
18-21 August, 2008
Agenda item:     
6.2
Source: 
Motorola
Title:
Signalling Considerations for MU-MIMO Transmission Mode
Document for: 
Discussion and Decision
1. Introduction
MU MIMO is one of the seven semi-statically configured transmission modes defined in 36.213.  In this mode transmissions are spatially-multiplexed to two or more UEs which share a time/frequency resource.  With intelligent choice of precoding vectors, intracell interference can be minimized and system capacity improvements can be obtained in high load conditions. The following working assumptions have been adopted on MU-MIMO operation:
·  (RAN1#49b) MU-MIMO scheme focusing on the correlated antenna elements (but its use for the uncorrelated antenna elements is not precluded)

· Precoding codebook baseline

· reuse (a part of) the rank-1 SU-MIMO precoding possibilities defined for 2 TX and 4 TX antennas

· UE and Node B uses the same codebook

· Node B has the ability to independently choose the precoding vectors for the UEs scheduled in the same subframe.

· UE feedback

· CQI calculation: same as the rank-1 SU-MIMO

· Precoding feedback: same as the rank-1 SU-MIMO 

· It is possible to configure non-frequency selective precoding feedback

· Need for additional means for robustness is FFS (inclusion into Rel8 is not precluded)

· An additional CQI terms for interference indication 

· Alternative CQI definition

· Downlink control signalling
· 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…
· (RAN1#53) Do not signal the interference vector and reuse existing format(s) for MU-MIMO.

· Continue discussion until next meeting which format(s) to use

This contribution addresses the remaining aspects of MU-MIMO including DCI format, signaling of power offset, and PMI feedback.
2. Remaining Issues for Downlink Signaling of MU-MIMO
2.1. Number of Multiplexed Users 
The use of 2 Tx antennas allows up to two users to receive rank 1 transmissions on a singe frequency resource while up to four users may be multiplexed with 4 Tx antennas.  This mode is designed for highly correlated Tx antenna configurations where the codebook is restricted to the uniform linear array precoding vectors.  Each precoding vector corresponds to a fixed beam and users are paired based on minimizing intracell interference.  While it is possible to co-schedule up to four users with four antennas, the following considerations limit the number of UEs that would be scheduled:
· Limiting intracell interference with more than two users may be difficult given that signaling of interfering precoding vectors will not be supported in release 8.
· A large number of users are required in a cell to provide enough multiuser diversity to make multiplexing more than two users beneficial.
· Increased downlink signaling resources are required in terms of DPCCHs and bits required for power scaling as discussed below.
Given these considerations a limitation of up to two co-scheduled users seems reasonable.
2.2. Signaling of Power Offset

Scheduling multiple users on the same RB requires that the eNB transmit power be divided among the PDSCHs of the scheduled users.  Accordingly, the ratio of PDSCH EPRE to CRS EPRE for a given user, varies with the  number of co-scheduled users and since the number of co-scheduled users can vary on a subframe basis it is necessary to signal the number of users active on an RB [1]-[4] in the scheduling grant. Alternatively, the signal scaling that is applied to each user’s PDSCH transmission.  When the frequency allocations of co-scheduled users are aligned, i.e. have 100% overlap, these methods are equivalent and 1 and 2 bits of downlink signaling are sufficient for the case of two and four co-scheduled UEs respectively. However when the allocations have partial overlap, signaling the number of users on a per-RB basis has several problems. First, the amount of signaling required to convey the overlapping regions and the number of users in each region overhead would be prohibitive given the decision  above to reuse existing formats.  Second, when the eNodeB power is fully utilized, code symbols in RBs with a single user would have higher reliability than those in RBs with multiple users since they be transmitted with all of the eNB transmit power.  This would yield a performance degradation relative to the case of equal power allocation across all RBs.
A better alternative is to scale the PDSCH uniformly across all RBs in the allocation and signal the scaling factor [6].  In [6] the average power gain with this approach is plotted versus the percentage of overlap for various numbers of bits used to represent the scaling factors.  The use of 3-4 bits of scaling quantization is shown to give Tx power gain over the 1 bit quantization approach of about 1 and 2.5 dB for the two and four user cases respectively. A special case of this approach is given in [2] where 2 bits are proposed for the case of up to four multiplexed users. Based on these results, reasonable ranges for power scaling quantization are 
· Up to 2 co-scheduled users: 1-2 bits

· Up to 4 co-scheduled users: 3-4 bits.
2.3. DCI Format

The working assumption that MU-MIMO reuse a current signaling format is interpreted as meaning the MU-MIMO DCI format will have the same number of bits as a current format but with different interpretations for one or more fields.  With this interpretation there are two formats which can be reused: Format 1B and Format 2.  In or view the choice of format depends on the number maximum number of supported users:
Up to 2 Multiplexed Users
In this case it is possible to reuse format 1B by using 1 bit of power scaling quantization.  There are two ways this additional bit can be incorporated:
· Mask the CRC with one of two masks depending on the scaling factor to be applied, e.g. 0 or – 3 dB [5].  A similar masking approach is used for uplink antenna selection in Format 0..
· Reinterpret the localized/distributed flag as 1 bit of power scaling [6].  The reasoning behind this approach is that distributed transmission is not likely in MU-MIMO mode.

Of these two approaches we prefer the CRC approach as it already has to be supported in the UE for Format 1C.  In addition while it may be unlikely the two users would be co-scheduled in distributed mode, it is possible that a single user in MU-MIMO mode is scheduled if for example no users with the proper pairing are available. In this case it would be desirable to be able to schedule that single user in distributed mode.
Up to 4 Multiplexed Users

In this case at least two bits of power scaling are needed which would be difficult to squeeze into Format 1B without incurring some performance degradation.  Therefore Format 2 is required.  The rank bits can be reassigned to power scaling and the  MCS and NDI for the second codeword can be reinterpreted. Since additional bits are available, 4 bits of power scaling can information can be used.
Overall the following is recommended:

· Up to 2 Multiplexed Users: Use Format 1B with CRC masking to indicate one bit of power scaling
· Up to 4 Multiplexed Users: Use Format 2 with 4 bits of power scaling quantization.

2.4. PMI Feedback

The studies of [7] and [8] indicate that frequency-selective precoding offers little or no system throughput improvement in highly correlated transmit configurations.  The following CQI/PMI feedback modes should be therefore be supported in MU-MIMO mode:
· PUSCH: 3-1

· PUCCH:1-1, 2-1
3. Conclusions
Our view on the remaining items for MU-MIMO mode are summarized below:
· Maximum Number of Multiplexed Users: 2

· DCI Format

· Up to 2 Multiplexed Users: Format 1B with CRC masking to indicate one bit of power scaling 

· Up to 4 Multiplexed Users: Format 2 with 4 bits of power scaling quantization.

· PMI Feedback

· PUSCH Mode 3-1

· PUCCH Mode 1-1 and 2-1
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