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1. Introduction

In RAN1#82, a working assumption of OCC=4 and 12REs for higher order MU-MIMO transmission was agreed. As of RAN1#82bis, the number of bits used for DMRS indication table was not agreed yet. In this contribution, we discuss DCI related signaling designs for OCC=4 MU-MIMO transmission.
2. Design principles for 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 DCI format definitions. The indicator bits according to Rel. 12 essentially limit the maximum number of MU layers (with orthogonal DMRS) to 2. If OCC-4 DMRS is agreed, the number of orthogonal layers will increase to 4. The simplest signaling solution would be to increase the size of “Antenna port(s), scrambling identity and number of layers indication” from 3 to 4 bits. This option is reflected in the following agreement from RAN1#82bis [2].

Agreement:

· Agree that a new table will be adopted, configurable by RRC, for the signalling of the DMRS configuration

· FFS until RAN1#83 whether 3 or 4 bits are used, and details. 

However, increasing the size of DCI will result in some problems, e.g., the DCI decoding performance would be affected due to the increase of the table size, and it would also introduce extra changes to the specifications. Therefore, we propose to keep the size of DCI unchanged to support the OCC-4 DMRS design.

Proposal-1: Keep the DCI size unchanged to support OCC-4 DMRS.
With the assumption of OCC-4 DMRS and unchanged DCI size, we have several degrees of freedom to consider for the detailed design. The factors are:

1. The maximum number of layers (up to 4 or 8 layers) for SU-MIMO transmission
2. Whether OCC-4 12RE DMRS can be used to support 3 and 4 layer SU-MIMO transmission
3. Whether nSCID selection be retained for MU-MIMO operation
Proposal-2: Consider the following factors for detailed design for supporting enhanced DMRS - the maximum number of layers for SU-MIMO transmission, support for 3 and 4 layer SU-MIMO transmission with length 4 OCC, and support for nSCID for MU-MIMO operation.
3. Control channel design for OCC-4 DMRS

In order to keep the size of the port and SCID mapping table unchanged, some of the current entries must be replaced. Different tradeoffs could be made in the design, which is discussed below:
Alternative 1: Support maximum 4 layers of SU-MIMO, and support SU- and MU-MIMO using OCC-4 12RE DMRS
Our previous contribution [1] shows that the number of spatially co-scheduled UEs is rarely greater than 4 in simulated scenarios, so the design assumption in this contribution is to support up to 4 users for MU-MIMO. Further, a possibility is to reduce the maximum number of supported SU-MIMO layers. An example table is shown below:
Table 1: DMRS port and SCID mapping with OCC-4 and 12 REs
	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
	3 layers, ports 7-8, 11

	5
	1 layer, port 11, nSCID=1
	5
	4 layers, ports 7-8, 11, 13

	6
	1 layer, port 13, nSCID=0
	6
	3 layers, ports 7-9

	7
	2 layer, ports 7-8
	7
	4 layers, ports 7-10


In this case, up to 8 layers are supported for MU transmission with scrambling id. If it is assumed that 4Rx UEs are prevalent then SU-MIMO transmission up to 4 layers is sufficient. One observation on this design is that with pure single stream transmission, at most 7 users can be multiplexed in the spatial domain, because one entry of the table is reserved for HARQ retransmissions. Since each user has at most 4 layers for SU transmission and 2 layers for MU transmission, one entry for HARQ will suffice. Furthermore, new methods of supporting 3- and 4-layer SU-MIMO using OCC4 and 12 REs are provided in the entries indexed 4 and 5 for two-codeword transmissions. The legacy transmission methods are retained in 6 and 7. 
Alternative 2: Remove scrambling id, and support up to 4 layers SU-MIMO transmission
Due to TM10, multiple VCIDs can be used to generate reference signals in a given cell, and thus the need for SCIDs is weakened. With this in mind, another option is to design a table without SCID. An example is shown below.
Table 2: DMRS port mapping with OCC-4 and 12 REs (without SCID)
	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
	0
	2 layers, ports 7-8 (OCC2)

	1
	1 layer, port 8
	1
	2 layers, ports 7-8 (OCC4)

	2
	1 layer, port 11
	2
	2 layers, ports 11, 13

	3
	1 layer, port 13
	3
	3 layers, ports 7-8, 11

	4
	2 layers, ports 7-8
	4
	4 layers, ports 7-8, 11, 13

	5
	Reserved
	5
	Reserved

	6
	Reserved
	6
	Reserved

	7
	Reserved
	7
	Reserved


In this design, a single entry for HARQ re-transmission still suffices. Besides, UEs can explicitly obtain the knowledge of the length of cover codes when port 7 and 8 are used, which provides certain benefits for channel estimation.

Alternative 3: Remove scrambling id, and support up to 8 layers SU-MIMO
Another possibility is to utilize VCID for differentiating users while including the opportunity to transmit as many SU layers as possible. An example table could be as follows.
Table 3: DMRS port mapping with OCC-4 (without SCID)

	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
	0
	2 layers, ports 7-8

	1
	1 layer, port 8
	1
	2 layers, ports 11,13

	2
	1 layer, port 11
	2
	3 layers, ports 7-9

	3
	1 layer, port 13
	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 this case, a UE may suffer some channel estimation performance loss because the length of the cover codes is always 4. However, a maximum of 8 layers transmission for SU-MIMO is retained.
4. Conclusion
In this contribution, we presented our opinion regarding some of the potential enhancements for FD-MIMO with the following proposals and observations:

Proposal-1: Keep the DCI size unchanged to support OCC-4 DMRS.

Proposal-2: Consider the following factors for detailed design for supporting enhanced DMRS - the maximum number of layers for SU-MIMO transmission, support for 3 and 4 layer SU-MIMO transmission with length 4 OCC, and support for nSCID for MU-MIMO operation.

References

[1] R1-153098, “DMRS enhancements for FD-MIMO,” Nokia Networks, RAN1#81
[2] Draft Minutes Report, “Draft Report of 3GPP TSG RAN WG1 #82bis,” 3GPP, RAN1#82bis

