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1 Introduction

In [1] [2], the gap related issues were discussed. It is still unsolved and unclear what is the meaning of the existing Rel-8/9 UE capability signalling for a CA capable UE and how to signal the need for gaps in Rel-10. In this contribution, we share our opinion for further discussion.
2 Discussion
2.1 Rel-8/9 UE capabilities for UEs supporting CA
In Rel-8/9 UE measurement capability, for each supported band, the UE indicates whether it needs gaps when operating on a carrier on this band to measure another carrier, depending on the band this other carrier belongs to. For example, if UE supports three bands, then the measurement capability is indicated by UE as the following table:
Table 1: Need for gap in UE capability in Rel-8/9
	Need for gap
	Band A

(measured cell)
	Band B

(measured cell)
	Band C

(measured cell)

	Band A(serving cell)
	y/n
	y/n
	y/n

	Band B(serving cell)
	y/n
	y/n
	y/n

	Band C(serving cell)
	y/n
	y/n
	y/n

	….
	y/n
	y/n
	y/n


In Rel-8/9, the meaning of the need for gaps indicated in the UE capability signalling is clear since the UE always has only one serving cell on the serving band. A UE supporting CA will provide the legacy measParameters field since it may access a Rel-8/9 network. 
What is the meaning of the need for gap indicated in Rel-8/9 UE capability in the case when CA is configured?

Let us consider the case when all serving cells belong to the same band and a UE RF design and the inter frequency measurement as illustrated in the figure below. In this case, the UE may perform inter-freq neighbour cell measurement without gaps on band A when carrier aggregation is not configured, but gaps are needed if the UE has two aggregated 20MHz-width serving cells with same band.
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Figure 1: Inter frequency measurements for a CA-capable UE
If the "need for gaps" indication in the Rel-8/9 UE capability is used regardless there is only one or several serving cells configured in the same band, the UE will indicate that gaps are needed, and in the case when only one cell is configured, the network will create gaps unnecessarily.

In order to avoid such a waste of network resources, we suggest:
Proposal 1: The measParameters field in current Rel-8/9 UE capabilities only indicates the need for gaps when there is only one serving cell. 
2.2 Rel-10 capability signalling (multiple serving cells)
When there are multiple serving cells, the need for gaps varies with the number of serving cells, which band the serving cells belong to, and the UE implementation (RF chain allocation for serving cells). The measurement capability becomes a more complicated issue. Based on [1] and further consideration, there are the following alternatives for CA measurement capability (i.e. the need for gap):
· Alt1: The eNB derives the need for gaps from the UE CA capability.
In Rel-10, the UE capability will indicate the details of how the UE can aggregate carriers.  When the eNB configures measurements for a frequency from which, according to UE capability, if one cell could be added as a serving cell without removing any serving cell, no gap is needed for measuring the frequency of the cell. Therefore, the eNB can derive the need for gap from the CA capability (as the example shown in the figure 2). This alternative is simple and there is no specification impact. 
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Figure 2 deriving the need for gap based on the CA capability
The derivation of the measurement capability is rather conservative: it is possible that one cell can not be added as a serving cell although it could be measured without gaps, i.e. the eNB may provide gaps in cases where they could be avoided. For inter-RAT measurements, this method cannot provide any information, so the eNB can only assume the gap is always needed for inter-RAT measurement if more than one serving cells are configured. 
In summary, Alt1 is simple and better than always providing gaps, but gaps may be unnecessarily provided for inter-frequency measurements and inter-RAT measurements in certain cases.
· Alt2:  The UE indicates the need for gaps to measure inter-frequency cells of each supported band for each supported CA configuration.
In a similar manner to the Rel-8/9 measParameters, as shown in the table 2, a new measurement parameter IE (e.g. measParameters-rel10) is adopted, which indicates whether gaps are needed for inter-frequency measurements in each supported band when the UE is operating on a combination of bands (i.e. an aggregated serving cells).
Table 2 Extended need for gap in measurement capability in Rel-10

	Need for gap

	Band A

(measured cell)
	Band B (measured cell)
	Band C
(measured cell)

	Two contiguous serving cells on Band A 
	y/n
	y/n
	y/n

	Two non-contiguous serving cells on Band A
	y/n
	y/n
	y/n

	One serving cell on Band A and one serving cell on Band B
	y/n
	y/n
	y/n

	One serving cell on Band A and one serving cell on Band C
	y/n
	y/n
	y/n

	One serving cell on Band B and one serving cell on Band C
	y/n
	y/n
	y/n

	….
	y/n
	y/n
	y/n


The easiest IE design to provide fully complete information is to indicate the need for gaps to measure inter-frequency cells in each supported band for each UE configuration made of any number n<N of serving cells of supported bands where N is the maximum number of simultaneous serving cells supported. For example, if the UE supports 10 bands and can aggregate up to 3 carriers, in theory there are 275 combinations with more than 1 carrier not considering the details of CA capability, so this requires 2750 bits 
It is possible to restrict the signalling using the supported CA band information, e.g. by indicating for each subset of each CA band whether gaps are needed to measure inter-frequency cells depending on the band they belong to. If the UE in the example above can aggregate 3 carriers in band A and B, whether inter- or intra-band, and the same in bands C and D, but no other combination is supported, then there are 7 combinations for bands A and B , and the same for bands C and D, so 140 bits are sufficient.

While such an approach seems feasible, whichever IE design is used, the new IE size is significant and there is some complexity in the IE format (need to order combinations) so that it is more likely than in Rel-8/9 that a UE implementation erroneously indicates that it does not need gap in a case where it does thus making measurements not possible and it may be difficult to discover the exact problem.
· Alt3: The UE indicates its RF chain number and supported bands of each RF chain. The eNB derives the need of gap from the above referred information.
With Alt3, the eNB can derive the need for gaps according to the information of UE RF chains and minimization principle. There is some complexity for the UE and the network in this approach. Also, indicating detailed UE implementation aspects is not the preferred approached in 3GPP.
· Alt4: The UE reports the need for gap for each supported band depending on the current serving cell configuration
With Alt4, the UE indicates the need of gap for each supported band based on the current serving cell configuration. So the UE may update the need for gap information at handover, Scell addition and Scell removal dynamically with the procedure as shown in figure 3. 
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Figure 3: UE feedback the need for gap for each supported band
The ASN.1 of the signalling would like as following.  The accuracy is very good since it is indirectly decided by UE. But it changes current model with need for gaps in UE capability, the signalling overhead may be serious especially in case of frequent condition change, and about 15-20ms delay may be caused for gap configuration.
MeasureParameter-Rel10 ::=




SEQUENCE {


interFreqBandList




InterFreqBandList,

}

InterFreqBandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=



SEQUENCE {


interFreqNeedForGaps



BOOLEAN

}

· Alt5: The UE indicates the need for gaps for all configured measurements depending on the current measurement and serving cell configuration.
Because the UE also know which frequencies need to be measured, it seem no need to indicate the need of gap for each band as the Alt4, instead, the UE can directly feedback whether gap is need based on its capability and the measured frequencies. The ASN.1 of the signalling would like as following, only one bit is needed. The gap which could be pre-configured can be applied as soon as the eNB receiving the feedback from the UE.


interFreqNeedForGaps-Rel10


BOOLEAN

Comparing with the Alt4, the advantages of Alt5 are: lower overhead, simpler procedure, lower gap configuration delay, more UE flexibility, and lower complexity for the network. However, it also changes current gap model. 
From the above analysis, we think that the best candidates are Alt1 or Alt5. Alt1 is possible without any change to the existing signalling, but we consider Alt5 to be simple and provide real benefits

Proposal 2:  The UE indicates the need for gaps for all configured measurements depending on the current measurement and serving cell configuration.
3 Conclusion

This paper analyzes the gap related issue, and we suggest RAN2 adopt the following suggestions:

Proposal 1: The measParameters field in current Rel-8/9 UE capabilities only indicates the need for gaps when there is only one serving cell.
Proposal 2: The UE indicates the need for gaps for all configured measurements depending on the current measurement and serving cell configuration.
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