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1 Introduction
When multiple users are scheduled simultaneously on the same RB, the signal power must be divided between the multiple users.  Therefore, a user in MU-MIMO mode should expect that its EPRE can take one of several values depending on the number of UE’s simultaneously scheduled in that RB; the more users the lower the power, and vice versa.  
This EPRE level can be indicated to the UE in one of two ways

1) By RRC signalling

2) By information in the scheduling Grant

We feel that due to the dynamic nature of scheduling, that RRC signalling may not be fast enough to capture the variation of this power level, thus it would be beneficial to include 1-2 bits in a grant message for users in MU-MIMO mode to indicate this.
2 The Issue  

When the eNodeB is transmitting to multiple UE in MU-MIMO mode it must divide the power between the different users.  Consider the following example of a 4 Tx antenna system if the eNodeB was transmitting to 1 UE it might use the precoder [1 1 1 1].  But if it was transmitting to two UE’s it would use [1 1 1 1]/sqrt(2) and [1 -1 1 -1]/sqrt(2) to UE1 and UE2 respectively.  Note the 1/sqrt(2) is used as scaling for the two precoders.  In order for 16 or 64 QAM to be demodulated this scaling factor should be known by the UE.  As MU-MIMO users tend to have high SNR’s (MU-MIMO gains only appear at high SNRs), they need to be able to demodulate the higher QAM levels.  

There are two ways that this scaling factor could be signaled to the UE.

1) Have the value signaled by RRC signalling.  This can be done by using the PA levels presently defined in the specification [2].

Advantages

· Smaller DCI format size

Disadvantages

· Increase in scheduler complexity
· Performance loss, as pairing and un-pairing of users for MU-MIMO can be changed by the scheduler at a higher rate than RRC signalling 
· More RRC signalling (for scaling factor update)
2) Have the value signaled in the DL grant.


Advantages

· Full scheduler flexibility
· Improved performance

· Less RRC signalling (for scaling factor update)
Disadvantages

· Larger DCI format size required.  However, MU-MIMO users tend to be high SNR users thus the small increase in PDCCH code rate may not be an issue.
We believe that as the SNR of MU-MIMO users will be quite high, the increased control channel overhead as a percentage of the achievable throughput, for including the scaling factor in the grant is very small.  Thus the 1 (for 2Tx) to 2 (for 4 Tx) bits should be included in the scheduling grant for users in MU-MIMO mode.

These [1-2] bits can either be re-interpretations of bits in Format 2 for users in MU-MIMO mode as proposed in [1], or added as a new format based on Format 1B.  
3 Proposed changes in signalling formats

As discussed in the previous sections, both Format 2 and Format 1B can be modified for the signalling of MU-MIMO.

Option 1: Format 2

The following changes can be made to Format 2 to support the MU-MIMO mode:
As only one of the two codewords will be used, the field for “Modulation and coding scheme (5 bits)” of the second codeword can be used to signal:

1. The number of users sharing the same physical resource blocks (PRBs) N:
a. 1 bit for 2 Tx; scale = -10log10(N), N=1, 2
b. 2 bits for 4 Tx; scale = -10log10(N), N=1, 2, 3, 4
Or: 

2. Full Power allocation data
a. PA: 3 bits as defined in Section 5.2 of [2]: [3, 2, 1, 0, -1, -2, -3, -6]
b. Instantaneous scaling as above i.e.  scale = -10log10(N), N=1, 2 for 2 Tx, N=1,2, 3, 4,  for 4 Tx
This value of PA would only be used in the associated grant and the Semi-static value Pa would remain unchanged.  The advantage of this Format is the additional scheduling flexibility associated with the Format 2 payload, without need to define a new Format size.  However additional overhead exists in the form of bits which will not be used by MU-MIMO users.  
Option 2: Format 1B

As agreed in RAN1 #53 meeting, Format 1B for closed-loop single rank transmission will be based on Format 1A with [2 / 4] additional bits to signal the precoding vector for 2 Tx / 4 Tx respectively.  Each of the users sharing the same physical resources in MU-MIMO mode is assigned a different Rank-1 precoding vector, thus Format 1B can be used to support MU-MIMO by including a field for: 


“Number of users in the MU-MIMO pair” 

·  1 bits for 2 Tx

·  2 bits for 4 Tx

This format contains the minimum amount of overhead required to support a user in MU-MIMO mode.
4 Conclusion

Based on the above analysis, we feel that users in MU-MIMO mode should receive power offsets and it could be beneficial if this information is signalled as part of their scheduling grant. Both options can be used to support MU-MIMO mode, as discussed further in [3].  
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