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1. Introduction

In the RAN1 #47bis meeting in Sorrento, there was a discussion on using dedicated reference signals for beamforming [1]. Dedicated reference signals are weighted using the same weights as the beamformed data signals. In contrast, common reference signals are orthogonal signals transmitted from each antenna. For beamforming, dedicated reference signals are preferred in order to achieve beamforming merits such as extended range. In contrast, it was argued that common reference signals are preferred for precoding techniques.

Recent MU-MIMO contributions [2][3][4] have shown the potential of so-called zero-forcing precoding techniques in which precoding vectors are computed at the NodeB which minimize interbeam interference experienced by users. While this class of MU-MIMO techniques could operate with only common reference signals, we describe how dedicated reference signals could be used and how they could provide many advantages.  

2.  Outline of MU-MIMO precoding implementation

The MU-MIMO techniques that use zero-forcing (ZF) precoding can be implemented using the following steps.

A. Common reference signals are transmitted from the NodeB, and each UE estimates its MIMO channel.

B. Each UE feeds back to the NodeB an index for its preferred precoding vector and CQI. These precoding vectors are the columns of one or more unitary matrices. We refer to these as basis vectors.
C. The NodeB determines the users to serve and computes their respective ZF precoding vectors. The number of simultaneous users is at most M, the number of transmit antennas. Hence the maximum number of precoding vectors is also M. These ZF precoding vectors are a function of the requested basis vectors in step B. 

D. Each UE estimates the coefficients of its equivalent channel (concatenation of ZF precoding vector and MIMO channel).

E. Each UE detects its own data signal using estimates of the equivalent channel from step D.

Step D can be accomplished using one of three options.
1. Signaling of ZF vectors. The NodeB signals to each UE its ZF vector. Based on an (possibly updated) estimate of the MIMO channel from step A, and using knowledge of the ZF vector signaled by the NodeB, the UE can then estimate the equivalent channel.
2. Signaling of basis vectors. The NodeB signals to each UE the basis vectors used for transmission. This could be done with the same indexing the UE used in signaling its desired basis vector in step B. Each UE, using knowledge of which vector it requested in step B, would compute its ZF vector locally. Then, similar to option 1, the UE can estimate the equivalent channel using an estimate of the MIMO channel and using the computed ZF vector. 

3. Dedicated reference signals. The NodeB transmits a reference signal corresponding to each of its computed ZF vectors. The NodeB would also notify each UE its desired reference signal, most likely by using the scheduling information to associate a resource element with a given UE. Each UE could directly estimate its equivalent channel based on its desired dedicated reference signal. 

3. Advantages of dedicated reference signals for MU-MIMO precoding

Option 1 above would require a control channel with significant resolution, and there would still be the possibility of receiving this control signal in error, resulting in an inaccurate estimate for the equivalent channel. We consider this option unfavorable and do not consider it for the remainder of the contribution.

In comparing options 2 and 3, we notice several relative advantages of option 3.

A1.
The range of the dedicated reference signal is extended compared to the common reference signal. This is because the beamforming pattern focuses the power of each dedicated reference signal along the direction of the main beam, whereas the common reference signals are transmitted with the same power on all directions. This property of the dedicated reference signals can be exploited to increase the cell edge throughput and coverage as pointed out in [1].

A2.
Estimation of the equivalent concatenated channel can be more accurate using the dedicated reference signals compared to estimating it based on the computed ZF vectors and the channel estimate from step A. In fact, in the latter case error propagation issues should be considered when multiplying two estimated matrix/vector quantities.

A3.
Dedicated reference signals give the Node B the freedom to use more sophisticated precoding techniques that require information other than the requested basis vectors. For example, one could use an estimate of the AWGN power to perform “MMSE-type” beamforming. In this case, under option 2, the NodeB would have to signal the UEs this additional information for computing the precoding vectors.

A4.
Dedicated reference signals better support the simultaneous use of different codebooks, or different codebook sizes by different UE’s. In fact, with dedicated pilots, a UE need not know which codebooks the other active users have used for their feedback generation. Conversely, when signaling the basis vectors (option 2) the codebooks in use by the active users have to be indicated as well. 

A5.
Option 2 has additional complexity because the computation of the ZF vectors must be done locally at each UE.

A6.
Option 2 has the possible disadvantage that the signaled basis vectors could be received in error at the UE, hence additional redundancy for error protection has to be considered. 

4. Required specification to support dedicated reference signals

The specification of the dedicated reference signals could be done similarly as for the case of beamforming [1]. However, MU-MIMO would need dedicated reference signals for each precoded stream. And as mentioned earlier, the NodeB could transmit up to M streams, where M is the number of transmit antennas. (In [1], the assumption was to have only a single beam per sector.) 

Dedicated reference signals would still require signaling from the Node B to the UEs to indicate the number of precoded streams and the desired reference signal for each user. This signaling could be done as part of the usual scheduling information, without need of additional overhead. In fact, in [5, Sec. 5.2] a resource element is identified in a time-frequency grid for each available antenna “port”, i.e. the association between a resource element and a dedicated reference signal is already conveyed by the scheduling information. However, this signaling would be less than that required under option 2. 

The mapping of dedicated reference signals would depend on the number of precoded streams. This mapping would need to be designed to minimize the number of “wasted” time-frequency blocks and to minimize the NodeB-to-UE signaling described above.
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Figure 1.
Mapping of downlink dedicated reference signals. Three precoded streams are considered in this example. We note that the mapping as shown here is similar to the one shown in Figure 2 of [1].

5. Conclusions

To support MU-MIMO with zero-forcing precoding, we propose that dedicated reference signals be used in order to facilitate the estimation of the concatenated precoder-MIMO equivalent channel by the UEs. Several advantages of using dedicated reference signals in the context of MU-MIMO have been given, and we feel the specification of this technique can be done in a straightforward manner. Furthermore, this specification is compatible with the dedicated reference signal specification proposed in [1] for beamforming. In conclusion, we recommend the use of dedicated reference signals for both beamforming and MU-MIMO precoding.    
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�PAGE \# "'Page: '#'�'"  ��  Step D is likely to occur before (or during) this.


�PAGE \# "'Page: '#'�'"  �� Maybe it’s worth explaining this point a bit more, as it may not be obvious to everyone


�PAGE \# "'Page: '#'�'"  �� We don’t know for sure yet what granularity of the dedicated reference signals is needed to make this estimate more accurate compared to the other method. Maybe “can” sounds better here…
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