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1. Introduction

In RAN#43, a new work item on Enhanced DL transmission for LTE [1] was approved to further evolve the LTE Rel-8 single-layer beamforming based on UE-specific reference signals (or dedicated reference signals, DRS) to support dual-layer beamforming using UE specific RS for both LTE-TDD and FDD in Rel-9. The new enhanced features and capabilities proposed should be backwards compatible with networks and UEs compliant with LTE Release 8, and should aim to be an extension of the beamforming in Release 8. It has been agreed to at least introduce SU-MIMO in the defined framework with the possible addition of enhancements for MU-MIMO with beamforming in TSG RAN#44. 

In this contribution we discuss some views on the scope of this WI, its impact on specification, and intersection to LTE-A enhanced MU-MIMO and CoMP techniques. 
2. Scope 
The WID defines the extension of single-stream DRS-based beamforming to dual-stream DRS-based beamforming as the first-phase goal and a possible expansion of scope to MU-MIMO. With respect to MU-MIMO, we have the following observations:
· Rank-1 transmission to multiple users in the context of MU-MIMO is allowed in Rel-8, but based on CRS and PMI-based precoding.
· DRS-based rank-1 transmission to multiple users in the context of MU-MIMO is already possible, if eNB can mitigate the cross interference between UEs so that each UE does not need to be aware of the MU-MIMO transmission. Such precoding may be possible with a sufficiently good quality of DL channel information obtained, for example, from Rel8 SRS in case of TDD. 
· Similarly, once dual-stream DRS is defined for rank-2 SU-MIMO, technically MU-MIMO transmission with rank-2 per UE is also possible without UE’s awareness of the MU-MIMO transmission.
· Once the dual-stream DRS pattern is defined, it is also possible to support MU operation with rank-1 per UE and enable interference channel estimation and interference cancellation receiver implementation at each UE.

· For CoMP operation as being discussed in LTE-A, from a demodulation perspective at least, there is no difference between single-cell or CoMP operation in DRS-based rank-1 or rank-2 SU/MU-MIMO operation. So it seems that migration to LTE-A CoMP can be seamless, at least from the perspective of demodulation.
3. Single-cell MU-MIMO Performance 

Some throughput results of single-cell MU-MIMO performance have been reported in [2], which are reproduced in Figure 1 below.
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Figure 1. Single-cell MU-MIMO Performance with DRS-based Transmission (left: rank-1 per UE, right: rank-2 per UE, for 2-UE MU operation)
In this simulation, we focus on 
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antennas at eNB with precoded MU-MIMO transmission to two UEs, each of which has two receive antennas and receives rank-1 transmission. We used SCM channel models and a ULA antenna array with 
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. Scheduling and precoding are performed assuming full-band (10 MHz) allocation. We investigated the performance with different levels of feedback information and link adaptation assumptions. The operation modes considered are listed in Table-1:

Table 1. Possible Enhanced Operational Modes for MU-MIMO 

	Operation Mode
	UE Feedback (CQI/PMI) 
	UE Receiver
	eNB UE Pairing
	eNB Precoding Scheme

	“MRC+PMI”
	Same as SU-MIMO with MRC
	MRC
	Pairing UEs with orthogonal PMI
	8-Tx Equal-gain Codebook 

	“MU-aware MMSE + PMI”
	UE feeds back PMI with best average SNR metric as CQI – The SNR metric for each PVI is obtained with MMSE receiver assumption and then averaging over all possible pairing PVIs
	MMSE-IC
	Pairing UEs with orthogonal PMI 
	8-Tx Equal-gain Codebook, eNB informs both UEs of the pairing UE’s PVI

	“Eigen-space – V” 


	V from R=VΔVH (Assuming eNB has “V”, e.g., from TDD sounding)
	MMSE-IC
	Using maximum Chordal distance (between precoding weights)


	DRS-based

UE to construct the post-precoding channel for both streams

	“covariance matrix – R”
	

R=ΣHiH Hi

(Assuming eNB has “R”, e.g., from TDD sounding)
	MMSE-IC
	Based on approximate sum capacity given R
	Same as above


A few observations can be obtained:

· Even though the results are based on UE feedback in the context of FDD systems, the simulated MU-MIMO precoding schemes can be realized easily for TDD as well with SRS. For example, the estimation of “wideband” transmit correlation matrix R, or its eigenvectors V, can be easily obtained based on SRS transmission in TDD.

· MU-MIMO precoding based on spatial covariance matrix R can deliver significant gain (>50% at 8dB, >100% at 18dB SNR), especially for correlated transmit antenna cases.
· IC receiver for UE can mitigate any residual cross-user interference, especially when eNB cannot ensure the level of such residual interference due to imperfect/mismatched spatial knowledge. However, at least for the case with ideal spatial covariance matrix at eNB, where precoding can ensure low cross interference, the gain of interference cancellation receiver seems to be negligible.

4. Impact on Specifications

 Based on performance results, it seems desirable in Rel9 to define:
· Dual-stream DRS pattern to support both rank-2 SU-MIMO and rank-1&2 MU-MIMO in a single-cell/point transmission 

· Appropriate DL control mechanism (e.g.,  DCI format) to support extended mode-7 transmission 
DRS pattern

As to DRS pattern to support dual-stream, a straightforward extension from existing port-5 DRS is illustrated in Figure 2.
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Figure 2 – 2-port DRS example for dual-stream transmission serving as rank-2 per UE in SU-MIMO, rank-1 per UE in MU-MIMO with IC enabled, or rank-2 per UE in MU-MIMO) 

A few remarks on the above simple design:

· Rank-1/2 transmission can be supported with a typical 2-Rx receiver. SU/MU rank-1/2 transmission modes can be also seen in various channel conditions, thus it is important to design the RS pattern with good channel estimator performance. 

· Given the existing port-5 DRS density, it makes sense to maintain the same density for the additional port, which results in a total of 24 DRS in each RB. 

· DRS are on the different OFDM symbols from existing CRS in Rel8 subframes, which means the same RS pattern can be used for both Rel8 and LTE-A subframes. 

· This DRS pattern with a total of 24DRS per RB is shown to be a decent LTE-A option to support 4x4 and 8x8 [4], because the overhead analysis shows that in order to meet the DL peak spectral efficiency requirement of ITU-R (15bps/Hz for 4x4) or LTE-A (30bps/Hz for 8x8), the maximal number of total DRS must be within 32~36 per RB.       

DL Control Design 

A companion contribution [3] details the DL control design. In that document, the principles of Rel-8 single-layer beamforming control signaling is extended to new DCI formats (2B, 1E) and transmission modes for efficient support without any increase in the number of blind decodes. 

Additional transmission modes can be introduced to support each SU-MIMO beamforming or MU-MIMO beamforming or alternatively a single additional transmission mode can be introduced to support both SU-MIMO and MU-MIMO beamforming with UE-specific RS. This enables dynamic switching between the two transmission schemes and associated scheduling benefits.
FDD Feedback vs. TDD Sounding 

With TDD sounding as defined in Rel8, it is feasible to perform advanced precoding/beamforming to support enhanced DRS-based SU and MU operations. For FDD, Rel8 already has rank-1/2 SU and MU support. However, without enhanced feedback, it seems that the Rel8 PMI-based MU-MIMO cannot achieve the large gain observed from non codebook based precoding. Enhanced feedback is currently being discussed in LTE-A for both single-point and multi-point transmissions [5]. 
5. Conclusion

In this contribution we discussed some views on the scope of this WI, its impact on specification, and intersection to LTE-A enhanced MU-MIMO and CoMP techniques.  In particular, based on some previous performance results, it seems desirable in Rel9 to define:
· Dual-stream DRS pattern to support both rank-2 SU-MIMO and rank-1&2 MU-MIMO in a single-cell/point transmission 

· Appropriate DL control mechanism (e.g.,  DCI format) to support extended mode-7 transmission
· Other necessary mechanisms to support the enhanced beamforming operations, particularly the operations that can exploit channel reciprocity (e.g., TDD), where existing Rel8 sounding mechanism can be employed. 
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