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1 Introduction
DMRS is a key feature to enable non-codebook based MU-MIMO transmission in LTE-A.  Downlink signaling is one of the areas which we need to consider to support different modes of MU-MIMO transmission with availability of DMRS.   Several parameters such as dynamic switching between SU-MIMO and MU-MIMO, number of co-scheduled UEs and number of layers per UE can impact the design of downlink signalling.  In this contribution, we study the impact of these parameters in downlink signaling perspective.
2 Dynamic switching between SU and MU-MIMO
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Figure 1 Spectral Efficiency with/without SU/MU dynamic switching
Figure 1 shows the simulation results of 4x2 MIMO with and without SU/MU dynamic switching.  Simulations were performed under diversity antenna configuration (SCM UMi 4λ Tx spacing).  The gain from dynamic SU/MU switching can be mostly seen under uncorrelated environment.  In such environment, SU rank 2 happens more often.  In some cases, it is better doing SU rank2 rather than doing MU because MU interference can be severe and harder to control depending on the channel correlation of co-scheduled UEs.  
Two types of feedback are considered.  Perfect transmit covariance is assumed in the first type while codebook based (PMI) feedback is used for the second type.  MU interference depends on the orthogonality between reported PMIs/eigenvectors from two UEs.  With the knowledge of signal and null space in the R feedback case, interference control is easier in MU transmission so it might be more likely MU is chosen.  On the other hand, because of the quantization in the PMI feedback case, MU interference is higher in general and hence SU Rank2 happens more often if dynamic switching is supported.  Therefore, higher gain from dynamic switching is observed in codebook case.
3 Downlink Signalling for MU-MIMO

Considerable gain is observed from the simulation results with dynamic switching between SU and MU in section 2.  To support this dynamic switching, SU and MU-MIMO should be supported in one transmission mode.  It is desirable to have one unified downlink signalling to support both SU and MU-MIMO transmission.  Information in signalling should be carefully considered to support different MU-MIMO modes.   
The information needed in DL signalling by MU-MIMO mode is different from SU-MIMO mode.  In SU-MIMO mode, rank is the only information needed to determine the DMRS pattern and locate the UE-specific DMRS REs for demodulation.  On the contrary, UE’s own rank is not sufficient to locate the DMRS resources under MU-MIMO mode.  Since multiple UEs share the transmission layers in MU-MIMO transmission (i.e. UE’s own rank is not equal to the total rank of the MU transmission),  UE has to know specifically which layer(s) (and hence DRMS ports) to receive his own data among all the transmission layers.  In addition, DMRS pattern is determined by the total rank of the transmission.  So UE has to either know the total rank or which DMRS pattern is used for this transmission.  With this information, UE can locate his own DMRS to perform channel estimation.  UE can as well locate the positions of DMRS corresponding to potential MU interference so that interference suppression (e.g. by MMSE receiver) can be performed in the demodulation process.  
Two main parameters in MU-MIMO transmission are maximum number of layers per UE and maximum number of co-scheduled UEs supported in orthogonal sense (i.e. DMRS of all the co-scheduled UEs are orthogonal to each other).   These two parameters are also related to the total number of layers in a MU transmission. The cost of overhead is one of the factors to determine these parameters.   In this section we study the impact of these parameters on the downlink signalling.  We have four alternatives of the MU-MIMO restrictions in our study:
	
	Alt 1
	Alt 2
	Alt 3
	Alt 4

	Maximum number of UEs
(maxNumUE)
	4
	4
	4
	8

	Maximum number of layers per UE (maxUERank)
	1
	2
	2
	2

	Maximum total number of layers in a MU transmission (totalLayer)
	4
	4
	8
	8


Content of these SU/MU information bits can be represented by K bits.  We are going to check the overhead requirement (i.e. the value of K) in each alternative.

We consider unified signalling for one TB case in section 3.1.  It has potential savings on overhead if we use different signalling for 1TB and 2TB cases which can be further studied.
3.1 Overhead requirement
Alt1: (maxNumUE, maxUERank, maxTotalLayer) = (4,1,4)
Overhead requirement: K=4 bits

In SU mode, only rank information is needed.  

8 SU modes: Rank1 to Rank 8 
In MU mode, rank and layer index are needed in different DMRS pattern.

6 MU modes:
	Rank1-2 DMRS pattern:
	Rank3-4 DMRS pattern:
	Rank5-8 DMRS pattern:

	2 rank1-MU modes 
Rank

Layer index

1
1
1
2

	4 rank1-MU modes
Rank

Layer index

1
1
1
2
1
3
1
4

	


Total number of modes = 8 + 2 + 4 = 14 (4 bits)

Alt2: (maxNumUE, maxUERank, maxTotalLayer) = (4,2,4)
Overhead requirement: K=4 bits

Note: Total number of layers in a MU transmission <= 4   

i.e. the following 4-layer tx modes can be supported:

4 rank-1 UEs,  2 rank-2 UEs,   2 rank1 UEs &1 rank-2 UE

8 SU modes: Rank1 to Rank 8 

8 MU Modes: 
	Rank1-2 DMRS pattern:
	Rank3-4 DMRS pattern:
	Rank5-8 DMRS pattern:

	2 rank1-MU modes 
Rank

Layer index

1
1
1
2

	4 rank1-MU modes
Rank

Layer index

1
1
1
2
1
3
1
4

	

	
	2 rank-2-MU modes

Rank

Layer index

2
1,2
2
3,4

	


Total number of modes = 8 + 8 = 16 (4 bits)

Alt3: (maxNumUE, maxUERank, maxTotalLayer)=(4,2,8)
Overhead requirement: K=5 bits

8 SU modes: Rank1 to Rank 8 

15 MU Modes: 

	Rank1-2 DMRS pattern:
	Rank3-4 DMRS pattern:
	Rank5-8 DMRS pattern:

	2 rank1-MU modes 
Rank

Layer index

1
1
1
2

	4 rank1-MU modes
Rank

Layer index

1
1
1
2
1
3
1
4

	3 rank1-MU modes
Rank

Layer index

1
1
1
2
1
3


	
	2 rank-2-MU modes

Rank

Layer index

2
1,2
2
3,4

	4 rank-2-MU modes

Rank

Layer index

2
1,2
2
3,4
2
5,6
2
7,8



Total number of modes = 8 + 15 = 23 (5 bits)
Alt4: (maxNumUE, maxUERank, maxTotalLayer) = (8,2,8)
Overhead requirement: K=5 bits

8 SU modes: Rank1 to Rank 8 

20 MU Modes: 

	Rank1-2 DMRS pattern:
	Rank3-4 DMRS pattern:
	Rank5-8 DMRS pattern:

	2 rank1-MU modes 
Rank

Layer index

1
1
1
2

	4 rank1-MU modes
Rank

Layer index

1
1
1
2
1
3
1
4

	8 rank1-MU modes
Rank

Layer index

1
1
1
2
1
3
1

4

1
5
1
6
1
7

1

8



	
	2 rank-2-MU modes

Rank

Layer index

2
1,2
2
3,4

	4 rank-2-MU modes

Rank

Layer index

2
1,2
2
3,4
2
5,6
2
7,8



Total number of modes = 8 + 22 = 28 (5 bits)

From the overhead requirements, it makes more sense to support higher MU dimensioning with no additional overhead cost.  For example,  Alt 2 (maxNumUE, maxUERank, maxTotalLayer) = (4,2,4)  is a better choice comparing with Alt1 given that 4 bits are needed in both cases.
3.2 Other consideration
3.2.1 Power imbalance and DMRS pattern
CDM code length of two is used in the Rank1-2 pattern [1] and Rank3-4 DMRS baseline pattern proposed in #58bis.   Within a pattern, the exact number of co-scheduled UEs in a MU transmission can be transparent to the UE.  For example, if UE is assigned to layer 1 when rank3-4 DMRS pattern is used, that UE can anyway estimate the interference covariance from the DMRS observations which are not assigned to that UE (i.e. layers 2-4) for interference suppression similar to Rel-9 MU-MIMO support in dual layer beamforming mode [2].    However, in order to maintain the RS to data power offset for all layers, power imbalance can happen if the total number of used layers is odd.   For example, we assume the same power P is used for DMRS and data when the number of total layers=4.  The power distribution for Data and REs is illustrated in the following figure:
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The power ratio of DMRS to data per layer is 2.    In order to maintain this ratio when the total number of layers is 3, the power of DMRS REs would be different (4P/3 versus 2P/3).   Also the power of DMRS RE and data RE is not the same as shown the figure below.  Note that there is +/- P/3 variation between DMRS RE and Data RE.
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Another solution to this issue is to signal UE the exact number of co-scheduled UEs instead of DMRS pattern so that different ratios can be used with different number of total transmission layers.  This will need more signalling overhead.  If CDM length of 4 is used in rank3-4 pattern, there will be no power imbalance issue for MU transmission with the total number up to 4.

The same issue happens when the total number of layers is 5-8 if the CDM length of 2 or 4 is used in rank5-8 pattern.  

3.2.2 Granularity of signalling 
Another consideration is the granularity of signalling which determines the granularity of having different SU/MU transmission modes in different RBs.   One may argue that non-transparent signalling of MU restricts the scheduling flexibility of having mixed mode of SU and MU in one TB if the granularity is one per TB.  However, if we allow certain restrictions in SU transmission (e.g. number of layers has to be equal in SU and MU RBs) in this mixed mode, we can also support mixed mode transmission with non-transparent signalling.   In this case, UE will do interference estimation in all RBs and perform interference suppression anyway in the whole TB which wouldn’t hurt the demodulation of SU data.
4 Conclusion

Based on our simulation and studies, we conclude that 

1. Dynamic switching between SU and MU should be supported.   Considerable gain is obtained with dynamic switching between SU and MU.   Depending on the supported MU dimension, the additional overhead cost for SU/MU dynamic switching can be just 1 bit or none.  
2. Given that SU and MU need different types of information on DL signalling, non-transparent signalling should be supported for MU-MIMO to save overhead cost.  Otherwise, more overhead is needed to signal all the layer index/DMRS ports for SU-MIMO.  In our examples, the minimum overhead requirement is 4-bit to support non-transparent MU-MIMO signalling of DMRS ports and rank with dynamic SU/MU switching capability.
3. Overhead cost of DL signalling should be considered when we decide MU dimensioning (i.e. maximum number of layers per UE, maximum number of co-scheduled UEs and total number of layers).  In some cases, no additional overhead is needed when higher dimensioning is supported. 
4. Other consideration like power imbalance and signalling granularity should be also discussed.  
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Appendix: Simulation Assumptions

	Parameter
	Assumption

	Channel 
	SCM – Urban Micro 

	Antenna Configuration
	4Tx ULA at eNB,  4λ separation 

2Rx dual polarized antenna at UE

	Number of UEs
	10 UEs with the same geometry dropped randomly in a cell.

	CQI/PMI/R reporting 
	Subband, 5RB granularity, 6ms delay

	Rank adaptation
	SU Rank is reported from UE when CQI/PMI is used.

	Link adaptation
	Perfect post-BF CQI is known at eNB

	MU Precoding
	SLNR

	Receiver
	MMSE
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