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1. Introduction
In [1], RAN1 asked for RAN4 feedback on relative phase continuity for UL MIMO. 

At the RAN1#63bis, Rel-10 UE capability related to DL MIMO and UL MIMO work items were discussed, and RAN1 identified features related DL and UL MIMO. One identified feature is relative phase continuity between multiple ports for UL MIMO transmission, which needs to be ensured for closed-loop precoding gain in UL MIMO transmission. RAN1 thinks that phase continuity should be mandatory feature of Rel-10 if UL MIMO is supported, pending on availability of RAN4 performance requirement in Rel-10 time frame, otherwise the UE capability may need to be defined for phase continuity.

Relative phase continuity is a new requirement that to the best of our knowledge has not been addressed in either HSPA or LTE contexts below. It is also likely that the requirement will be used as a precedent for other closed-loop systems being discussed (e.g. HSPA CLTD). Therefore, we believe that RAN4 should carefully study the requirement. In this document, we discuss how RAN4 may approach such a study. 
2. Discussion

At a high-level, our view is that we should approach this problem from two angles. First we need to determine what requirement is needed in order to not lose too much in performance. Second, we need to discuss if such a requirement can be achieved in practice. 
2.1 What is necessary

Firstly, as mentioned in the RAN1 LS, only relative phase continuity i.e., the angle between the phases of the two antennas needs to be maintained in a continuous fashion.  The absolute phases themselves could vary from subframe to subframe. For further discussions on this topic, it may help if RAN4 agrees on a definition of phase continuity. One suggestion is to define relative phase continuity as follows: the maximum change in the transmit phase difference between the two antennas between one UL subframe and the next across 1 subframe. 
Secondly, the RAN1 LS does not give us a quantitative assessment of how much phase continuity is needed. It is for example quite clear that changing the phase difference by say, π/1800 radians per subframe (i.e., 0.1o) is not going to impact UL performance very much since this is less than the precoding matrix quantization and also less than the channel variations in the time between scheduling and transmitting. Conversely, changing it by a large number (e.g. π radians or 180o) is going to have a big impact since it essentially means the UE is transmitting at a phase completely different from what the eNB intended it to. It is not intuitively clear what a good tradeoff, and hence that must be studied further.   

Thus this information needs to be obtained before RAN4 can send a response to RAN1. There are two possible approaches here: 
(1) Running simulations in RAN4 to obtain this information ourselves.  

(2) Requesting RAN1 to provide us this information. 
We are OK with requesting RAN1 for the information (e.g. due to RAN4 workload considerations). However, we have a slight preference is to run the simulations in RAN4. For this simulation campaign, a number of assumptions need to be agreed on. Among these are number of antennas at the base station, channel model etc. To some extent, the eNB UL performance simulations may be reused. However, the eNB simulation assumptions are insufficient since they don’t model SRS transmissions, how the eNB schedules the packets, time delay between scheduling and packet transmission, precoder quantization etc. All of these assumptions should be agreed upon for further studies.   
2.2 What is achievable
Once RAN4 obtains information about what level of phase continuity is needed, then we can proceed with verifying whether such phase continuity is achievable. As of now, there have been no discussions in RAN4 on the UE architectures that can maintain relative phase continuity. 
There are several issues that need further study in our opinion. How well can the two RF chains be calibrated? Should a common LO be mandated for both chains, or can separate LOs be used? How does antenna gain imbalance affect the phase? How do analog gain state variations impact the phase requirements?  While not all of these may be major factors, we do expect at least some of them to have a non-trivial impact and recommend that RAN4 should take these into account in setting the requirements.

Depending on the analysis of “what is necessary” and “what is achievable,” RAN4 can make the appropriate recommendation. For example, if it is concluded that it is trival to achieve what is necessary, phase continuity can be made a mandatory requirement for all UL MIMO UEs. If not, it would be prudent to keep it as an optional feature (as other MIMO features can still be employed instead).    
3. Conclusion 

In this contribution, we discuss the LS from RAN1 and suitable ways of responding to RAN1. In particular, we recommend that RAN4 adopts a two-pronged approach. (1) After defining phase continuity, RAN4 needs to get an assessment of the tradeoff between performance and phase continuity. This can be obtained from RAN1, or by an extensive simulation campaign in RAN4 (our preference is the latter). (2) Studying UE RF architectures, RAN4 needs to decide if the requirement can be met relatively easily or not. Depending on that, RAN4 may decide to adopt requirements for all UEs or as a capability.   
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