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1. Introduction

In this contribution we provide discussion on the TM10 / FD-MIMO UE capability questions raised in the recent RAN2 LS [1] and related RAN1 reply LS [2]. In particular, we provide information on the background of the RAN2 request and make recommendations on the RAN4 reply LS.
2. Discussion
2.1 Background

First of all, we would like to share some background on the RAN2 discussions to highlight the TM-10 and FD-MIMO UE capability signaling issues which are planned to be solved.
The detailed description of the problem is provided in [3] and can be summarized as follows:

	… TM-10 and FD-MIMO parameters are in many cases, dependent only on baseband resources and not RF specific resources. And these baseband resources (e.g. on-chip memory to save the soft symbols) get used up in different ways based on the number of component carriers (rather than the actual bands of these carriers) configured as part of carrier aggregation (CA). 

Observation 1: TM-10 and FD-MIMO parameters are dependent only on baseband capability not RF capability. 
From UE implementation point of view, a particular UE should be able to support different set of TM-10 and FD-MIMO parameters purely based on the number of carriers in CA and not dependent on the actual bands in band combinations. …
Observation 2: if the UE can support a certain TM-10/FD-MIMO capabilities in one band combination, the UE likely supports same TM-10/FD-MIMO capabilities regardless of frequency band in the same band combination. 
In order to indicate such capability, this UE still has to repeat the same set of TM-10/FD-MIMO parameters for each band in the same band combination. If the UE does not repeat this for each band, then the TM-10/FD-MIMO parameters will be applicable only to the one reported band in a band combination, while the rest of the bands will miss out of these features. …

Observation 3: the UE repeats the same band combinations in UE capability signaling if the UE can support different set of TM-10 and FD-MIMO capabilities, which increases UE capability signaling dramatically. 


Additional information on the RAN2 WG discussions can be found in the “Report of email discussion: [96#35] [LTE/FD-MIMO] UE capability signalling” [4]:

	Discussion #1: TM-10 and FD-MIMO parameters are dependent only on baseband capability not RF capability. 

· Summary: Some companies are ok to consider FD-MIMO parameters as baseband capability, but it is also suggested to consult with RAN1/RAN4.

Discussion #2: if the UE can support a certain TM-10/FD-MIMO capabilities in one band combination, the UE likely supports same TM-10/FD-MIMO capabilities regardless of frequency band in the same band combination.

· Summary: similar to discussion #1, companies would like to ask RAN1/RAN4. 

Proposal 1: RAN2 sends LS to RAN1/RAN4 to consider TM-10 and FD-MIMO capability parameters are dependent only on baseband capability not RF capability. 

Discussion #3: the UE repeats the same band combinations in UE capability signaling if the UE can support different set of TM-10 and FD-MIMO capabilities, which increases UE capability signaling dramatically. 

· Summary: companies agree with the observation in discussion #3. 

Discussion #4: the enhancement on TM-10/FD-MIMO capability signaling is needed to indicate flexible UE implementation while avoiding large UE capability size.

· Summary: companies are interested to enhance FD-MIMO capability signaling. 


As the results of these discussions RAN2 sent LS to RAN1/RAN4 to get clarifications on the background of the existing TM10 and FD-MIMO capabilities [1]: 
	1. Overall Description:

In LTE UE capability signalling, RAN2 observed that the UE should repeat the same band combinations information in UE band combination signalling if the UE want to indicate different sets of TM-10 (i.e supportedCSI-Proc-r11, supportedCSI-Proc-r12) and per band per band combination FD-MIMO capabilities (i.e. nonPrecoded-r13, beamformed-r13, dmrs-Enhancements-r13) for the same band combination, which increases UE capability signalling significantly. 

Therefore, some companies think that it is deemed necessary to reduce UE capability signalling overhead by addressing the above issue.
To this end, RAN2 would like to ask RAN1/RAN4 whether TM-10 and FD-MIMO capability parameters are dependent only on baseband capability and not RF capability. For example, if TM-10/FD-MIMO capability is pure baseband capability, TM-10/FD-MIMO capabilities may be affected by the number of configured carriers and/or the number of MIMO layers but not affected by which frequency band/carrier TM-10/FD-MIMO is supported. Therefore, per UE capability TM-10/FD-MIMO capability sets could be defined considering different number of supported carriers and/or the different number of MIMO layers. 

It is noted that any change, if introduced, would be considered from Rel-14.

2. Actions:
To RAN1/RAN4 group

ACTION: 
RAN2 kindly asks RAN1/RAN4 to provide feedback whether TM-10 and FD-MIMO capability parameters are dependent only on baseband capability and not RF capability.


The related question was discussed in RAN1 in the previous meeting and RAN1 reply LS to RAN2/4 was agreed [2]:
	1. Overall Description:

RAN1 would like to thank RAN2 for their LS on TM-10/FD-MIMO UE capability signalling. 

RAN1 observes that the following TM-10/FD-MIMO parameters can be candidates to be dependent only on baseband capability and not RF capability:

· supportedCSI-Proc-r11

· nonPrecoded-r13

· beamformed-r13

· dmrs-Enhancements-r13

· csi-ReportingNP-r14

· csi-ReportingAdvanced-r14

· hybridCSI-r14

· semiOL-r14

RAN1 does not expect impacts on RAN1 specifications if support for the above listed capability parameters are each considered as baseband capabilities.

It is further RAN1 understanding that at least some of the above listed TM-10/FD-MIMO parameters can be defined considering the following:

· number of supported carriers, and

· bandwidth within each supported carrier, and

· number of MIMO layers

Finally, RAN1 thinks it is up to RAN2 and RAN4 on whether these capabilities are signalled as baseband capabilities. 

2. Actions:

To RAN2 group

ACTION: 
RAN1 asks RAN2 group to take into account RAN1 response in their future work.

To RAN4 group

ACTION: 
RAN1 asks RAN4 group to take into account RAN1 response in their future work.


2.2 RAN4 reply LS on TM10 / FD-MIMO UE capability
The main motivation behind the RAN2 questions is to understand why the TM10 and FD-MIMO capabilities are currently signalled in a per Band / per CA Band combination manner and repeated for each CA band combination and what are the parameters which those features depend on.  

Below, we provide some additional views on the related questions: 

1) TM10 and FD-MIMO features are baseband features and not related to the RF capabilities

2) Support of baseband features including TM10 (# of CSI processes) and FD-MIMO (Class A, Class B) depends on such factors as: 

a. Number of supported carriers 

b. Bandwidth within each supported carrier

c. Number of MIMO layers within each supported carrier
3) Support of baseband features depends on the overall complexity of the full set of features
a. It is a rather typical situation that UEs capability to support a set of baseband features is limited by the total implementation complexity. For example UE can support features “A + B” or “A + C” but may not support “A + B + C”.  
b. UE should be able to support different combinations of the TM10 / FD-MIMO UE capabilities. And the capability signalling should allow UE to provide to eNB information on the support of different sets of TM-10 and FD-MIMO capabilities.
4) There may be additional baseband features introduced in the future which may benefit from the “baseband” signalling enhancements and it is important to ensure that RAN2 designs the signalling in a way to allow possible extension to other features. For example, at least MUST UE capabilities should be considered.
In our view, the RAN1 reply LS [1] already provides a very clear answer to the RAN2 questions. So, in summary we recommend RAN4 to confirm RAN1 observations with some additional clarification. The following LS reply text is suggested:

	1. Overall Description:

RAN4 would like to thank RAN2 and RAN1 for their LS and reply LS on TM-10/FD-MIMO UE capability signalling.
RAN4 agrees with RAN1 observation that the following TM-10 / FD-MIMO parameters are baseband capabilities and not RF capabilities:

· supportedCSI-Proc-r11

· nonPrecoded-r13

· beamformed-r13

· dmrs-Enhancements-r13

· csi-ReportingNP-r14

· csi-ReportingAdvanced-r14

· hybridCSI-r14

· semiOL-r14

RAN4 also agree with RAN1 understanding that some of the above listed TM-10/FD-MIMO parameters can be defined considering the following parameters:

· number of supported carriers, and

· bandwidth within each supported carrier, and

· number of MIMO layers within each supported carrier
It is RAN4 understanding that 

· UE should be able to support different combinations of the TM10 / FD-MIMO UE capabilities. The capability signalling should allow UE to provide to eNB information on the support of different sets of TM-10 and FD-MIMO capabilities at least for some of the above listed parameters.

· There may be additional baseband features introduced in the future which may also benefit from the introduction of signalling enhancements. 

· It is up to RAN2 on whether any enhancements to capabilities signalling are introduced.

2. Actions:

To RAN2 group

ACTION: 
RAN4 asks RAN2 group to take into account RAN4 response in their future work.


3. Conclusions

In this contribution we have our views on the LS reply to RAN2/RAN1 on the TM10 / FD-MIMO UE capabilities. The suggested draft LS reply is provided in the companion paper [5].
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