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1 Introduction 
In RAN1#59 there was some initial discussion of the signalling requirements for MU-MIMO, including whether or not MU-MIMO should be transparent to the UE in the sense that no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB.
In RAN1#59bis, it was further agreed that 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 

It was also noted that two alternatives are to be studied:

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

· 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 TM8 will remain specified in Rel-10. 

Our initial views on MU-MIMO transparency were outlined in [1]. In this paper we discuss further details of the potential impact of MU-MIMO on the DCI signalling. 
2 DCI signalling considerations for MU-MIMO
2.1 DM-RS ports / scrambling sequences used for other UEs

In Rel-9 dual-layer beamforming, transparent MU-MIMO is provided by means of two DM-RS ports that are orthgonal in time/frequency and two non-orthogonal scrambling sequences. The UE is told explicitly which DM-RS port(s) to use and which scrambling sequence to use for its own signal reception. No explicit information is provided in respect of any DM-RS port or scrambling sequence used by another UE in the same RBs.

In the case of transparent MU-MIMO, either UEs take no account of interference from transmissions to other UEs, or if they do, they have to detect blindly such transmissions. 
On the other hand, if MU-MIMO is non-transparent, UEs that wish to cancel or mitigate interference from transmissions to other UEs can do so without first having to perform a blind detection of such transmissions, at the expense of some downlink overhead for the signalling. 

Following the agreements at RAN1#59bis, it should not be expected that any UE would take into account interference from transmissions to more than 3 other UEs. Therefore blind detection of the presence of transmissions to other UEs may not be excessively complex, by checking the other possible DM-RS ports and scrambling sequence. Moreover, the signalling overhead to indicate which DM-RS ports and scrambling sequence were used by other UEs would require 3 additional bits in the DCI messages. 
We therefore believe that the restriction to 4 co-scheduled UEs (at least in terms of explicit signalling design) agreed in RAN1#59bis obviates the need for explicit signalling in the DCI messages to indicate the presence of co-scheduled UEs. Moreover, the possibility to use zero-forcing type precoding approaches (thanks to the precoded DM-RS) and best-companion PMI feedback should reduce the impact of intra-cell interference with MU-MIMO. 
2.2 Modulation schemes used for other UEs

Further information, such as the modulation scheme used for transmissions to other UEs to aid interference cancellation, would increase the additional DCI overhead by a further 6 bits (2 bits per UE). 

Such an overhead would be excessive given the limited proportion of UEs that would be likely to make use of such information. 

2.3 Resource Allocations used for other UEs

The resource allocations for co-scheduled UEs is another possible aspect of signalling for non-transparent MU-MIMO. However, a very large signalling overhead would be incurred if complete scheduling flexibility were to be provided for each of the co-scheduled UEs. Therefore we propose that the UE should be able to assume that the resource allocation of any co-scheduled UE is the same as its own. 

2.4 Power offsets

If the UE can assume that the same EPRE is used for the UE-specific DM RS as for its own data, then there is no need for explicit power offset signalling. Whether this is the case depends partly on the decision as to whether MU-MIMO for 4 users is effected by means of 4 orthogonal DM RS ports or by 2 orthogonal DM RS ports and 2 scrambling sequences. In the former case (4 orthogonal DM-RS ports), 2 ports are in FDM with the other 2 ports. It would still be possible in this case to specify that the UE can assume that the same EPRE is used for the DM-RS as for the data, but this would deny the eNB the possibility to boost the DM-RS by 3dB to improve the channel estimation. 

We therefore propose that if 4-UE MU-MIMO is to be implemented by means of the 4 orthogonal DM-RS ports, then 1 bit should be provided (as in Rel-8) to indicate whether a 3dB power offset exists between the DM-RS and the data. This indication would apply to both layers in the case of one UE being scheduled for 2-layer PDSCH in MU-MIMO (i.e. it is not necessary to provide one separate bit per layer). 
3 Conclusions

We have reviewed the DCI signalling requirements for MU-MIMO in the light of the agreements made so far in RAN1 regarding MU-MIMO dimensioning and DM-RS design. 

We propose:

1. The signalling overhead of indicating which DM-RS ports / scrambling sequences are used for transmissions to other UEs is too great to be worthwhile. 
· UEs that wish to mitigate interference from transmissions to other UEs can do so by blind detection of such transmissions.

2. The signalling overhead of indicating the modulation schemes of transmissions to other UEs is too great to be worthwhile.

3. UEs should be able to assume that the resource allocation(s) of any co-scheduled UE(s) are the same as their own. 

4. If 4-UE MU-MIMO is to be implemented by means of the 4 orthogonal DM-RS ports, then 1 DCI bit should be provided (as in Rel-8) to indicate whether a 3dB power offset exists between the DM-RS and the data. This indication would apply to both layers in the case of one UE being scheduled for 2-layer PDSCH in MU-MIMO (i.e. it is not necessary to provide one separate bit per layer).
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