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1 Introduction

This contribution discuss what MIMO information is needed to be transmitted in the PDCCH to support precoding in both SU and MU MIMO where the precoding potentially is frequency selective. For transmit diversity schemes, the same downlink signalling as for SIMO can be used and is thus not the scope of this contribution. 
A single bit confirming the PMI from the UE seems to be a viable approach to allow for frequency selective precoding with minimum signalling overhead, if it is complemented with some fallback solution in the exception that the eNB suspects an error in the PMI. For MU-MIMO, several companies has independently reported that the knowledge of interference precoding vector at the UE is beneficial and the signalling of the interfering precoding vector can be supported by the proposed structure as will be shown below.
The current relevant working assumptions are, for SU-MIMO

· Frequency selective precoding (4-6 RB per RB group) or wideband precoding
· The same MIMO transmission rank is used for all scheduled RB 

For MU-MIMO, the related working assumptions are

· Explicit signalling of the used precoding vector for a scheduled UE is allowed
· Other possibilities are to be aligned with the conclusion of SU-MIMO case
· Signalling of the interference vector(s) is FFS
· Indication of the power share for a UE among the scheduled UEs on the same set of frequency resource in the same subframe is FFS
· Detailed signalling scheme is FFS
· The conclusion on the UE-specific RS-to-PDSCH power offset signalling should preferably be reused. 
· Taking into account the subframe-wise power variation… 
This contribution discuss the necessary content in the PDCCH to support MU-MIMO and SU-MIMO using precoding.
2 MIMO precoding content in the PDCCH 

It is desirable if the MIMO signalling in the PDCCH for SU-MIMO and MU-MIMO is as similar in size as possible. We show below that if some practical limitations of the scheduling flexibility of MU-MIMO is introduced, the overhead for SU-MIMO and MU-MIMO PDCCH becomes similar and can be described with the same structure, see Figure 1.
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Figure 1 MIMO information bits in the PDCCH (excluding TB size, HARQ and MCS bits for 2nd codeword).
2.1 SU-MIMO

For SU-MIMO, most PDCCH content proposals seem to favour an approach where the eNB simply acknowledge the PMI reported by the UEs [6]

 REF _Ref177866270 \r \h 
[7]

 REF _Ref177866271 \r \h 
[8]. This seems reasonable since otherwise the downlink PMI signalling would most often just repeat the uplink PMI signalling, which is a waste of bandwidth. This approach must however be made robust against feedback errors and when eNB choose to override the PMI reported by the UE. For instance, a flag could be used to either confirm the most recently reported frequency selective PMI or if the eNB suspects that the reported PMI is erroneous, indicate the use of a single precoding matrix for all scheduled RBs [6]

 REF _Ref177866270 \r \h 
[7] or to indicate that there is a dedicated control channel carrying the new PMI information [8],[9].  
The transmission rank, or number of layers must be signalled with 1-2 bits to cover the 2 and 4 antenna port case respectively. Note that if eNB overrides the rank reported by the UE, it can still follow the frequency selective PMI report from the UE since the codebook is nested. The reported CQI will then be a lower bound of the CQI per subband. Hence a rank override does not necessarily imply a PMI override.

The wideband PMI information used in the case the eNB suspects a feedback error needs to be signalled with 3-4 bits depending on the number of antenna ports.  

2.2 MU-MIMO
For MU-MIMO with the current agreed scheme, observations has been made that the throughput gains over SU-MIMO are largest in correlated antenna channels and when the interference precoding vector is known to the receiving UE [2]. In correlated channels and when using long term precoding, a wideband precoding vector is desirable [5]. Furthermore, co-scheduling of more than two users in a resource block is not very probable due to the spatial separation criteria  and due to the increased control channels overhead such as DL resource allocation and UL ACK/NACK [3].  
It is therefore motivated to introduce these further limitations on the MU-MIMO operation
· Maximum two co-scheduled users scheduled in one and the same RB [3]
· All RB scheduled for a UE use the same precoding vector [4],[5]
· All RB scheduled for a UE has either the same interference precoding vector or no co-scheduled interference 
These limitations of the flexibility of the MU-MIMO operation is believed to have a minor impact on the performance but on the other hand simplifies the eNB scheduler considerably since the number of scheduling options are reduced and the same scheduler can be used for both 2 and 4 antenna port eNB. More importantly, the downlink signalling of the used precoding vector for the interferer in the PDCCH can with these assumptions be made using a single PMI.
As in SU-MIMO, the principle of downlink acknowledging the reported uplink PMI could also be used for MU-MIMO.  The 3-4 bit PMI field in the PDCCH is in MU-MIMO used to indicate the interference precoding vector or the interference precoding vector conditioned on the reported PMI [9]. In the exception that the eNB scheduler decides to override the PMI feedback in MU-MIMO, the PMI bit field is used to indicate the selected new PMI and a default interference precoding vector is used, such as one orthogonal to the selected precoding vector (unitary precoding). This is an exception case and the eNB has always the possibility not to schedule a UE if it believes that the PMI is erroneous or it can choose to schedule this UE without a co-scheduled user.  
The eNB needs to signal the RS EPRE to PDSCH EPRE ratio to inform the UE if it is co-scheduled with another UE or not. This is actually the transmission rank, similar to the rank in SU-MIMO. Since maximum two UEs are allowed to be scheduled, a single transmission rank bit is needed to convey this information. Alternatively, if RAN1 decides that the RS EPRE to PDSCH EPRE ratio is signalled elsewhere then it can be used to inform the UE if there are one or two co-scheduled MU-MIMO UEs, provided that that the ratio can be changed from subframe to subframe, which is necessary for MU-MIMO.
3 Conclusion

Some aspects of the MIMO information to be signalled in the PDCCH has been discussed. We can conclude that it is possible to have very similar schemes for SU-MIMO and MU-MIMO if the interpretation of the fields are defined differently for the two modes. 
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