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1. Introduction
DMRS enhancement for high-order MU-MIMO in the context of FD-MIMO was studied in SI. Contrary to CSI feedback which was evaluated with realistic simulation assumption, some results on DMRS enhancements captured in the TR were based on highly ideal simulation assumptions including ideal CSI, full-buffer traffic, etc. Nevertheless, it was agreed to include the following objective 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
The issue was discussed in RAN1#82, where the following working assumptions were agreed:

 Working Assumption, subject to resolution of signalling and power imbalance issues:

· Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports
	Ports for MU transmission
	OCC

	Port 7 (‘) (detailed naming FFS)
	[1 1 1 1]

	Port 8 (‘) 
	[1 -1 1 -1]

	Port 11
	[1 1 -1 -1]

	Port 13
	[1 -1 -1 1]


Solutions for signalling and power imbalance should be submitted for RAN1#82bis. 

With the introduction of additional DMRS ports, a new transmission mode (e.g. TM 11) targeting high-order MU-MIMO for EBF/FD-MIMO is to be introduced. The associated DCI format (e.g. DCI 2E) depends on MU-MIMO dimensioning, DMRS pattern and the SU/MU scheduling capability to be supported. In this contribution we present our views on this issue. 
2. Discussion
Dynamic SU/MU switching is critical to cope with traffic burstiness, cell-loading fluctuation, achieve unified scheduler design and full system throughput optimization. It is an inherent component for LTE MIMO and has been supported since Rel.9. In order to retain flexible eNB scheduling, SU/MU dynamic switching up to 8-layer should be supported in FD-MIMO. 
In the last meeting it was proposed that enhanced MU-MIMO does not support dynamic switching up to 8-layer SU-MIMO. This is not preferable in our view.
· The rank of a wireless channel is not only dependent on the Rx array size but many other factors of the propagation environment. When the rank is low (e.g. rank 1 or 2), an 8Rx UE should be multiplexed with other 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, therefore is particular attractive from MU-MIMO perspective. On the other hand, if the channel rank increases (e.g. rank 5-8) the scheduler should be able to swiftly switch to high-rank SU-MIMO to exploit simpler and robust SU-MIMO transmission. Such switching should be dynamic, instead of being artificially disconnected to two semi-static TM, which reduces the number of UEs in the scheduling pool, limits scheduler flexibility and incurs throughput loss. To some extent, this is analogous to introducing 8 different transmission modes for 8 different ranks, which is inconsistent with existing LTE design 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 TM11 with upgraded FD-MIMO eNB is lower than legacy TM10 without FD-MIMO, which is a bizarre situation in our view. One may argue that the peak data rate can still be achieved with TM10; however this means that 8Rx UE and 2/4Rx UE cannot be scheduled in the same transmission modes any more, leading to artificial scheduling restriction and degraded system throughput. 
Proposal: Dynamic switching with up to rank-8 SU-MIMO is supported in TM11. 
There is also proposal to introduce several different DCI formats for the enhanced DMRS. One example is that different DCI are introduced for different UE capabilities (e.g. DCI 2E for 2-layer UE, DCI 2F for 4 layer UE, DCI 2G for 8 layer UE). Not only does it complicate the 3GPP specification, it also results in fragmented eNB scheduling behavior, complicates eNB/UE implementation as well as unnecessary specification/testing efforts. In contrast, following the TM 10 principle, a single DCI format enabling unified SU/MU scheduling of all ranks/UEs is preferable.
Proposal: Introduce a single DCI format and a single new TM 11 for enhanced DMRS.  

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 sequences should still be supported in TM 11, based on two RRC configured nSCID.  Increasing the number of nSCID beyond 2 is not expected to provide any further performance improvement. On the other hand, removing non-orthogonal scrambling is not preferred either, as it eliminates the possibility of CoMP dynamic point switching between FD-MIMO TPs. 
Proposal: Non-orthogonal MU-MIMO with two RRC configured scrambling IDs is supported in TM 11. 

Satisfying the criteria above implies that some additional scheduling states (e.g. DMRS ports, scrambling, and number of PDSCH layers) is to be added to existing TM10. Accordingly the DCI payload can be increased slightly, e.g. 1-bit. Although it is always desirable to minimize the DCI overhead, 1-bit overhead leads to only 0.1dB coverage loss (assuming DCI 2D as baseline, 20MHz, 2CRS ports) which is extremely negligible in our view. This can be easily offset by the gain from better scheduling flexibility. Furthermore, both PDCCH and EPDCCH benefit from massive MIMO in terms of coverage.
Proposal: 4-bits for signaling the DMRS/scrambling assignment in TM 11.
It is pointed out that OCC = 2 offers better channel estimation than OCC = 4, especially in high-speed scenarios. For port 7/8, it may be useful to indicate the OCC assumption (e.g. OCC-2 or OCC-4) to improve SU-MIMO reliability. This can be addressed by adding OCC-2 in the DCI, together with OCC-4 optimized for MU-MIMO. 
Proposal: UE assumption of OCC length (OCC-2 vs. OCC-4) can be signalled.
With the above considerations, a possible DCI design is provided in the Appendix. 
3. Conclusions

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

Proposal:

· Introduce a new DCI format (DCI 2E) and new TM (TM11) for enhanced DMRS.

· Full dynamic switching with 8-layer SU-MIMO is supported.
· Non-orthogonal MU-MIMO with two RRC configured scrambling IDs is supported. 

· 4 bits to indicate DMRS ports and scrambling.
· UE assumption of OCC length (OCC-2 vs. OCC-4) can be signalled.
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Appendix

	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,       OCC 4
	4
	3 layers, ports {7,8,11}, nSCID=0

	5
	1 layer, port 7, nSCID=1,      OCC 4
	5
	3 layers, ports {7,8,11}, nSCID=1

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

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

	8
	1 layer, port 11, nSCID=0,      OCC 4
	8
	5 layers, ports {7,8,9,10,11}, nSCID=0

	9
	1 layer, port 11, nSCID=1,      OCC 4
	9
	6 layers, ports {7,8,9,10,11,12}, nSCID=0

	10
	1 layer, port 13, nSCID=0,      OCC 4
	10
	7 layers, ports {7,8,9,10,11,12,13}, nSCID=0

	11
	1 layer, port 13, nSCID=1,      OCC 4
	11
	8 layers, ports {7,8,9,1011,12,13,14}, nSCID=0

	12
	2 layers, ports {7,8}, nSCID=0,    OCC 4
	12
	reserved

	13
	3 layers, ports {7,8,9}, nSCID = 0,   OCC 4
	13
	reserved

	14
	4 layers, ports {7,8,9, 10,}, nSCID = 0,  OCC 4
	14
	reserved

	15
	reserved
	15
	reserved
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