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1
Introduction
RAN4 has recently approved the first 2DL + 2UL CA band combinations to TS 36.101 [1]. This contribution tries to clarify how the UE capability indications for such a case should be handled to ensure the RRC specifications [2] are clear for the UL CA capability indications. 
2
Indicating UL CA capabilities 

2.1
Band combination signalling

To recap (once more) the basic Rel-10 CA band combination signalling: UE indicates its supported band combinations as follows:
1. The list of supported band combinations (SupportedBandCombination-r10) contains the N band combination entries that describe the UE’s CA band combinations.(It may also include band combinations with a single band entry, i.e. the non-CA band combinations.)
2. Each band combination entry indicates the parameter sets (BandCombinationParameters-r10) for each of the (maximum 5) bands that are combined together by the entry.

3. Each parameter set contains three (sets of) parameters: The frequency band indicator (FreqBandIndicator) and the set of UL/DL parameters (in BandParametersUL/DL-r10) for the band.

4. The set of UL/DL parameters indicate, for each supported CA bandwidth class for in the band combination entry, the CA BW class and the UL/DL MIMO parameters. (I.e. there may be parameters for more than one supported bandwidth class in a single set of UL/DL parameters.)
From this structure for the basic CA capabilities, we observe the following:
Observation 1: A UE may indicate support for multiple bandwidth classes in a single band combination entry.

For example, UE may indicate support of both BW class “A” and BW class “C” in the same band combination entry.

Observation 2: When UE indicates a band combination entry, it shall support all possible UL+DL combinations within the entry.

Again, this means that if the UE should indicate support for class “A” and “C” UL and class “A” and “C” DL in the same band combination entry, then it will support a configuration with any combinations of these bandwidth classes for UL and DL (e.g. “C” for UL and DL, or “A” for UL and “C” for DL) with all the indicated bandwidth combination sets.

2.2
2UL band combinations for intra-band cases
To assess the 2UL intra-band combinations, we will consider an example: Let us assume UE supports (only) the frequency band 40, and supports all allowed combinations 40A/C for DL and 40A/C for UL (note that the combination 40C/40C is already supported in the current TS 36.101, Table 5.6A.1-1). This means that the UE supports the following band combinations for band 40:

1) 1UL + 1DL (i.e. non-CA operation)

2) 1UL + 2DL (i.e. intra-band CA for DL)
3) 2UL + 2DL (i.e. intra-band CA for both UL and DL at the same time) 
NOTE: The combination 2UL + 1DL is not allowed since there should always be at least as many DL carriers than UL carriers.

Question: According to the previous observations, UE can combine some of these cases into one. Is that always allowed, or does the UE always indicate each of the cases 1)-3) in separate band combination entries?

According to our understanding, it is possible that UE is allowed to do both of the following: 

a) Include a band combination entry (i.e. BandCombinationParameters-r10) that contains ONLY the UL CA configuration for case 3). 

a. This means that the bandwidth classes inside the band combination entries that UE indicates will be as follows:

i. Band 40: DL “A”, UL” A” (case 1), 
ii. Band 40: DL “C”, UL ”A” (case 2) 
iii. Band 40: DL “C”, UL ”C” (case 3). 
b) Add the UL class “C” to the band combination entry for case 2)

a. This means that the entry for 2) will contain parameters also for case 3), i.e. the bandwidth classes inside the band combination entries that UE indicates will be as follows:

i. Band 40: DL “A”, UL” A” (case 1), 

ii. Band 40: DL “C”, UL: “A” & UL “C” (case 2 & 3)
However, if UE supports e.g. “C” and “D”, and the bandwidth combination sets are different for those, the UE would not be able to use the option b) efficiently since the bandwidth combination sets are defined separately and the signalling indicates that they apply for all combinations inside the band combination entry. Hence, in such cases, UE would likely use option a). 

Hence, we would like to confirm whether both cases are indeed possible according to RAN2 CA capability signalling.

Proposal 1: RAN2 to discuss whether both case a) and b) are allowed for the UE having the same RF capabilities.

The heart of the matter lies in the fact that BandParametersUL-r10 (and also the BandParametersDL-r10) allows inclusion of multiple supported CA bandwidth classes:

BandParametersUL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersUL-r10

We think the option a) can be used when the MIMO parameters for UL cases can be different: If e.g. a UE that supports 4 MIMO layers for 2DL+1UL but only 2 MIMO layers for 2DL+2UL case, each supported bandwidth class entry may then indicate separate MIMO capabilities (for both UL and DL):
CA-MIMO-ParametersUL-r10 ::= SEQUENCE {


ca-BandwidthClassUL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityUL-r10

MIMO-CapabilityUL-r10



OPTIONAL

}

If it is deemed that both cases are not expected to occur, we would note that the current ASN.1 does seem to allow for both. Hence, to disallow one some clarification would be necessary to the RRC specification. Note that to clarify the signalling of the UE CA capabilities, we have earlier agreed to e.g. on the RRC CR1315 [3]. Similar clarification could be considered here if seen necessary.
Proposal 2: Consider if a clarification is required to RRC to account for the proposal 1.
Our preference would be to be consistent with the earlier agreements in DL, and adopt the option a) also for UL. This would harmonize the signalling for both directions.

Proposal 3: Clarify that UE shall signal the UL CA capabilities so that all bandwidth classes are indicated in separate band combination entries.

The (Rel-10, Rel-11 and Rel-12) CRs to clarify this in a note have been provided in [4], [5] and [6].
4
Conclusions
We have discussed the matter of indicating BW combinations for UL CA and observed the following:

Observation 1: A UE may indicate support for multiple bandwidth classes in a single band combination entry.

Observation 2: When UE indicates a band combination entry, it shall support all possible UL+DL combinations within the entry.

Based on these, we propose to discuss how the current RRC specification expects UE to behave and capture a clarification in the specifications, if necessary.

Proposal 1: RAN2 to discuss whether both case a) and b) are allowed for the UE having the same RF capabilities.

Proposal 2: Consider if a clarification is required to RRC to account for the proposal 1.

Proposal 3: Clarify that UE shall signal the UL CA capabilities so that all bandwidth classes are indicated in separate band combination entries.

The (Rel-10, Rel-11 and Rel-12) CRs to clarify this in a note have been provided as example in [4], [5] and [6].
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