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1. Overall Description:

In WI for CA enhancements, RAN2 has started to discuss capability signaling to support 32 carriers. Overhead of current CA capability signaling is extensive due to large number of band combinations and the repetition of these band combinations. The capability signaling overhead is assumed to increase even more when number of carriers increases. Thus in RAN2#89bis meeting, RAN2 agreed to consider enhanced capability signalling solutions in the scope of this WI.  
In the following, RAN2 would like to request input from RAN4 for the capabilities related to CA. In addition, RAN2 intends to study signalling reductions that can be achieved without RAN4 impact.

The current CA-MIMO capability signalling parameters in Rel-12 is shown in figure below. 
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Main reasons behind the large capability size are: 
· Increasing of the number of supported frequency bands and band combinations among these bands. 

· Explicit signalling of fallback configurations as each band combination implies other capabilities that may not be the same between superset and subset CA combinations. 
· Multiple band entries are signaled for intra band non-contiguous and inter band CA combinations. 
· ca-BandwidthClass is split into DL and UL, and each supported bandwidthClass is signaled explicitly. 
· supportedMIMO-Capability is split into DL and UL. And it is indicated per bandwidthClass. 

· interFreqNeedForGaps and interRAT-NeedForGaps are signaled per UE’s supported band for each band combination. 
· supportedCSI-Proc indicated per band entry for each band combination and further per CC in case of contiguously aggregated carriers as agreed recently.

· Bandwidth combination set is signaled per band combination and takes up to 32 bits (values) most of which are not used by RAN4

· One CA band combination can be signaled more than once. 

Bandwidth Class and number of bands
Per band combination, the UE reports BandwidthClass of each band in the band combination and corresponding MIMO/CSI capability. The band width classes include 6 type of BandwidthClass for which the maximum bandwidth could be up to 500RBs and number of carrier could be up to 5. 
For 32CCs, it can be assumed that the increased carriers mostly come from unlicensed band and the carriers in unlicensed band usually are contiguous. It means that the higher BandwidthClass is introduced. 
Question 1: How many new bandwidthClasses would be introduced and how they are to be defined?
On the other hand, also number of bands that can be aggregated may increase due to 32 carriers. As number of bands impacts number of band combinations, it would be good to understand how many bands RAN4 intends to support. Also the number of intra-band non-contiguous carriers impacts capability size. 
Question 2: How many inter-band and intra-band non-contiguous carriers can be aggregated?
MIMO and CSI process related capabilities

Today the UE can indicate different dependent capabilities such as MIMO capability, number of CSI processes, NAICS capability etc. either per bandwidthClass/band or per bandCombination. It should be considered to what degree of flexibility these dependent capabilities need to be provided in case of 32 aggregated CCs. 
Any band-independent baseband processing capabilities could be separated from the band combination signalling in order to simplify the capability combinations to be signalled. Such baseband processing related capabilities could be e.g. a function of number of CCs rather than the band. 
For example, RAN2 considers the number of CSI processes capability could relate to baseband processing capability. Even though this baseband processing needs to be shared with other functionalities like MIMO, e.g., it is imaginable that UE could signal its supported CSI processes along with # of CCs, MIMO layers supported on those CCs, its NAICS capability, etc. rather than relating it to individual band combinations.   

On the other hand, some capabilities are RF related (such as interFreqNeedForGaps) and could be impacted by the actual bands supported in the band combination. 
A third category is the capabilities that have both RF and baseband impact, e.g. # of MIMO layers whether UE’s capability depends on the frequency band and the number of CCs to be aggregated on one band. It can be considered whether the MIMO capability could be separated from the band combination and only depending e.g. on the frequency band. 

Question 3: RAN2 would like to understand what level of flexibility should be provided for 32 carriers with respect to MIMO and CSI process capabilities. In addition, RAN2 would like to understand if any of band combination specific parameters could be signalled per UE or per number of aggregated CCs and/or their aggregate bandwidth (e.g. number of CSI processes or NAICS capability).

Measurement gap

The UE currently signals the need of measurement gap per band combination. The signalling includes array indicating need of gaps for each supported inter-band and inter-RAT frequency. When UE supports carrier aggregation for multiple carriers, it could be discussed if need for gaps can be implicitly derived.
Then it should be noted that for the requirement of measurement gap, currently the UE shall not require gaps to measure on the configured serving cells/carriers. It would be useful to understand that this is still valid in case of 32 serving cells/carriers.
Question 4: RAN2 would like to understand what level of flexibility would be needed for measurement gap capability with 32 carriers. RAN2 like to also confirm that the UE shall not require gaps to measure on any configured serving cells/carriers even in case of 32 carriers.

Fallback configurations

In current design of capability, a signalled supported band combination does not indicate that its subsets on both DL and UL are supported. RAN2 agreed that each band combination needs to be explicitly signalled, since the band combination implies other capabilities that are not necessarily the same between superset and subset CA combinations. RAN2 may consider changing this design.
It should be noted that RAN4 decisions on requirements on fallback configurations impact how many subset would be need to be signalled explicitly. E.g. in RAN2 it was mentioned that if the UE supports 3 and more UL CCs and supports multiple-TA, it could support multiple-TA for all the fallback UL combinations. 
Question 5: RAN2 would like to understand if each fallback configuration would need to be signalled explicitly

Other enhancements
RAN2 notices that the current bandwidth combination set has 32 values whereas in 36.101 only minor part of those are used (up to 3).  It could be discussed in RAN4 what would be reasonable value in future.

Question 6: What would be reasonable size of bandwidth combination sets with 32 CCs? 
2. Actions:

To RAN4
ACTION: 
RAN2 kindly asks RAN4 to give feedback to the questions presented above. 
3. Date of Next TSG-RAN2 Meetings:

TSG RAN2 Meeting #91

24 - 28 August 2015,

Beijing, China

TSG RAN2 Meeting #91bis
05 - 09 October 2015,

Malmö, Sweden
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