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1. Introduction

This document discusses whether any changes to the current scheme for indicating the UE’s need for measurement gaps are necessary in carrier-aggregation cases.
2. Discussion

2.1. The Rel-8 situation

The Rel-8 method of indicating the need for measurement gaps as part of the UE capability already has a theoretical limitation: In case some band is supported by more than one receive chain
, there is an ambiguity as to when measurement gaps should be needed if that band is involved.  For an example, consider the notional UE of Figure 1.
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Figure 1: An ambiguous situation in a UE with two receive chains

If the UE of the figure is active on band C, it could be using either of its two receivers, and which bands require measurement gaps depends on which receiver is in use.  This UE could take several approaches to the Rel-8 signalling:

1) indicate that gaps are always needed when band C is involved (a simple but pessimistic assumption that guarantees that measurements will always be possible);

2)  indicate that gaps are never needed (assuming that it will switch band C dynamically between receivers as necessary depending on the measurement configuration);

3) attempt to choose a “good” assignment of hardware to this band, based on the other bands that are in use on the serving system, and signal the gap requirements for a particular receiver based on that allocation (which must be static for the lifetime of the UE capability).
2.2. Issues in CA cases

With a single carrier, the limitation described for the Rel-8 signalling seems acceptable; the UE has the three alternative approaches listed, all of which “work” in some reasonable sense.  However, in a multicarrier case, the alternatives have some problems:

· Indication of gaps as always being needed causes more loss of throughput than in the single-user case, especially in case measurement gaps would be determined to be common to all carriers.

· An indication that gaps are never needed for a certain band is unlikely to be correct; in the example of Figure 1, even if band C is moved dynamically between the two receivers, as soon as a second carrier becomes active there will still be a need for measurement gaps.

· Determination of an intelligent allocation of bands to receivers becomes more complex for the UE in case multiple carriers are considered, and undercuts the flexibility of having more than one receiver able to handle certain bands.

These issues probably eliminate alternative 2 for CA cases.  Alternative 3 would still be possible in principle, but it clearly would not be mandatory for the UE and might be impractical for implementation; it thus seems likely that the system would be dominated by the pessimistic alternative 1.

Observation: A likely approach in practice to allocating measurement gaps in CA is the general principle that gaps are needed whenever the measured band shares a receiver with any serving band, even if other receivers could handle the measurement.
This behaviour does not “break” the system, but it would impair data throughput unnecessarily.  It may therefore be worthwhile to consider alternatives.

If improvements are deemed necessary, it would obviously be important to avoid complexity.  The most conceptually straightfoward approach is to expand the UE capability signalling to account for combinations of bands; however, this extension would cause something of an explosion in the size of the signalling, while still leaving some cases unclear (e.g., the example UE of Figure 1 may well have different requirements for gaps depending on whether it is receiving one or two carriers within Band C; so what should it signal to indicate the need for gaps where Band C is involved?).
Another simple alternative would be for the UE to indicate its need for gaps at each change of CA configuration.  This approach has low signallng impact (only one bit per supported band needs to be signalled), and if the indication is included in the RRCConnectionReconfigurationComplete message it does not introduce additional roundtrips over the air; however, it may have some impact on network implementations, and the question of whether to apply the change as well to UEs not in CA would need to be considered.

Finally, it might be possible to codify the “optimistic” behaviour (alternative 3 in Section 3.1 above).  If it can always be assumed that the UE will reassign resources flexibly to minimise the need for measurement gaps, then an approach could be taken in which the UE indicates the grouping of bands according to its receiver structure, and the network determines based on the UE’s current allocation if there is any way to map the active bands and measured band onto the receivers in a way that allows measurement without a gap.  This alternative is flexible but somewhat complex for both the network and the UE; however, it may be worth considering if the impact of excessive measurement gaps on user throughput is considered to be a severe problem.

To summarise, the available alternatives seem to be as follows:

	
	Pro
	Con

	A. Maintain current signalling
	No specification impact
	Excessive measurement gaps applied, even when measurement without a gap would be possible

	B. Expand capability signalling to cover all combinations of bands
	Maintains current capability model
	Signalling size for UEs supporting many bands; does not cover some cases of mixed inter- and intra-band CA accurately

	C. Indicate need for gaps after reconfigurations
	Good accuracy and avoidance of unnecessary gaps; low signalling overhead
	Change to current model with need for gaps in UE capability

	D. Specify UE reallocation of resources to minimise need for gaps
	Minimises gaps by definition
	Requires new signalling, higher complexity for UE and network


Figure 2: Convenient table of pros and cons
Proposal: RAN2 should discuss whether more flexibility in signalling measurement gaps is necessary for CA, and if so, discuss and determine an appropriate solution.

3. Conclusion

The analysis of this paper raises the following issue:
Observation: A likely approach to allocating measurement gaps in CA is the general principle that gaps are needed whenever the measured band shares a receiver with any serving band, even if other receivers could handle the measurement.

We suggest that RAN2 consider the issue and settle on a way forward.

Proposal: RAN2 should discuss whether more flexibility in signalling measurement gaps is necessary for CA, and if so, discuss and determine an appropriate solution.














































































































































� Throughout this contribution, a “single” receiver or receive chainn should be understood to refer to the hardware required for a UE to listen to a single LTE carrier.  Generally this has by itself been considered a “dual receiver” device; however, we don’t seem to have a good term for referring to a UE with multiple instances of this dual-receiver chain.






