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1. Introduction
DMRS enhancement was agreed to be included in the EB/FD-MIMO WI:
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
Further discussion in RAN1#82bis led to the following conclusion and agreements.
Conclusion:

· Power imbalance issue of DMRS enhancements in the Working Assumption of RAN1#82 can be solved by implementation based approach; no standard related enhancement is needed.

Agreement:

· Confirm the working assumption for OCC=4 and 12REs made in RAN1#82, and the following table

	Ports for MU transmission 
	OCC 

	Port 7 
	[1 1 1 1] 

	Port 8 
	[1 -1 1 -1] 

	Port 11 
	[1 1 -1 -1] 

	Port 13 
	[1 -1 -1 1] 


With the introduction of additional DMRS ports, a new transmission mode (e.g. TM 11) for high-order MU-MIMO is to be introduced. The associated DCI format (e.g. DCI 2E) depends on MU-MIMO dimensioning, DMRS assignment and SU/MU scheduling capability. These issues are discussed in this paper.
2. High-level consideration on control signaling 
Dynamic SU/MU switching is necessary to adjust the transmission scheme to the eNB buffer status and number of UEs fluctuation at the subframe level. Dynamic switching has been supported since Rel.9 as a basic design principle and was followed in other features as well (e.g. CoMP/non-CoMP). In order to retain flexible eNB scheduling, SU/MU dynamic switching up to 8-layer should be supported in TM11. 
In the last meeting it was suggested to limit dynamic switching to 4-layer SU-MIMO only. This is not preferable in our view.
· The rank of a wireless channel is dependent on the Rx array size and many other factors of the propagation environment. When channel rank is low (e.g. rank 1 or 2), an 8Rx UE should be multiplexed with low rank UE (e.g. 2 or 4Rx) to benefit from spatial multiplexing gain. Compare to 2/4Rx, 8-RX array has superior receive diversity and interference suppression capability, hence more attractive from MU-MIMO perspective. On the other hand, if the channel rank is high (e.g. rank 5-8), the scheduler should be able to swiftly switch to high-rank SU-MIMO to exploit simple and robust SU-MIMO. Switching between low-rank and high-rank (up to 8) should be dynamic instead of semi-static (two RRC modes). To some extent, if rank-4 and rank-8 are artificially separated by RRC signaling, it is analogous to introducing 8 different transmission modes for 8 different ranks, which is against existing LTE principle.
· The peak data rate of Rel.12 is achieved by 8-layer SU-MIMO. Excluding rank-8 SU-MIMO implies that the peak data rate of Rel.13 UE in TM11actually becomes lower in TM11, despite FD-MIMO deployment. This situation appears strange.
Proposal: Dynamic switching with up to rank-8 SU is supported. 
Non-orthogonal MU-MIMO is useful when the physical channels of two UEs are well separated in the spatial domain. We believe non-orthogonal multiplexing with 2 scrambling IDs should still be supported in TM 11. It is also needed for CoMP dynamic switching with massive MIMO (e.g. small cell scenario). 
Proposal: Two RRC configured scrambling IDs are supported in TM 11. 
Satisfying the criteria above implies that additional scheduling states (e.g. DMRS ports, scrambling, and number of PDSCH layers) should be added to existing DCI 2D. Accordingly, 4-bit is needed for DMRS signaling, e.g. 1-bit more than the current 3-bit signaling. 1-bit overhead leads to about 0.1dB coverage loss (assuming DCI 2D as baseline, 20MHz, 2CRS ports) which is negligible in our view, and can be easily offset by better system performance. Lastly, (E)PDCCH coverage will be improved by massive MIMO, thus control signaling coverage is not an issue.
Proposal: 4-bits for DMRS signaling is supported.
OCC-2 achieves better channel estimation in high-speed scenario than OCC-4. For legacy TM10, OCC-2 is used for rank-1 and rank-2, while OCC-4 is used for rank 3-8. It is worth discussing if fallback to OCC-2 should be supported in the new DCI format. In our view, high-speed UEs are not very relevant to high-order MU-MIMO, and we do not expect meaningful performance gain of MU-MIMO for high-speed UE. Hence OCC-2 is not a hugely critical feature. That being said, if there are any unused entries in the DCI table, supporting OCC-2 can be considered providing that it does not delay the WI.
Observation: 
· OCC-2 (targeting high-speed scenario) is not a very relevant use case for high-order MU-MIMO.
· OCC-2 may be considered if it doesn’t complicate the design and there are unused entries in the DCI table.
3. DCI format design

With the above discussion, a possible DCI design is given in Table I. 
Table I: Exemplary DCI for TM11

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled

(OCC 2 or OCC 4)
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled
(OCC = 4)

	0
	1 layer, port 7, nSCID=0,       OCC 2
	0
	2 layers, ports {7,8}, nSCID=0

	1
	1 layer, port 7, nSCID=1,      OCC 2
	1
	2 layers, ports {7,8}, nSCID=1

	2
	1 layer, port 8, nSCID=0,      OCC 2
	2
	2 layers, ports {11,13}, nSCID=0

	3
	1 layer, port 8, nSCID=1,      OCC 2
	3
	2 layers, ports {11,13}, nSCID=1

	4
	1 layer, port 7, nSCID=0       
	4
	3 layers, ports {7,8,11}, nSCID=0

	5
	1 layer, port 7, nSCID=1     
	5
	3 layers, ports {7,8,11}, nSCID=1

	6
	1 layer, port 8, nSCID=0      
	6
	4 layers, ports {7,8,11,13}, nSCID=0

	7
	1 layer, port 8, nSCID=1      
	7
	4 layers, ports {7,8,11,13}, nSCID=1

	8
	1 layer, port 11, nSCID=0     
	8
	5 layers, ports {7,8,9,10,11}, nSCID=0

	9
	1 layer, port 11, nSCID=1      
	9
	6 layers, ports {7,8,9,10,11,12}, nSCID=0

	10
	1 layer, port 13, nSCID=0      
	10
	7 layers, ports {7,8,9,10,11,12,13}, nSCID=0

	11
	1 layer, port 13, nSCID=1      
	11
	8 layers, ports {7,8,9,1011,12,13,14}, nSCID=0

	12
	2 layers, ports {7,8}, nSCID=0,    
	12
	reserved

	13
	3 layers, ports {7,8,11}, nSCID = 0   
	13
	reserved

	14
	4 layers, ports {7,8,11,13}, nSCID = 0 
	14
	reserved

	15
	Reserved
	15
	reserved


It is noted that for 1-CW transmission (rank 2, 3, 4 as circled), DMRS uses port {7,8,11,13}, instead ports {7,8,9,10} of legacy TM10 (shown in the appendix). The rationales are:
· Lower complexity: Ports {7,8,11,13} are already supported for the same rank for 2-CW (shown by the arrows). Using the same port for 1CW and 2CW for the same rank simplifies UE implementation, as one channel estimator is needed. 
· Better performance: 
As shown by plenty of simulation in the SI stage, port {7,8,11,13} (12 RE overhead) achieves better system performance than ports {7,8,9,10} (i.e. 24RE overhead). This is precisely the technical reason we agreed on OCC = 4 in RAN1#82bis. Hence using port {7,8,11,13} is natural.
It is further noted that OCC = 2 is limited to rank-1.  Since it targets high-speed scenario, its use case for rank-2 might be non-critical.
4. Conclusions

In this contribution we discussed the transmission mode and DCI format for enhanced DMRS. Our proposals are summarized in the following. 

Proposal:

· Dynamic switching with up to rank-8 SU is supported. 

· Two RRC configured scrambling IDs are supported in TM 11.
· 4-bits for DMRS signaling
· OCC-2 is not a very relevant use case for high-order MU-MIMO. However it may be considered if it doesn’t complicate the design and there are unused entries in the DCI table 
A possible DCI format design is provided in Table I. 
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Appendix

Table 2: Antenna port(s), scrambling identity and number of layers indication in DCI 2C

	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


Note:  The same DMRS ports are used for 1-CW and 2-CW (under the same rank)
4.1.1 CSI-RS density

