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1
Introduction
Multi-user spatial processing is considered as a key enhancement technique in Release 10 in addition to single user spatial processing. In [1], we overview the air-interface support for MU-MIMO in Release 8 and discussed new features required for enabling efficient MU-MIMO operation in Release 10. There has already been good progress on supporting MU-MIMO in Release 9 LTE with support for dynamic switching between SU-MIMO and MU-MIMO where the MU-MIMO operation is supported in a UE transparent manner (that is UE is not made aware of co-scheduled UEs in MU-MIMO mode). 

We believe that MU-MIMO operation in Release 10 can also be transparent while still enabling the UE to get some of the benefits of non-transparent MU-MIMO.  In this document we outline different design aspects including reference signal design, control signalling and feedback mechanism that can provide such transparent operation for MU-MIMO operation. A detailed discussion on these topics can be found in [2].
2
MU-MIMO for Release 10

2.1
Transmission Mode 

Similar to Release 9 design, we propose adopting one transmission mode for Release 10 that allows for switching between different spatial processing techniques including MU-MIMO. Transmission modes for Release 10 are treated in detail in [3]. The proposed transmission mode supports closed-loop precoding and open-loop precoding based on UE-RS demodulation. 

2.2
Maximum MU-MIMO rank

Release 8 MU-MIMO operation supports transmission of one layer per user with non orthogonal multiplexing. Release 9 MU-MIMO operation orthogonal multiplexing of two users with one layer per user and non-orthogonal multiplexing with up to two layers per user. In RAN1#59bis the following decisions were made regarding MU-MIMO rank for Release 10.
· 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 UE RS ports 

· Not more than 4-layer transmission in total for MU-MIMO transmission 

· Note: Two alternatives are to be studied: 

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

· orthogonal UE 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 
We believe that it is important to support MU-MIMO operation with two layer transmission per user. Such operation may be motivated by deployments with cross-polarized antenna configurations, home eNodeB deployments, or lightly loaded systems. In [14] we show that it is beneficial to allow MU-MIMO operation with 4 orthogonal UE RS ports as an option.

2.3
UE-RS Pattern and Scrambling Sequence Design

As outlined in previous contributions the UE-RS based demodulation allows for non-codebook based precoding that is instrumental for efficient MU-MIMO operation. The UE-RS structure for Release 10 in RAN1 is agreed to be based on CDM/FDM structure that allows for efficient interference estimation and power balancing in MU-MIMO scenarios. The patterns for normal subframes are depicted in Figure 1. 
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Figure : UE-RS Patterns for SU-MIMO transmission

Note that in the case of MU-MIMO, only pattern 1 shown above can be used. 

The scrambling sequence design for UE-RS should keep MU-MIMO application in mind. In particular, departure from a RNTI-dependent sequence used in Release 8 to a cell specific scrambling sequence similar to as used in Release 9 can facilitate improved interference estimation in multi-user operation. In Release 9, two scrambling sequences were defined in order to support non-orthogonal UE-RS multiplexing in MU-MIMO enabling 4 layer MU-MIMO transmission. In RAN1#59bis it was agreed that more than 4 layer MU-MIMO will not be supported. 
2.4
Transparent versus Non-Transparent MU-MIMO

There are two aspects to transparent MU-MIMO. One is related to downlink signalling and the other to the feedback. We briefly review related aspects here while providing details in the following subsection. 

In transparent MU-MIMO mode the UE is not informed about the co-scheduled UEs. However, if the design includes 2) and 3) and if the UE knows the pilot pattern, the UE can blindly detect the presence of co-scheduled UEs and hence can reap the benefits of non-transparent MU-MIMO without the associated overhead albeit at a higher complexity. We therefore propose using transparent MU-MIMO. Note that 2) is already part of our proposal in section 3.3. 
Proposal:  We propose to have no indication of the existence of co-scheduled MU-MIMO users.  A cell-specific system parameter to indicate whether MU-MIMO is used could be still considered.  

From the feedback point of view the transparency refers to whether we have one feedback that supports both SU and MU MIMO or whether the UE is configured in different feedback modes one optimized for SU-MIMO and one for MU-MIMO. This aspect is discussed in Section 3.6. 
2.5
Control Signalling

In terms of control signalling, some fields conveying power offset and precoding matrix index present in DCI formats of Release 8 are not required in Release 10 because of UE-RS based demodulation. However, the DL control signalling should convey the UE-RS pattern and antenna ports employed for transmission to each UE in the control signalling. 
Since the exact MU-MIMO DM-RS scheme hasn’t been decided, we give possible signalling solutions for each option being considered. 

The combined set of all DM-RS ports (not all used in every scheme proposed) are listed in Table 1 below. 

Note that SID is the scrambling sequence ID.  

	DM-RS antenna port
	CDM group
	OCC spreading factor
	OCC Index
	SID

	7
	1
	2
	0
	0 or 1

	8
	1
	2
	1
	0 or 1

	9
	2
	2
	0
	0 or 1

	10
	2
	2
	1
	0 or 1

	11
	1
	4
	2
	0

	12
	2
	4
	2
	0

	13
	1
	4
	3
	0

	14
	2
	4
	3
	0


Table 1  List of DM-RS antenna port attributes

Since MU-MIMO is not supported with more than rank 4, we propose that only SID=0 is defined for antenna ports 11 through 14.  This enables signalling compression if SID is jointly coded with DM-RS allocation and rank. 

Proposal:  Use joint coding for signalling of DM-RS allocation, rank and SID. 

The DM-RS scheme considered is the non-orthogonal scheme agreed at Rank1#61b.
2.5.1 Control signaling for 8Tx eNB
In Table 2, the antenna ports (AP) and scrambling ID (SID) are those as described in Table 1. Each row in Table 2 corresponds to a possible grant signaling, where the grant indicates a DM-RS list designating DM-RS allocation for each layer:
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The DM-RS pattern ID is also indicated for ach row. The DM-RS pattern refers to pattern 1 or pattern 2 shown in Figure 1.  Some rows are shown without pattern ID due to formatting reasons, for these, pattern 2 should be assumed.    

	Number of UE Rx antennas
	Number of TBs enabled
	Rank
	Assigned pairs of [AP, SID], listed as {[AP_L1, SID_L1], [AP_L2, SID_L2], … } where L1, L2 are layer 1 and 2, etc. Each row represents a possible signalled assignment 
	Number of cases
	Total number of cases
	NDI_2 used
	Bits req’d

	2
	2
	1
	N/A
	0
	2
	No
	1

	
	
	2
	{[7,0],[8,0]}, Pattern 1
{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	1
	1
	{[7,0]}, Pattern 1
{[8,0]}, Pattern 1
{[7,1]}, Pattern 1
{[8,1]}, Pattern 1
	4
	4
	Yes
	1

	
	
	2
	N/A
	0
	
	
	

	4
	2
	1
	N/A
	0
	4
	No
	2

	
	
	2
	{[7,0],[8,0]}, Pattern 1
{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	
	3
	{[7,0],[8,0],[9,0]}, Pattern 2
	1
	
	
	

	
	
	4
	{[7,0],[8,0],[9,0],[10,0]}, Pattern 2
	1
	
	
	

	
	1
	1
	{[7,0]}, Pattern 1
{[8,0]}, Pattern 1
{[7,1]}, Pattern 1
{[8,1]}, Pattern 1
	4
	6
	Yes
	2

	
	
	2
	{[7,0],[8,0]}, Pattern 1
{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	
	3
	N/A
	0
	
	
	

	
	
	4
	N/A
	0
	
	
	

	8
	2
	1
	N/A
	0
	8
	No
	3

	
	
	2
	{[7,0],[8,0]}, Pattern 1
{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	
	3
	{[7,0],[8,0],[9,0]}, Pattern 2
	1
	
	
	

	
	
	4
	{[7,0],[8,0],[9,0],[10,0]}, Pattern 2
	1
	
	
	

	
	
	5
	{[7,0],[8,0],[9,0],[10,0],[11,0]}, Pattern 2
	1
	
	
	

	
	
	6
	{[7,0],[8,0],[9,0],[10,0],[11,0],[12,0]}, Pattern 2
	1
	
	
	

	
	
	7
	{[7,0],[8,0],[9,0],[10,0],[11,0],[12,0],[13,0]}
	1
	
	
	

	
	
	8
	{[7,0],[8,0],[9,0],[10,0],[11,0],[12,0],[13,0],[14,0]}
	1
	
	
	

	
	1
	1
	{[7,0]}, Pattern 1
{[8,0]}, Pattern 1
{[7,1]}, Pattern 1
{[8,1]}, Pattern 1
	4
	8
	No
	3

	
	
	2
	{[7,0],[8,0]}, Pattern 1
{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	
	3
	{[7,0],[8,0],[9,0]}, Pattern 2
	1
	
	
	

	
	
	4
	{[7,0],[8,0],[9,0],[10,0]}, Pattern 2
	1
	
	
	

	
	
	5
	N/A
	0
	
	
	

	
	
	6
	N/A
	0
	
	
	

	
	
	7
	N/A
	0
	
	
	

	
	
	8
	N/A
	0
	
	
	


Table 2   8Tx signaling scheme for Rank, DM-RS, SID
In the above scheme, it is assumed that for all MU-MIMO cases, only the 12 RE/RB pattern is used (the pattern in Figure 1).  Therefore the UE would never reserve REs on which it transmits neither DM-RS nor data.  
The number of bits required are 1, 2, or 3, for 2Rx, 4Rx and 8Rx UEs, respectively. 
If it is decided that the DL grant DCI should not depend on the number of UE Rx antenna ports then the format for 8Rx should be used in all cases. 
2.5.2 Control signaling for 4Tx eNB
For the agreed non-orthogonal DM-RS allocation, the proposed signaling for 4Tx is shown in Table 3.   

	Number of UE Rx antennas
	Number of TBs enabled
	Rank
	Assigned pairs of [AP, SID], listed as {[AP_L1, SID_L1], [AP_L2, SID_L2], … } where L1, L2 are layer 1 and 2, etc. Each row represents a possible signalled assignment 
	Number of cases
	Total number of cases
	NDI_2 used
	Bits req’d

	2
	2
	1
	N/A
	0
	2
	No
	1

	
	
	2
	{[7,0],[8,0]}, Pattern 1

{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	1
	1
	{[7,0]}, Pattern 1

{[8,0]}, Pattern 1

{[7,1]}, Pattern 1

{[8,1]}, Pattern 1
	4
	4
	Yes
	1

	
	
	2
	N/A
	0
	
	
	

	4 or 8
	2
	1
	N/A
	0
	4
	No
	2

	
	
	2
	{[7,0],[8,0]}, Pattern 1

{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	
	3
	{[7,0],[8,0],[9,0]}, Pattern 2
	1
	
	
	

	
	
	4
	{[7,0],[8,0],[9,0],[10,0]}, Pattern 2
	1
	
	
	

	
	1
	1
	{[7,0]}, Pattern 1

{[8,0]}, Pattern 1

{[7,1]}, Pattern 1

{[8,1]}, Pattern 1
	4
	6
	Yes
	2

	
	
	2
	{[7,0],[8,0]}, Pattern 1

{[7,1],[8,1]}, Pattern 1
	2
	
	
	

	
	
	3
	N/A
	0
	
	
	

	
	
	4
	N/A
	0
	
	
	


Table 3   4Tx signaling scheme for Rank, DM-RS, SID
The number of bits required are 1 or 2, for 2Rx and 4 or 8Rx UEs, respectively. 

If it is decided that the DL grant DCI should not depend on the number of UE Rx antenna ports then the format for 4Rx should be used.
2.5.3 Control signaling for 2Tx eNB
The signaling cases for 2Tx eNB is given in Table 4.  
	Number of UE Rx antennas
	Number of TBs enabled
	Rank
	Assigned pairs of [AP, SID], listed as {[AP_L1, SID_L1], [AP_L2, SID_L2], … } where L1, L2 are layer 1 and 2, etc. Each row represents a possible signalled assignment 
	Number of cases
	Total number of cases
	NDI_2 used
	Bits req’d

	2, 4 or 8
	2
	1
	N/A
	0
	1
	No
	0

	
	
	2
	{[7,0],[8,0]}, Pattern 1
	1
	
	
	

	
	1
	1
	{[7,0]}, Pattern 1

{[8,0]}, Pattern 1
	2
	2
	Yes
	0

	
	
	2
	N/A
	0
	
	
	


Table 4   2Tx signaling scheme for Rank, DM-RS, SID
No DCI bits are required in this case. 
2.6
Feedback Mechanism

Another aspect to consider in enabling transparent MU-MIMO operation is the feedback mechanism. As outlined in previous contributions, we propose a unified feedback approach for SU-MIMO, MU-MIMO. The feedback mechanism is similar to Release 8 LTE approach in that it provides information about channel direction, quality and the number of layers of transmission. In particular, given the lack of knowledge about the channel of other scheduled UEs in a multi-user setup and aiming for transparent switching between SU-MIMO and MU-MIMO operation, it avoids introducing different feedback modes depending on MU-MIMO or SU-MIMO operation. 
Proposal:  We propose to have one unified feedback mode for SU-MIMO and MU-MIMO.
2.6.2
CQI/RI report
The CQI/RI reporting mechanism in Release 10 should follow the Release 8 reporting mechanism. The CQI and RI are computed based on the reported PMI/CDI. In order to allow for a transparent operation of different spatial processing techniques common reporting mode should be considered for MU and SU operation. Based on the CQI/RI and possibly the PMI/CDI report of multiple UEs, the eNB will make scheduling decisions on utilizing SU or MU operation, user grouping and beam-formation at different parts of the frequency band. CQI/RI is further used by the eNB to extrapolate rank/rate after beamforming and UE grouping is decided. Beam-formation can be based on zero-forcing or maximization of signal to leakage ratio.

It is further possible for the eNB to configure the UE to report CDI, CQI and RI information assuming a range of ranks. For instance, if eNB predicts that multi-user scheduling will be the dominant operation it can limit the report by UE to 2 layers of transmission. As another example if the channel experienced by a UE is not spatially rich, the UE can be configured to provide rank 1 report. 

Finally, we should point out that it is apparent that the feedback and control signalling approach outlined above can accommodate multiplexing UEs with multiple layer per UE with no additional changes.

3
Conclusion

The agreed Release 9/10 designs allow for transparent MU/SU operation. A summary of the remaining aspects discussed in this contribution is provided below. 

UE-RS and control signalling aspects:

It is proposed that control signalling scheme described in this contribution is used. 
Feedback aspects:

· Adopting one transmission mode common for SU and MU operation.

· Common CQI/RI report for different spatial processing techniques (SU-MIMO and MU-MIMO) that follows Release 8 feedback design.

· Closed loop: Unified SU-MIMO, MU-MIMO CQI/RI rep
· Open loop: CQI/RI based on open loop precoding
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