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1. Introduction
In previous RAN4 meetings the UE capabilities for CA with more than 5CCs were discussed. This discussion was triggered by an LS from RAN2 [1] and the need to limit the overhead for UE capability signaling in CA. Currently, the capabilities are signaled per band and per band combination leading to a large overhead if the UE supports many band combinations. In this paper, we provide our view on some issues related to the capability signalling. 
2. Discussion

In the LS on CA capabilities [1], RAN4 is asked to provide a view on the flexibility needed for the MIMO and CSI processes capabilities that are currently signaled independently for each band within a band combination. 

Some analysis on this issue was shown in [2] and it was argued that these capabilities could be split into RF capabilities that can be signaled per band (but only once for each band and not together with each band combination) and a baseband capability that would apply to all combinations as it depends on the UE baseband processing capability. 

We would like to point out that this kind of splitting is not straightforward. The RF capability could also depend on the CA combination that the UE is configured with. For example, a UE can support 4 Rx in 2 separate bands(e.g. B1 and B2) but the 2 additional diversity receivers could be shared among these 2 bands (UE has in total 6Rx). If the UE would be configured with this CA combination it would not be able to support 4Rx in both bands but would have to use a configuration of 4Rx + 2Rx (e.g. B1 4Rx and B2 2Rx). Furthermore, signaling a total number of receivers (e.g. 6 Rx) and leaving it up to the network to configure which band uses 4Rx and which band uses 2Rx might not be feasible either. Depending on the RF implementation such as use of filters (e.g. harmonic trap filters) only a certain combination might be usable. For the example above, the UE could only work in a configuration with B1 4Rx and B2 2Rx and not with B1 2Rx and B2 4Rx. Considering this example, we believe that maintaining the signaling per band per band combination is a better option that provides future compatibility. 
Observation 1: Signaling only a per band RF capability is not feasible from an implementation flexibility point of view.
As stated above, in [2], it was also proposed to signal an overall baseband capability that depends on the UE baseband processing capability. Similarly to the RF capability signaling proposal, this proposal is also not straightforward. A total number of MIMO layers supported by the UE may not reflect the actual UE capability. For example, if the UE signals a capability of 8 MIMO layers, this could mean that the UE could support 2 layer MIMO on 4 CCs but not necessarily 4 layer MIMO on 2 CCs. The processing requirements for MIMO layers do not scale linearly, 4x4 matrix operations are more complex than double the 2x2 matrix operations. Furthemore, the number of CSI processes that the UE supports could depend on the MIMO configuration. For example, if the UE is configured with 2 CCs and 4 layers on each CC it would have a different CSI process capability compared to 4 CCs with 2 layers on each CC. We also would like to point out that baseband processing requirement is dependent on aggregated system bandwidth. Even when UE is equiped with 4 Rx antenna in all CCs, the number of CCs in which UE can support 4 layer MIMO could be different for different CA band combination due to different aggregated bandwidth. 
As explained above, the baseband capabilities can be interdependent and it may be very complicated to design the signaling in such a way that all cases are covered and they also work well together with the RF capabilities. Moreover, as more features will be added, forward compatibility may become a problem as these are added in an overall baseband framework.

Observation 2: Signaling an overall baseband capability for MIMO and CSI processes could reduce implementation flexibility. 

Based on the above observations, we believe that it is necessary to maintain per band per band combination capability signaling to ensure implementation flexibility. In order to reduce the signaling overhead, other approaches should be examined. For example, the network could signal the set of CA combinations supported and the UE would only send the capabilities that are relevant. 

We propose to include in the reply LS to RAN2 that maintaining the current approach of per band per band combinations capability signaling offers the needed implementation flexibility.

3. Conclusion
In this paper we analyzed the issue of splitting the UE capabilities for CA into RF and baseband capabilities to minimize the signaling overhead. From our analysis we made the following observations:

Observation 1: Signaling only a per band RF capability is not feasible from an implementation flexibility point of view.

Observation 2: Signaling an overall baseband capability for MIMO and CSI processes could reduce implementation flexibility. 

Based on these observations, we propose to include in the reply LS to RAN2 that maintaining the current approach of per band per band combinations capability signaling offers the needed implementation flexibility.
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