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1. Introduction
The following was noted in RAN1#60b - 
PRB bundling means that:
· UE may assume that precoding granularity is multiple RBs
UE is still allowed to perform single-RB channel estimation
Several contributions investigated the impact of PRB bundling on SU-MIMO performance [1]

 REF _Ref257643998 \n \h 
[2]

 REF _Ref260552843 \n \h 
[3]. In this contribution we provide our observations on the impact of PRB bundling on MU-MIMO performance considering orthogonal and quasi-orthogonal DMRS.
2. PRB Bundling with MU-MIMO  

· Transparent MU-MIMO: The impact of PRB bundling on transparent and non-transparent MU-MIMO could be similar. In this contribution we investigate the performance impact assuming transparent MU-MIMO operation.
· DMRS for MU-MIMO : The DMRS configuration for MU-MIMO is a factor when investigating the impact of PRB bundling [1]. In this contribution we consider two DMRS configurations for MU-MIMO (i) Rel-9 type Quasi-orthogonal DMRS and (ii) CDM+FDM orthogonal DMRS. In the case of orthogonal DMRS it is assumed that a DMRS density indication is available at the UE.  
3. Simulation setup
UE selection: MU-MIMO is simulated with four UEs where the best four users are chosen from a set of ten UEs to schedule at a given time (only based on spatial characteristics, not on other characteristics like a proportional fair metric).  

Channel Model: The SCM-E channel model (urban macro with 15 degree angular spread) is used with a mobile speed of 0 kph (to remove the effects of speed from the results). 

Receiver: The mobile uses a LMMSE receiver where the interference is estimated on a per-PRB basis by subtracting out the channel estimate of the desired data stream and then computing a single covariance matrix from the residual signal. The channel estimation is performed by a 1-D MMSE estimator.

Feedback: Two feedback methods are considered, the first is ideal covariance feedback (to simulate sounding based MU-MIMO) and the second is with LTE Rel-8 4 bit codebook.

Results: Figure 1 and Figure 2 show MU-MIMO throughput results for a 4-bit PMI feedback and a covariance feedback scenario respectively. 4Tx ULA with 0.5 λ spacing is used in the simulations. The throughput numbers are computed by integrating link-level throughput curves using 131 geometry (does not include the impact of a scheduler). From the results, it is evident that there is no gain in throughput if orthogonal ports are used for MU-MIMO. The potential gain with non-orthogonal ports is approximately 1%. The results for channel estimation MSE for these cases are presented in the Appendix.
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Figure 1: Throughput results relative to orthogonal DMRS with no bundling, 4b-PMI feedback, 4UE paired. NON-n=Rel-9 DMRS with n-PRB bundling, ORTH-n=orthogonal DMRS with n-PRB bundling. 
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Figure 2: Throughput results relative to orthogonal DMRS with no bundling, covariance feedback, 4UE paired. NON-n=Rel-9 DMRS with n-PRB bundling, ORTH-n=orthogonal DMRS with n-PRB bundling.
4. Conclusions 
In this contribution we studied several aspects with respect to transparent MU-MIMO operation -
· If non-orthogonal DMRS ports in conjunction with transparent MU-MIMO are assumed, PRB bundling can potentially provide a gain in throughput of approximately 1%.
· If orthogonal ports (FDM+CDM) are chosen for MU-MIMO operation and a transparent MU-MIMO operation is assumed there is no gain with PRB bundling.
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APPENDIX
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Figure 3: Channel estimation MSE with 4-bit PMI feedback
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Figure 4: Channel estimation MSE with covariance feedback
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