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1. Introduction
Part of the enhanced uplink study item includes evaluation of improvements which address practical multi-antenna implementation issues [1]:
Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation
This contribution discusses the issue of relative phase discontinuity (RPD) arising from multiple uplink antennas devices which can become more appealing due to increased possibility of obtaining spatial multiplexing gain in small cell deployments. In the contribution, we briefly discuss the characterization of RPD and its performance impact (still ongoing in RAN4) and also the possibility that RAN1 may need to consider an open-loop uplink transmission mode that is robust to RPD. We will focus more on 2Tx in this contribution given that the earliest deployments will most likely be with 2 Tx which is robust to RPD.
2. Small Cell and Uplink MIMO  

Non-uniform network deployment with small cells and low-power nodes may result in much shorter distance between UEs and eNB/RRH, which may result in much improved uplink performance due to significantly reduced pathloss. The increased SINR at the small cell eNBs makes the spatial multiplexing (i.e., rank>=2) much more possible as long as multiple uplink antennas can be supported in devices by, for example, leveraging the dual Rx antennas. Incorporating dual Tx antennas presents many challenges for multimode devices, particularly in terms of baseband support and RF front end.
One such implementation issue, relative phase discontinuity (RPD), discussed in RAN4 is the stability of the relative phase between antenna ports over time (i.e., subframes) [2][3].  One significant contributor to RPD is the variation in the phase of the PAs’ transfer function at different power levels as may occur when the PA operates in different gain-setting “modes” depending on its output power.  In closed-loop UL MIMO operation, which is the transmission mode allowed for data traffic (i.e., PUSCH), channel determination is based on SRS transmissions which may have a different power than a subsequent PUSCH transmission.  Any difference in relative phase provided by the PAs between transmissions degrades performance since the selection of precoding vector/matrix performed by the eNB may no longer be valid/optimal.  Note that in addition to enabling uplink precoder computation at the eNB, SRS sounding also serves the purposes of rank and MCS determination that is not, or to a lesser degree, affected by RPD.   
For 2 Tx rank 2 and 4 Tx rank 4, the precoding matrix is just an identity matrix, which means that the transmission is essentially open-loop and therefore their performance is not affected by RPD.  The performance of all other ranks however will degrade, possibly significantly, depending on the size of the relative phase error introduced.  
3. Evaluation of Need for New Transmission Schemes Robust to RPD
The following is a natural process for evaluating the need for new RPD-robust transmission schemes in addition to the close-loop MIMO transmission defined in Rel-10:

1. RPD  Modelling 
An RPD model based on typical UE implementations should first be determined.  The model has associated parameters such as the maximum relative phase error, as may be appropriate for uniformly distributed errors, or a mean and variance for a Gaussian-distributed error. How RPD varies over subcarriers or RBs in the frequency domain must also be included.
2. Evaluating Rel-10 closed-loop precoding performance. 
The throughput loss under the RPD model, relative to no RPD error, could be evaluated, via link and system simulation, as a function of the modeling parameter (e.g., maximum uniformly distributed RPD error).  This study could give an indication of RPD  upper bound that results in acceptable level of closed-loop throughput degradation.

3. Determine whether the RPD upper bound as obtained from the simulation study can reasonably be met by UE’s with current technology

4. If the answer to #3 is no, then RPS-robust transmission schemes need to be investigated or defined in Rel-11.  These include rank 1 for 2 Tx and ranks 1-3 for 4 Tx

Note that as part of Rel-10, RAN4 has been chartered with the task of defining compliance criteria for RPD. Due to the fact that multiple TX antennas have not really been implemented, RAN4 found that it is difficult to define a RPD conformance parameter. Hence RAN4’s LS has suggested the need to define an FGI bit to signal that UE with declared UL-MIMO capability may not be tested. While it is possible that such FGI bit may be required to be set in Rel-11 once an RPD conformance test can be developed, eNB may not assume any phase continuity at least for now. The answers to steps 1-3 may be well within the scope of RAN4 [3] [4], but step-4 will fall upon RAN1. The uncommitted intention and time line for RAN4 to bring step 1-3 to a closure can make the RAN1 planning very difficult. It is likely that, even with a RPD conformance parameter defined and the associated performance degradation being ruled as acceptable, a UL-MIMO transmission mode that is robust to RPD may still be much welcome to reduce UE implementation complexity/cost. Therefore, we suggest:

· RAN1 to kick off study on UL-MIMO scheme robust to RPD and to align the evaluation assumptions/parameters with those in RAN4. 
4. Rank 1 Transmission Robust to RPD
Uplink spatial multiplexing offers large gains at high SNRs in terms of maximum throughput through multi-layer transmission.  Due to changing channel conditions, either reduced SINR or channel rank, the UE will have to operate with some type of rank 1 transmission scheme.  Depending on the size of the RPD error, an alternative to closed-loop rank 1 precoding may be required.  As a reference point, the results of [4] indicate a +/- 60 degree relative phase error with rank 1 closed-loop precoding results in near single antenna performance while a +/- 30 degree error gives 1-3 %throughput reduction compared to the no error case.  At least based on these numbers, an alternatives rank 1 transmission scheme would begin to be useful when typical errors are between these two values.  Luckily in Rel-10, many candidates of rank-1 transmission schemes have been studied. An overview/recap of them is given below.
1. Baseline Operation (Embracing performance degradation or switch to single-antenna)

Without any standards change, RPD degrades rank-1 precoding gain. But the more important rank-2 gain is still un-affected (for 2-Tx cases). The question is how much the rank-1 performance degradation is acceptable before we introduce any new modes that are more robust to RPD. Such modes will be referred to as being RPD-robust. We see two baseline operations even without any standards enhancement – either take a performance hit or switch to single-antenna mode. If both of alternatives are deemed to be unacceptable in performance, new transmission schemes should be examined.  These are discussed below.  
2. Open-Loop Transmission Diversity

Complete independence from relative phase error can be achieved through the use of an open-loop transmission diversity scheme. A number of techniques have been considered in different contexts including STBC [5], SFBC [6], FSTD [6], CDD [8].  The main disadvantage of many open-loop approaches is, with the exception of CDD, the need for additional RS resources vs. the single resource needed for closed-loop precoding. For 2 Tx one additional resource is required while for 4 Tx, 3 additional resources may be needed. With the future possible proliferation of multi-antenna devices, scarcity of RS resources could be a real problem. 
In terms of signaling impact DCI Format 4 may be reused for open-loop transmission diversity by using one of the reserved code points [8].  Alternatively, a new DCI format 4A could be defined which eliminates the precoding field completely. 

3. Precoder Cycling

Robustness to RPD may also be obtained by cycling through precoding vectors/matrices either across SC-OFDM symbols/slots [8].  Since the eNB needs to be able to re-construct the post-precoding channels, more than a single RS resource is required along with any cycling information required to obtain the post-precoding channels.  
4. Layer Replication

Replicating data across layers was used in Release 10 for uplink control information.  It was shown in [9] that for 2 Tx the combination of pre-FFT replication and bit scrambling was equivalent to sometimes rank 1 transmission of a complex symbol with rank 1 precoding or sometimes rank 2 transmission of the real and imaginary parts of the symbol in quadrature.  Precoding effectively takes place over symbols within an OFDM-SC symbol since each complex symbol’s precoding vector is determined by the corresponding bits of the scrambling sequence.  The performance of such a scheme especially in low SNR conditions needs to be evaluated.  For 2 Tx this approach requires 2 DMRS.
5. Long-Term Precoding

Long-term precoding has been proposed as an alternative to open-loop diversity for PUSCH diversity [8]. The long term spatial correlation of the uplink channel is used to determine a precoding vector for example by selecting the eigenvector with the largest eigenvalue.  This approach has the advantage of only requiring a single RS resource. However it is not clear how well the long-term statistics of the channel as calculated from the SRS represent the channel in the presence of RPD. 
The above schemes have been studied extensively in Rel-10 and we suggest:

· In case an RPD-robust open-loop UL-MIMO scheme needs to be defined in Rel-11 to ease UE implementation, select one of the above candidates based on both performance and DM-RS overhead considerations.
5. Conclusion
This contribution discussed the issue of relative phase discontinuity (RPD) arising from multiple uplink antennas devices which can become more appealing due to increased possibility of obtaining spatial multiplexing gain in small cell deployments.  We suggest:

· RAN1 to kick off study on an RPD-robust UL-MIMO scheme and to align the evaluation assumptions/parameters with those in RAN4.
· In case an an RPD-robust open-loop UL-MIMO needs to be defined in Rel-11 to ease UE implementation, select one of the above candidates based on both performance and DM-RS overhead considerations.
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