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1. Introduction
In the last few RAN4 meetings, considerable progress has made on the RF requirements for UL MIMO capable UEs. In this document, we present some further considerations on UE capabilites that facilitate the different UL MIMO features that were standardized in RAN1. 
2. Discussion

There was some dicussion on the reflector on whether UL MIMO capability is related to any other capabilites. In our view, the operator necessity as well as UE architecture for these different features is very different. Consider carrier aggregation and UL MIMO for example. An operator with only one carrier doesn’t not need or want carrier aggregation to be supported, but may want to support UL MIMO. Conversely, an operator with multiple carriers may still only want to support 2 DL + 1 UL carrier in Rel-10 timeframe; such UEs have only 1 TX chain. And even if UL on both carriers is supported, the RF front end for having 1 antenna on Band X + 1 antenna on Band Y is different from the RFFE for having both antennas on Band X. Based on this, we have the following proposal:   
Proposal 1: The UL MIMO capability of a UE should be independent of other UE capabilites (e.g. DL MIMO, Carrier Aggregation). 

Note that this is in line with the agreement in [1]: “UL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported.”
The next discussion is on the capabilities of UL MIMO devices. Several multi-antenna TX techniques were developed by RAN1. These include transmit diversity, open-loop precoding, closed-loop precoding and MU-MIMO. All of these operations may require some common operations. For example, for all UL MIMO schemes, it is necessary to sound the channel from both antenna ports in order to enable the eNB to accurately determine the MCS. Thus any multi-antenna TX-capable UE will need to be able to send SRS from both antenna ports. 
Proposal 2: Operations that are beneficial to all UL MIMO schemes, and thus offer systemwide benefits, should be mandatory for any UL MIMO UE.    
Conversely, some other requirements are only needed for certain operations. For example, relative phase continuity across antenna ports is not necessary for open-loop precoding as no “beamforming” is done. Such operations may therefore be regarded as an additional capability.   
Proposal 3: Operations that are specific to a certain type of UL MIMO scheme and primarily benefit only the UL MIMO UE should be additional capabilites. 
3. Conclusion 

In this document, we presented a set of guidelines that could be used by RAN4 in conjunction with other working groups to determine UE capabilities with regards to UL MIMO. 

Proposal 1: The UL MIMO capability of a UE should be independent of other UE capabilites (e.g. DL MIMO, Carrier Aggregation).
Proposal 2: Operations that are beneficial to all UL MIMO schemes, and thus offer systemwide benefits, should be mandatory for any UL MIMO UE.    
Proposal 3: Operations that are specific to a certain type of UL MIMO scheme and primarily benefit only the UL MIMO UE should be additional capabilites.
The actual capabilites themselves are for further study (some suggestions are given in our RAN1 contribution [2]). But we recommend that RAN4 use the aforementioned guidelines in determining them. 
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