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1 Introduction

 In RAN1 #59bis, we have the following conclusions on MU dimensioning [1]:
For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· Alt1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· Alt2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one?).

· Note that in any case Transmission Mode 8 will remain specified in Rel-10. 

Alt2 basically allows Rel-9 type of MU-MIMO transmission with two groups of DMRS separated in a quasi-orthogonal manner by means of the scrambling sequence.  Although this type of MU-MIMO is defined in Rel-9, it seems that no performance study was done before to assess performance of this type of MU-MIMO with codebook based feedback.  
In [3], preliminary performance study was done to compare the performance of orthogonal DMRS and quasi-orthogonal DMRS with rank-1 MU under 4Tx antenna setup.  It was observed that performance loss with quasi-orthogonal DMRS is significant in that setup.  In this contribution, we perform some further simulation considering MU-MIMO with pairing of two rank-2 UEs under 8Tx antenna setup.   
2 Simulation Setup

Link-level simulations of MU  were performed to compare the performance in following cases.

· Alt 1a: 4 orthogonal DM RS ports and 1 scrambling sequence are defined, 24 DMRS REs, OCC length=2
· Alt 1b: 4 orthogonal DM RS ports and 1 scrambling sequence are defined, 12 DMRS REs, OCC length=4
· Alt 2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9, 12 DMRS REs, OCC length=2

In all cases, 2D MMSE channel estimation is used to estimate UE’s own channel.   Two types of receivers are used: MMSE-IRC receiver and MRC receiver. 

· When MMSE-IRC receiver is used, 2D MMSE channel estimation is done to estimate the interfering channel as well.  Estimated interfering channel is used to construct interference covariance for MMSE-IRC receiver.  However, both channel estimation and interference estimation are done under the influence of interference from quasi-orthogonal DMRS of the co-scheduled UE in Alt 2.  

· When MRC receiver is used, receiver is only aware of inter-layer interference by user’s own transmitted layers.  However, interference suppression is not done for inter-user interference (i.e. MRC to the inter-user interference).  
More details of common setup of all cases are listed below:
· This link level setup basically simulates one link only.  Spectral efficiency of one UE is recorded.
· The UE feedback is based on the Rel-8 type of feedback.  i.e. SU CQI/PMI feedback is used.  Rank is fixed to 2.
· MU interference is generated by randomly choosing from the PMI list which is orthogonal to the reported PMI.  
More simulation assumptions can be found in appendix.  
3 Simulation results
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Figure 1: Performance of MU with 2 rank-2 UEs with orthogonal DMRS and quasi-orthogonal DMRS at UE speed of 3km/h [Left] and 30km/h [Right] under UMa channel.  MMSE-IRC receiver is used at UE.
Figure 2: Performance of MU with 2 rank-2 UEs with orthogonal DMRS and quasi-orthogonal DMRS at UE speed of 3km/h [Left] and 30km/h [Right] under UMa channel.  MRC receiver is used at UE.
Link level simulations were performance under UMa channel with two different UE speeds and the results are shown in figure 1 and 2.  It can be observed from the simulation results that there is a large performance gap between the cases with orthogonal DMRS and quasi-orthogonal DMRS.  With quasi-orthogonal DMRS, MRC is often used at UE by treating the interference from DMRS with the other sequence as AWGN.  It can be seen that performance gap is larger than the typical MMSE-IRC and MRC performance comparison.  The performance loss is mainly due to the inaccuracy of channel estimation under the interference of paired quasi-orthogonal DMRS.  If we try to perform MMSE-IRC by doing interference covariance estimation, the performance improves but the gap is still large as the interference covariance estimation accuracy is not good under quasi-orthogonal scenarios.  The performance gap exists even in correlated channel.
In ideal scenario, the separation of two DMRS can be done with orthogonal MU pairing in which transmit weight of the interfering user is orthogonal to the UE’s own channel.  However, because of the inevitable feedback impairments (e.g. quantization error introduced by codebook, delay error), interference exists even the reported PMIs of the two co-scheduled users are orthogonal.  The interference can be reduced by using different scrambling codes.  However, orthogonality provided by the two scrambling codes is weak especially when the precoding granularity is small (e.g. one RB) and hence the performance can’t improve much.   It is also noted that the performance loss is larger when UE speed is 30km/h.  
Between Alt 1a (OCC length=2) and Alt 1b (OCC length=4), Alt 1b has better performance some cases (e.g. high SNR and low speed)  mainly due to lower DMRS overhead.  However, channel/interference estimation accuracy of Alt 1b is worse than that of Alt 1a because of lower DMRS power and density for each layer.  Alt 1b performs worse in medium speed because of worse performance with CDM across symbols with larger time distance.  Also, compatibility with SU and UE complexity is higher for Alt 1b.  
In terms of downlink control signalling overhead, Alt-2 costs 1 bit to inform UE which sequence is used.  Some other contributions[2] show that the control signalling overhead cost to support 4 orthogonal DMRS is very little.  It can be shown that one extra bit is sufficient on top of the 3bit for SU (SU rank1-8 states) and the standardization impact can be small too. 

4 Conclusion

In this contribution, we did study on MU performance with quasi-orthogonal DMRS by means of the scrambling sequence.  According to the simulation results, the performance loss comparing with orthogonal DMRS is significant.   There would be no/little gain to support higher order MU-MIMO in most of the cases with quasi-orthogonal DMRS especially with codebook based feedback.  
To conclude, we prefer Alt1 to support high order MU-MIMO,  i.e.
· 4 orthogonal DM RS ports and 1 scrambling sequence are defined
· Exact DMRS pattern and OCC length can be FFS
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Appendix: Simulation parameters 
	Configurations
	Values

	Carrier frequency (GHz)
	2

	Antenna Configuration
	8x4, cross polarized antenna at both eNB and UE, 0.5( spacing

	Propagation model
	Urban Macro (3km/h,  30km/h) 

	# Control symbol
	3 

	Number of PRBs
	4

	Channel estimation
	2DMMSE 

	Receiver Type
	MMSE-IRC/MRC

	Link adaptation 
	Rel-8 SU CQI and PMI feedback based on 8Tx codebook[4], MCS adjusted by ACK/NACK

	PMI/CQI Feedback delay
	3ms

	PMI/CQI Feedback interval
	3ms

	PMI/CQI granularity
	4RB

	UE Rank
	Fixed to 2

	Number of multiplexed UEs
	2



































