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1. Introduction

Currently, RRC specification limits the maximum number of band combinations to 128 [1]. On the other hand, RAN2 have required UEs to explicitly signal every permutation of band combinations. 

For example, a CAT6 UE should report all of the legacy bands, two elements for each 2 DL CA combination, and three elements for each 3 DL CA combination (with a single UL).

The discussion paper in [2] described a potential need for increasing the maximum number of band combinations, which triggered some discussions on whether the number of band combinations can be minimized. 
	R2-140326
Extension of the maximum number of band combinations; Intel Corporation; Disc; REL-11; LTE_CA-Core, TEI11; 

-
Chairman thinks we should discuss and decide whether a UE indicating an inter-band BandCombination with 3 bands also supports all 2-band combinations. Should also check how it relates to uplink.

-
NEC think that we agreed that if the measurement gap requirements are different for a subset the UE shall indicate another band combination.  

-
Intel thinks that there is still a need to increase the size of this field. NSN tends to agree that there might be such a need at some point but thinks that is not urgent and could be done in Rel-12. Intel thinks it becomes a problem with 3 DL. QC also thinks that this might be needed in Rel-11. 

=>
CB: Can discuss “Extension of the maximum number of band combinations” offline. Discuss whether the field should be extended, how that should happen and from which release. Discuss offline how to try to minimize the number of band combinations that need to be signalled. (Intel)

-
After offline discussion. 

=>
RAN2 confirms that the UE shall include all supported single-band “band combinations” explicitly.  

-
DCM and Huawei think that we discussed it earlier that 3UL/3DL would not imply all 2UL/DL inter-band combinations. But it is maybe not really clear from the specification. RAN4 is also discussing this. 

-
QC thinks that we may have to include all individual inter-band band combination since the UE has to include an entry to “need for gaps”. 

R2-140331
CR on extension of the maximum number of band combinations - approach 1; Intel Corporation; CR; 36.331; (1421); C; REL-12 cat.A CR missing?; REL-11; LTE_CA_enh-Core; 

=>
Postponed

R2-140333
CR on extension the maximum number of band combinations - approach 2; Intel Corporation; CR; 36.331; (1422); C; REL-12 cat.A CR missing?; REL-11; LTE_CA_enh-Core; 

=>
Postponed


2. Band combination signaling 
Observation 1: Many of the UE capability indications are linked to the supported band combination signaling, such as measurement gap requirements, multiple timing advance, simultaneousRx-Tx, and UL/DL MIMO signaling. Many of such Ue capabilities are optional for each band combination. 

Observation 2: UE can even include the BandCombinationParameters for the same band combination more than once so that it can signal the required capabilities properly. 

	NOTE 3:
All the combinations of CA-MIMO-ParametersUL and CA-MIMO-ParametersDL for one band and across all the bands in each BandCombinationParameters are supported by the UE and have the same measurement gap requirement (i.e. the same BandInfoEUTRA applies). The BandCombinationParameters for the same band combination can be included more than once.
supportedBandCombination

Includes the supported CA band combinations, if any, and may include all the supported non-CA bands. The UE shall include all the supported non-CA bands, regardless of whether it supports carrier aggregation, if:

a) it includes ue-Category-v1020 (i.e. category 6 to 8); or

b) for at least one of the non-CA bands, it supports more MIMO layers with TM9 and TM10 than implied by the UE category; or

c) it supports TM10 with one or more CSI processes

-
interFreqNeedForGaps

Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.

-

interRAT-NeedForGaps

Indicates need for DL measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the inter-RAT band given by the entry in the interRAT-BandList.

-

multipleTimingAdvance

Indicates whether the UE supports multiple timing advances for each band combination listed in supportedBandCombination. If the band combination comprised of more than one band entry (i.e., inter-band or intra-band non-contiguous band combination), the field indicates that the same or different timing advances on different band entries are supported. If the band combination comprised of one band entry (i.e., intra-band contiguous band combination), the field indicates that the same or different timing advances across component carriers of the band entry are supported. If this field is included, the UE shall include the same number of entries listed in the same order as in BandCombinationParameters.
-

simultaneousRx-Tx

Indicates whether the UE supports simultaneous reception and transmission on different bands for each band combination listed in supportedBandCombination. This field is only applicable for inter-band TDD carrier aggregation.
-

supportedBandwidthCombinationSet

The supportedBandwidthCombinationSet indicated for a band combination is applicable to all bandwidth classes indicated by the UE in this band combination.
Field encoded as a bit map, where bit N is set to "1" if UE support Bandwidth Combination Set N for this band combination, see 36.101 [42]. The leading / leftmost bit (bit 0) corresponds to the Bandwidth Combination Set 0, the next bit corresponds to the Bandwidth Combination Set 1 and so on. The UE shall neither include the field for a non-CA band combination, nor for a CA band combination for which the UE only supports Bandwidth Combination Set 0.

-

CA-BandwidthClass

The CA bandwidth class supported by the UE as defined in TS 36.101 [42, Table 5.6A-1]. 
The UE explicitly includes all the supported CA bandwidth class combinations in the band combination signalling. Support for one CA bandwidth class does not implicitly indicate support for another CA bandwidth class.
-




Observation 3: Not all of the band combination specific capabilities apply to the subsets of band combination. For example, PCell glitches are allowed for some of the CA configurations but are not allowed for measurements without gaps. This means that the UE's need for gap signaling cannot be corrected with its CA capability signaling. 
For example, if a UE supports 3 DL CA on B1+B2+B3, it should be able to indicate its need for gaps when 3 DL carriers are configured. UE may be able to signal it does not need gaps for measurements of B3 when configured with B1+B2. On the other hand, due to potential glitches, UE may require gaps for measurements of B1 when configured with B2+B3. 

Observation 4: Backwards compatibility of ASN.1 signaling across multiple releases should be considered for any proposed simplification given that the supportedBandCombination IE is a Rel-10 IE. In particular, this becomes important if a UE with “simplified” signaling attaches to a network with earlier releases. 
Proposal 1: RAN2 to discuss and confirm the UE's behavior considering Observations 1-4. 
Proposal 2: Extension of the maximum number of band combinations is required to provide the UE the capability signaling flexibility even if it is mandated to support carrier aggregation on a subset of its supported bands. 

Proposal 3: The extension of maximum number of band combinations would be required in Rel-11 when 3 DL CA is likely going to be introduced for a large set of band combinations (per discussions in RAN4). 
3. Summary and Proposal

Proposal 1: RAN2 to discuss and confirm the UE's behavior considering Observations 1-4. 

Proposal 2: Extension of the maximum number of band combinations is required to provide the UE the capability signaling flexibility even if it is mandated to support carrier aggregation on a subset of its supported bands. 

Proposal 3: The extension of maximum number of band combinations would be required in Rel-11 when 3 DL CA is likely going to be introduced for a large set of band combinations (per discussions in RAN4). 
Reference

[1]
TS 36.331 

[2] 
R2-140326, Extension of maximum number of band combinations, Intel Corporation 

PAGE  
3

