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1 Introduction

The following agreement on CSI assumption for ITU-R evaluation was agreed in RAN1 #57bis meeting [1]

· It is proposed to assume that the base station(s) has access to the long-term, wideband, spatial channel information, e.g., the transmit channel covariance matrix, to all UEs served by the CoMP cooperating set, which can range from a single base station, to multiple base stations.
· It is assumed that the long-term, wideband, spatial channel information such as transmit channel covariance matrices or angular information can be obtained, for example, from uplink measurements (based on e.g., SRS) or by feedback with an average feedback overhead similar to that in Rel-8.

· It is assumed that short-term and/or narrowband channel state information (PMI, transmit covariance matrix, channel transfer function, etc.) can be obtained, for example, from uplink measurements (based on e.g., SRS), and/or by feedback with the average feedback overhead to be described in the evaluation results.

In this contribution, DL MU-MIMO with coordinated beamforming based on long-term wideband transmit covariance matrix is studied. Based on the system simulation results it is found that the ITU-R performance requirement (in particular UMi and UMa scenarios) could be met with the long-term transmit covariance based beamforming scheme.
2 MU-MIMO (single-cell/non-CoMP)
For a single-cell transmission, consider a two-user system where the receive signal is given by 
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where F1 and F2 are the precoding matrices for user 1 and 2,  s1 and s2 are the data vectors for user 1 and 2, Hj is the channel matrix from the eNB to the j-th user,  and n1 and n2 are the interference and noise with covariance matrix 
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 . The design principle of MU-MIMO is to obtain precoding matrices F1 and F2 to minimize, or completely pre-cancel the inter-user interference
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while achieving a good system performance for the effective single-user channel 
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2.1. Precoding Solutions

Assuming base stations have access to the long-term, wideband, spatial channel information, e.g. the transmit channel covariance matrix 
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, where i is the index of UE. A number MU-MIMO algorithms are possible with the transmit covariance information, e.g. block diagonalization (BD), maximum signal to leakage ratio (SLR) beamforming, etc. In the following several examples of MU-MIMO beamforming algorithms (non-CoMP) are reviewed. Consider a hypothetical set of two users where the long-term transmit covariance matrix is given by 
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· Block diagonalization: Consider user 1. The algorithm for user 2 follows reciprocally. The principle idea of BD is to project the precoding matrix into the null space of a co-scheduled user such that inter-user interference is pre-cancelled at the eNB.
· Step 1: Obtain the null space basis V1 of the interference covariance R2, i.e. 
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· Step 2: MU beamforming vector of user 1 is obtained as 
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 is the dominant/principle eigen-beamforming vectors on the post-processing effective SU channel 
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· Maximum Signal-to-Leakage Ratio beamforming (SLR):
The SLR BF vectors are designed to maximize the ratio of the desired signal received at the target user and the interference cause to a co-scheduled user in the same frequency resources (e.g. leakage). Assuming the interference and noise covariance at the victim user (e.g. user 2) as R2,n, the BF vector of user 1 can be derived in closed-form as 
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2.2. Discussion
It is noted that BD algorithm aims to completely pre-cancel the inter-user interference at the base station such that the UE does not need to perform any additional interference mitigation. SLR beamforming, on the other hand, allows a certain level of residual interference for tradeoff of a more flexible beamforming design. Nevertheless, due to channel frequency-selectivity, inter-user interference may not be completely removed regardless of the exact form of precoding scheme. In this case, residual inter-user interference could be further mitigated at the mobile terminal relying on the UE-specific interference suppression measures.
The post-processing CQI prediction for link adaptation can be readily obtained by the transmit covariance matrix 
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 and the specific precoding vectors
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. If frequency-selective (sub-band) CQI reporting is configured, frequency-selective link adaptation can be performed. It is then perceived that the reported CQI captures the short-term SINR variation across sub-bands.
3 MU-MIMO with Coordinated Beamforming
Assuming a CoMP coordination set 
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 where N is the coordination set size and 
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is the index of the i-th cooperating cell. A straightforward solution for coordinated beamforming is to perform multi-stage iterative MU precoding update across different cells. That is, in the n-th iteration, the beamforming vectors of the i-th cell is updated based on the beamforming vectors of coordination set 
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 in the (n-1)-th stage.  This iterative multi-stage could be repeated for a pre-configured number of times or until the precoding/scheduling decisions are sufficiently stable. Likewise, a short-term narrow-band interference power of all cells outside of the coordination set 
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could be reported for CQI prediction purpose. 
It should be noted that the scheduling decision (e.g. UE pairing) in each cell could be optimized together with the beamforming vectors. 

Alt 1: UE pairing in each cell is determined in the first iteration. In the subsequent iteration, UE pairing is fixed, whereas the beamforming vectors are updated based on the predicted interference and beamforming vectors of the cooperation set.

Alt 2:  In each iteration, UE pairing as well as the beamforming vectors are jointly updated based on the previous iteration. This allows for more optimized UE pairing and scheduling gain, at the cost of higher computational complexity.
System simulation results for ITU urban micro and ITU urban macro scenarios are given in Table 1 for the above iterative coordination scheme. A semi-static MU pairing is assumed where two UEs are paired in the same sub-band. BD is used to derive the MU-MIMO beamforming vectors. A cooperation set of 3 co-site sectors are applied, hence no inter-site coordination is performed. N = 3 iterations are conducted in coordinated beamforming, where in each iteration the UE pairing decision is jointly updated with the beamforming vector derivation (Alt 2). It is observed that the performance target of ITU UMi and UMa scenarios can both be satisfied, under the agreed simulation assumption [1].
	Minimum technical requirements item
	Scenario
	MU-MIMO w/ coordination

(Long-term Covariance)
	Target

	Cell average spectral efficiency(bps/Hz)
	Urban Micro
	3.09
	2.6

	
	Urban Macro
	2.44
	2.2

	Cell edge spectral efficiency(bps/Hz)
	Urban Micro
	0.086
	0.075

	
	Urban Macro
	0.067
	0.06


4 Conclusions

In this contribution we illustrate a DL MU-MIMO coordinated beamforming solution based on long-term wideband transmit covariance matrix. 
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