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1.
Introduction
An essential part of UL single user MIMO is precoding. In respect of SU-MIMO precoding, significant progress has been made in previous 3GPP RAN1 meetings [1]-[4]. On previous RAN1 meetings, several codebook designs have been proposed for rank 3. CM preserving (CMP) codebooks were presented in [5], [7], and [11]. CM friendly (CMF) codebooks were considered e.g. in [6] and [7], both with layer scaling equalizing the transmitted power over layers. Hybrid of CMF and CMP codebooks was also considered in [9], [10]. As stated in our previous contributions, our preference is CMP codebook  due to its performance both in power limited and non-limited situations as well as somewhat simpler system design [12] when all ranks are considered. 
Joint assessment of CM property and performance was requested for rank 3 on RAN1 meeting #58. In [13], we showed that rank 3 transmission can be frequently power limited in particular with low traffic load when SINR values suitable for rank 3 are more frequently reached and wide bandwidth allocations are frequently used.  In RAN1 meeting #58 bis [14], it was left for further study whether low or high traffic load is the target SU-MIMO scenario in particular for rank 3. LS on implication of CM difference on transmit power and PA efficiency [15] was sent to RAN4 on RAN1 meeting #58. While waiting for the RAN4 response on the LS, which is needed before progress on the codebook design can be made, we focus on identifying the target scenario for rank 3 SU-MIMO.   
2.
Simulation results and discussion
In the simulations, full buffer traffic model was used for modelling the high load scenario. Low load and fractional load scenarios were modelled by using Poisson arrival process and varying the offered load. Simulations were made for  Case 1 with urban macro channel. On the simulations, CM-preserving codebooks were used. Other simulation parameters are tabulated in Table 1 on Appendix.
Probability that UE is scheduled with rank 3 transmission is shown in Figure 1 for different traffic loads. Rank-3  probability can be noted to be rather small for all traffic loads, but especially for full buffer case. Rank 3 transmission probability with full buffer is roughly half of that with low load. It can also be noted that the rank 3 probability decreases with increasing amount of traffic. 
With shown rank 3 probability, one can expect that rank-3 transmission provides only a modest improvement on average cell throughput. Clearly the main target use for rank 3 is not average cell throughput improvements. Instead, the rank 3 target use case is  to provide enhancements for UEs peak data rates
 either by increasing coverage for a given (high) data rate or by increasing peak data rate for given coverage.  

Average number of allocated PRBs per user is shown in Figure 2. The difference between full buffer and low load cases is striking. In the case of full buffer, roughly 5 PRBs are on average allocated for an UE; in the case of 1 Mpbs Poisson traffic, roughly 40 PRBs, which is almost the full PUSCH bandwidth, are allocated on an UE. 
For UE to achieve peak data rates it needs to have wide bandwidth allocation and sufficient SINR for transmissions with high spectrum efficiency, such as rank 3. In the full buffer case, rank 3 transmission is infrequent and allocated bandwidth per UE is below 1 MHz on average. Clearly the full buffer case or high traffic load are not target scenarios for a peak data rate enhancement such as rank 3. On other hand, rank 3 is more frequent and bandwidth allocations are frequently wide with low traffic load. Clearly low traffic load is suitable target scenario for rank 3 SU-MIMO.    
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Figure 1. Probability for rank 3 transmission in Case 1.
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Figure 2. Average number of PRBs allocated per user in Case 1.
3.
Conclusions
In this contribution, we stated our preference for CM preserving rank 3 codebook, although also agreed that RAN4 response to LS [15] is needed before progress on the rank 3 codebook design can be made. 
We pointed out that the target use for rank 3 SU-MIMO transmissions is to enable enhancements for practical peak data rates in terms of either increased coverage for given data rate or increased peak data rate for given coverage.  With such target use we concluded, based on simulation results, that low traffic load is the target scenario for rank 3 SU-MIMO. 
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Appendix 
Table 1 Simulation parameters. 
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Simulation case Case 1

Layout 19 sites w/ wrap-around

Carrier center frequency 2.0 GHz

System bandwidth 10 MHz

Effective bandwidth 9 MHz (50 PRB)

PUSCH bandwidth 46 PRB

Traffic models 

Full buffer, FTP (2 Mbit file size) with Poisson arrival (arrival rate of 0.5, 1 

and 2 users/second/sector, corresponding to an offered load of 1 Mbps, 2 

Mbps and 4 Mbps)

Number of UEs  / sector  10 for full buffer

Power control  FPC (α = 0.6, P0 = -58 dBm for full buffer, adaptive P0 for Poisson traffic)

Scheduler PF

Velocity 3 km/h

Channel Urban Macro NLoS channel 

Tx-Rx antenna configuration 4x4

Antenna arrangement

Cross-polarized antenna elements, antenna element seperation 1/2 lambda 

both at UE and at eNB, ± 45 degrees

Receiver MMSE

Channel estimation Ideal

Sounding method Ideal

Modulation QPSK, 16-QAM, 64-QAM

Coding Rate 1/10 (QPSK), 1/6 (QPSK), 1/4 (QPSK), 1/3, 1/2, 2/3, 3/4, 5/6, 8/9 (64 QAM)

HARQ transmission max 4 transmissions

Codebook CMP

Rank adaptation enabled































































































� Rank 4 of course provides the nominal peak data rate for LTE-Advanced uplink. In here, we refer with peak data rate to the highest date rates that UE can achieve in normal cellular environment.  





