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1. Introduction
In this paper, we discuss potential enhancements for DMRS according to the directions of the WID and applicability to high order MU-MIMO transmission for FD-MIMO.
2. On the need of OCC-4 for MU-MIMO
In order to analyze the performance benefit of OCC-4 for MU-MIMO, link level simulation is performed with two different DMRS setups. A fixed number of users, specifically 4 rank-1 users with independent channel realizations are randomly paired for MU-MIMO transmission. We compared two cases in the simulations:
Case-1 (legacy): OCC-2 DMRS, 4 users (rank-1) are configured using 2 DMRS ports (port 7, 8) and two scrambling ids 

Case-2 (enhancement): OCC-4 DMRS, 4 users (rank-1) are configured using 4 DMRS ports (port 7, 8, 11, 13) and one scrambling id 

It is observed that OCC-4 can outperform OCC-2 in the various cases studied as it can mitigate the MU interference to large extent. Note, however, the simulation is conditioned to random user pairing which is more favorable to OCC-4. In reality, a scheduler is able to select user pairs to reduce MU interference to a certain extent. Also, with higher velocity, the performance gap between OCC-4 and OCC-2 DMRS is smaller as OCC-2 allows more channel estimation samples in time –domain after dispreading compared to OCC-4 which in turn is improving the channel estimates. On the other hand, the stale CSI knowledge at the eNB side is degrading the accuracy of beamforming (and zero forcing) transmission significantly at high speed, which makes the gap between OCC-2 and OCC-4 less pronounced (simulation assumptions can be found in appendix).
Observation-1: Considering random user pairing, OCC-4 DMRS can provide better performance than legacy DMRS especially at low or medium UE velocity. 
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Figure 1: Comparison of sum throughput (4 randomly paired rank-1 UEs) achieved with OCC-4 and OCC-2 DMRS patterns. UE velocities of 3, 30 and 120 kmph are considered.
3. Control channel design to support OCC-4 DMRS
Currently, the MU dimensioning per cell is determined by the indicator bits, namely “Antenna port(s), scrambling identity and number of layers indication” in the DCI format. The description of the indicator bits in DCI-2C/2D is as below. This table essentially limits the maximum number of MU layers (with orthogonal DMRS) to 2. 
Table 1: DMRS ports and SCID mapping in Rel-12


[image: image2.emf]                               

One Codeword:   Codeword 0 enabled,   Codeword 1 disabled   Two Codewords:   Codeword 0 enabled,   Codeword 1 enabled  

Value   Message   Value   Message  

0   1 layer, port 7,  n SCID =0   0   2 layers, ports 7 - 8,  n SCID =0  

1   1 layer, port 7,  n SCID =1   1   2 layers, ports 7 - 8,  n SCID =1  

2   1 layer, port 8,  n SCID =0   2   3 layers, ports 7 - 9  

3   1 layer, port 8,  n SCID =1   3   4 layers, ports 7 - 10  

4   2 layers, ports 7 - 8   4   5 layers, ports 7 - 11  

5   3 layers, ports 7 - 9   5   6 layers, ports  7 - 12  

6   4 layers, ports 7 - 10   6   7 layers, ports 7 - 13  

7   Reserved   7   8 layers, ports 7 - 14  


In order to expand the MU operation to 4 orthogonal ports, a straight forward method is to add some bit/s to the “Antenna port(s), scrambling identity and number of layers indication” corresponding to new cases e.g. ports 11, 13 for 2 layer transmission which is orthogonal to ports 7, 8 with the same scrambling ID. Alternatively we can reuse some existing fields to indicate 4 orthogonal layers for MU-MIMO operation. In the current “Antenna port(s), scrambling identity and number of layers indication” table, many fields are used to support SU-MIMO up to 8 layers which are not commonly used. Therefore it’s more efficient to reuse some of the existing fields than adding new ones. 

Proposal-1: Consider reusing existing bits in Antenna port(s), scrambling identity and number of layers indication” to support DMRS with OCC-4 

Typically certain conditions are checked by the scheduler in order initiate MU-MIMO transmission. For example, a relatively large number of UEs should be available with queued data, the PMI feedback (or CSI from SRS) should be as orthogonal as possible among the paired UEs, and the UE SINR/CQI should be in a reasonably good range. That is to say, the feasibility of MU-MIMO operation is highly UE specific. Therefore, we propose to make the interpretation of the bits in “Antenna port(s), scrambling identity and number of layers indication” to be UE specific. An example table is shown below that can be used by a UE instead of the legacy table as shown above. The table below is considered useful for a 2Rx UE. 
Proposal-2: Consider to enable UE specific definition or interpretation of the bits “Antenna port(s), scrambling identity and number of layers indication” in DCI-2C/2D or in a new DCI for FD-MIMO
Table 2: DMRS port and SCID mapping with OCC-4 assuming a 2Rx UE
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One Codeword:   Codeword 0 enabled,   Codeword 1 disabled   Two Codewords:   Codeword 0 enabled,   Codeword 1 enabled  

Value   Message   Value   Message  

0   1 layer, port 7,  n SCID =0   0   2 layers, ports 7 - 8,  n SCID =0  

1   1 layer, port 7,  n SCID =1   1   2 layers, ports 7 - 8,  n SCID =1  

2   1 layer, port 8,  n SCID =0   2   2 layers, ports 11,13 ,  n SCID =0  

3   1 layer, port 8,  n SCID =1   3   2 layers, ports 11,13 ,  n SCID =1  

4   1 layer, port 11 ,  n SCID =0   4   Reserved  

5   1 layer, port 11 ,  n SCID =1   5   Reserved  

6   1 layer, port 13 ,  n SCID =0   6   Reserved  

7   1 layer, port 13 ,  n SCID =1   7   Reserved  


4. Conclusion
In this contribution, we presented our opinion regarding some of the potential enhancements for FD-MIMO with the following observations and proposals:
Observation-1: Considering random user pairing, OCC-4 DMRS can provide better performance than legacy DMRS especially at low or medium UE velocity

Proposal-1: Consider reusing existing bits in Antenna port(s), scrambling identity and number of layers indication” to support DMRS with OCC-4 

Proposal-2: Consider to enable UE specific definition or interpretation of the bits “Antenna port(s), scrambling identity and number of layers indication” in DCI-2C/2D or in a new DCI for FD-MIMO
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Appendix
Table 1: Simulation assumptions

	
	Parameters

	Channel
	3D-UMi-NLOS

	eNB Tx antenna configuration
	(8,4,2,16)

	Polarized antenna modeling
	Model -2 from 36.873

	User Pairing
	Random

	System bandwidth
	10MHz (50 PRBs)

	Carrier Frequency 
	2GHz

	UE Speed 
	3, 30, 120 km/h

	UE distribution 
	Following 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Ideal MMSE

OCC2 + MMSE

OCC4 + MMSE

	UE Rx antenna configuration
	2 Rx cross-polarized (Polarization orientation uniformed distributed)

	CSI feedback
	Codebook based PMI and CQI (with fixed rank=1)


		One Codeword:

Codeword 0 enabled,

Codeword 1 disabled

		Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled



		Value

		Message

		Value

		Message



		0

		1 layer, port 7, nSCID=0

		0

		2 layers, ports 7-8, nSCID=0



		1

		1 layer, port 7, nSCID=1

		1

		2 layers, ports 7-8, nSCID=1



		2

		1 layer, port 8, nSCID=0

		2

		3 layers, ports 7-9



		3

		1 layer, port 8, nSCID=1

		3

		4 layers, ports 7-10



		4

		2 layers, ports 7-8

		4

		5 layers, ports 7-11



		5

		3 layers, ports 7-9

		5

		6 layers, ports 7-12



		6

		4 layers, ports 7-10

		6

		7 layers, ports 7-13



		7

		Reserved

		7

		8 layers, ports 7-14

































	


		One Codeword:

Codeword 0 enabled,

Codeword 1 disabled

		Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled



		Value

		Message

		Value

		Message



		0

		1 layer, port 7, nSCID=0

		0

		2 layers, ports 7-8, nSCID=0



		1

		1 layer, port 7, nSCID=1

		1

		2 layers, ports 7-8, nSCID=1



		2

		1 layer, port 8, nSCID=0

		2

		2 layers, ports 11,13, nSCID=0



		3

		1 layer, port 8, nSCID=1

		3

		2 layers, ports 11,13, nSCID=1



		4

		1 layer, port 11, nSCID=0

		4

		Reserved



		5

		1 layer, port 11, nSCID=1

		5

		Reserved



		6

		1 layer, port 13, nSCID=0

		6

		Reserved



		7

		1 layer, port 13, nSCID=1

		7

		Reserved

































	


