current InterFreqNeedForGaps matrix.

3) Have the UE give some kind of indication relative to the current configuration instead of a static capability.

Proposal 2: RAN2 should discuss the alternative approaches and decide on a way forward.

Proposal 3: The decision on per-carrier or common measurement gaps should be taken separately from the discussion of capability signalling.
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