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Discussion and decision 
1 Introduction 
In the current UE capability signaling for TM10, if the UE supports TM10 (either one or more CSI processes) in one band in a band combination, the UE also supports TM10 (with potentially different number of CSI processes) in another band in the same band combination. Furthermore, for each band in a band combination, the UE is free to indicate the support for 1, 3 or 4 CSI processes. 
In RAN59, it was discussed if there is a need to allow UE capability signaling to indicate support of TM10 for one band in a band combination, but not for another band in the same band combination. The following way forward was agreed as a result:

1. RAN1 can discuss during one meeting whether it is required to support the possibility to have a UE capability indicating that the UE supports TM10 in one band in a bandcombination, and not in another band in the same bandcombination. If required, RAN1 should send LS to RAN2.

2. 
RAN2 can if required by RAN1 add a "n0" codepoint to the signalling, which is considered a backward compatible change from UE ASN.1 point of view.

3. 
Whether TM10 support is mandatory or optional is an independent decision which still needs to be taken in some future RAN meeting.

During the discussion in RAN59, UE complexity and interoperability test (IOT) issues were raised. In our view, IOT issue is beyond the scope of RAN1 discussion, therefore we only discuss any potential UE complexity issues that justify change to the existing UE capability signalling in RAN1.  In addition, as clarified in the RAN’s way forward, the discussion in RAN1 should focus on UE capable of TM10 (with at least one CSI process) and whether the capability is mandatory or optional for a Rel-11 UE should be precluded from RAN1 discussion.
2 Discussion
Prel-11 TMs have always been band agnostic in the sense that if a TM is supported by a UE in a band, it is also supported by the UE for all bands. It is sensible that the current UE capability signalling for TM10 should also follow the same principle. At the very least, UE capable of supporting TM10 should be able to support TM10 with only one CSI process for all bands in all band combinations and the current UE capability signaling supports such indication. Nevertheless,  RAN1 has been requested to discuss the following two approaches for TM10 support.
Approach 1: Support for TM10 with only one CSI process remains band agnostic (as in TM9) 

Approach 2: Support for TM10 with only one CSI process is not band agnostic 

The support of TM10 with one CSI process should be no different with respect to the carrier frequency, i.e. we do not expect TM10 to offer more performance gain for a certain band than the other. Therefore, in our view the key question is whether major UE complexity problem pertaining to TM10 with one CSI process is incurred for Approach 1 which can be overcome by Approach 2, e.g. by restricting configuration to a Pre-Rel-11 TM (such as TM9) for a band. There can be problem with Approach 1 if UE implementation complexity somehow doesn’t scale very well by supporting TM10 on all bands.
Observation: Approach 2 should only be considered if there is a major UE complexity issue with Approach 1 that can be overcome by Approach 2. 
TM10 with one CSI process is similar to TM9 with following major exceptions:

1. DL demodulation

a. UE-specific DL DM-RS sequence can be configured for TM10
b. Up to 4 PDSCH RE mapping parameter sets can be configured for TM10

c. Quasi co-location (QCL) Type A or B can be configured for TM10, while only QCL type A is supported for TM9.
2. CSI feedback
a. Interference measurement for CSI is determined based on CSI-IM configuration for TM10, while it is unrestricted for TM9.
3. UL transmission
a. UE-specific PUCCH parameters can be configured for TM10
b. UE-specific PUSCH DM-RS can be configured for TM10
On UE-specific RS sequence generation, PDSCH RE mapping and interference measurement based on CSI-IM configuration for TM10, our implementation analysis shows no baseband processing advantage offered by Approach 2 over Approach 1.
If QCL type B is configured for TM10 with one CSI process, apart from the time/frequency synchronization based on the serving cell’s PSS/SSS/CRS, the UE is also required to perform one additional time tracking based on a CSI-RS resource and one additional frequency tracking based on an indicated CRS resource that may not be the same as that of the serving cell. Our implementation analysis also shows that the additional UE complexity required for performing one additional time tracking and one additional frequency tracking is quite minimal. We note also that for legacy mobility support, the UE anyway needs to implement additional time/frequency tracking to sync with the time and frequency of a candidate cell for cell identification, RSRP/RSRQ measurement and optionally system information reading (for resolving PSC/PCI confusion), while maintaining time and frequency synchronization of the current serving cell. 
Based on the above, we can conclude the following.
Conclusion: No major UE complexity issue has been identified with Approach 1.  
3 Conclusions
As per RAN’s request, we discussed the following approaches 
Approach 1: Support for TM10 with only one CSI process remains band agnostic (as in TM9) 

Approach 2: Support for TM10 with only one CSI process is not band agnostic 

In our view, Approach 2 should only be considered if there is a major UE complexity issue with Approach 1 that can be overcome by Approach 2, e.g. if UE implementation complexity somehow doesn’t scale very well by supporting TM10 on all bands. However, no major UE complexity issue has been identified with Approach 1.
In conclusion, we propose to keep the existing UE capability signaling method in TS36.331 and TS36.306, i.e. it is not required to support the possibility to have a UE capability indicating that the UE supports TM10 in one band in a band combination, and not in another band in the same band combination.
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