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1 Introduction
In the RAN1#82 meeting, the following working assumption was achieved for DMRS enhancement [1]: 
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]


In this contribution, the signaling details for additional DMRS ports will be discussed. The power imbalance issues for DMRS enhancement is discussed in our companion contribution [2].
2 Signalling details for additional DMRS ports

Current DMRS design supports up to 2 orthogonal ports for multi-user spatial multiplexing operation. In order to support additional DMRS ports, a new table for indication of antenna port(s), scrambling identity and number of layers would be required. The design of this table needs to consider different aspects of FD-MIMO operation and the consequent overhead on the new DCI format. Some of the aspects that need to be considered are:

· Enhanced DMRS structure (number of orthogonal ports, length of OCC, etc)
· Degree of flexibility in assigning DMRS ports
· Additional overhead on the new DCI format
The flexibility with which DMRS assignment can be done by an eNB is dependent on the number of bits used for DMRS assignment. While a large number of bits will provide full flexibility, it is worth considering whether such full flexibility is actually beneficial in terms of system performance. Our preference would be to design the new DCI to be reasonably flexible in DMRS assignment while minimizing additional overhead on the DCI format

Proposal 1: Minimize additional bits for assignment of enhanced DMRS ports in the new DCI format.
In the RAN1#82 meeting, as OCC length of 4 was decided as the working assumption of DMRS enhancement, one additional issue that needs to be considered for signalling is whether OCC length indication needs to be supported for dynamic OCC length switching. In the following subsections, OCC length and DMRS assignment indication will be discussed in details.
2.1 Dynamic switching of OCC length
In this section, we discuss the necessity of dynamic switching of OCC length. The downside of using OCC length 4 is that the channel estimation performance would be more susceptible to high Doppler scenarios. However, at this point, there is no simulation data on how Doppler spread affects the channel estimation performance for FD-MIMO. 

Another potential issue is the susceptibility of OCC length 4 in case of joint transmissions from two different transmission points that have a frequency offset. In this case, the UE would synchronize to the TP as indicate by QCI. However, if there is a frequency offset between the two transmitting TPs, the UE would be subject to adverse effects. Since OCC length 2 is less susceptible to Doppler spread, it can be argued that for joint transmissions with imperfect frequency synchronization between TPs, OCC length 2 would be beneficial. However, at this point we have not seen evaluation results showing the severity of impact due to this imperfect frequency synchronization.
Observation 1: Necessity of supporting dynamic switching between OCC length 2 and OCC length 4 is not clear.
2.2 DMRS assignment indication
In this section, we provide details on how the DMRS assignment can be designed by utilizing 3 bits (same as Rel-12) or 4 bits (1 bit increase from Rel-12). The following alternatives outline different approaches for DMRS enhancement.
· Alternative 1: SCID switching is removed from DCI format 2D. The freed up codepoints are used for indication of the additional 2 DMRS ports.
· Alternative 2: Maximum rank is reduced from 8 to 4. The freed up codepoints are used for indication of the additional 2 DMRS ports.
· Alternative 3: Each UE is semi-statically configured with only 2 of 4 DMRS ports. SCID and maximum rank is maintained as in Rel-12.
· Alternative 4: Increase the DMRS assignment table size to support four orthogonal DMRS ports. One additional bit is required in DCI.
In the following, we describe details of the each alternative with an example.
In Alternative 1, additional DMRS ports are indicated by removing the dynamic SCID switching feature in the DCI. For example, as shown in Table 1, codepoints used for indication of different SCIDs are replaced by additional DMRS ports. In this case, SCID is set to a semi-statically configured value. The motivation of Alternative 1 is that since additional orthogonal DMRS ports are available, eNB would not need to rely on multiple scrambling sequences when transmitting to more than 2 UEs.
Table 1 Possible example of Alternative 1 (antenna port(s), scrambling identity and number of layers indication)

	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 Alternative 2, additional DMRS ports for multi-user spatial multiplexing are indicated by removing some of rank information. For example, as shown in Table 2, codepoints pertaining to high rank (rank 5~8) transmissions are used for indication of additional DMRS ports. The motivation of Alternative 2 is that since FD-MIMO relies on multi-user spatial multiplexing, higher rank transmissions in the form of single-user spatial multiplexing might not be necessary. Furthermore, supporting rank 5~8 would require 8 RX antennas at the UE which is unlikely to be implemented in the near future.
Table 2 Possible example of Alternative 2 (antenna port(s), scrambling identity and number of layers indication)

	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
	4
	3 layers, ports 7-9

	5
	1 layer, port 13
	5
	4 layers, ports 7-10

	6
	2 layers, ports 7-8
	6
	Reserved

	7
	Reserved
	7
	Reserved


For Alternative 3, the DMRS ports for multi-user spatial multiplexing are semi-statically configured. One group of UEs will be semi-statically configured with DMRS ports A and B for multi-user spatial multiplexing while another group of UEs will be semi-statically configured with DMRS ports C and D. While the assignment of the DMRS ports for multi-user spatial multiplexing is not fully flexible, there is no overhead increase and all other functions such as dynamic SCID switching and rank indication are unchanged. 
Table 3 Possible example of Alternative 3 (antenna port(s), scrambling identity and number of layers indication)
	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 or 11, nSCID=0
(Ports configured by RRC)
	0
	2 layers, ports 7-8 or 11/13, nSCID=0
(Ports configured by RRC)

	1
	1 layer, port 7 or 11, nSCID=1
(Ports configured by RRC)
	1
	2 layers, ports 7-8 or 11/13, nSCID=1
(Ports configured by RRC)

	2
	1 layer, port 8 or 13, nSCID=0
(Ports configured by RRC)
	2
	3 layers, ports 7-9

	3
	1 layer, port 8 or 13, nSCID=1
(Ports configured by RRC)
	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 Alternative 4, as shown in Table 4, additional DMRS ports can be straightforwardly indicated by increasing table size. However, one additional bit is required in DCI.
Table 4 Possible example of Alternative 4 (antenna port(s), scrambling identity and number of layers indication)

	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 7-9

	5
	1 layer, port 11, nSCID=1
	5
	4 layers, ports 7-10

	6
	1 layer, port 13, nSCID=0
	6
	5 layers, ports 7-11

	7
	1 layer, port 13, nSCID=1
	
	6 layers, ports 7-12

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

	9
	3 layers, ports 7-9
	
	8 layers, ports 7-14

	10
	4 layers, ports 7-10
	
	Reserved

	11
	Reserved
	
	Reserved

	12
	Reserved
	
	Reserved

	13
	Reserved
	
	Reserved

	14
	Reserved
	
	Reserved

	15
	Reserved
	7
	Reserved


The proposal from this section is summarized below:

Proposal 2: Down-select from the following alternatives of DCI design for DMRS enhancement
· Alternative 1: SCID switching is removed from DCI format 2D. The freed up codepoints are used for indication of the additional 2 DMRS ports.
· Alternative 2: Maximum rank is reduced from 8 to 4. The freed up codepoints are used for indication of the additional 2 DMRS ports.
· Alternative 3: Each UE is semi-statically configured with only 2 of 4 DMRS ports. SCID and maximum rank is maintained as in Rel-12.
· Alternative 4: Increase the DMRS assignment table size to support four orthogonal DMRS ports. One additional bit is required in DCI.
3 Conclusions
In this contribution, the signaling details for additional DMRS ports were discussed and we made following proposals:
Proposal 1: Minimize additional bits for assignment of enhanced DMRS ports in the new DCI format.
Observation 1: Necessity of supporting dynamic switching between OCC length 2 and OCC length 4 is not clear.
Proposal 2: Down-select from the following alternatives of DCI design for DMRS enhancement 
· Alternative 1: SCID switching is removed from DCI format 2D. The freed up codepoints are used for indication of the additional 2 DMRS ports.
· Alternative 2: Maximum rank is reduced from 8 to 4. The freed up codepoints are used for indication of the additional 2 DMRS ports.
· Alternative 3: Each UE is semi-statically configured with only 2 of 4 DMRS ports. SCID and maximum rank is maintained as in Rel-12.
· Alternative 4: Increase the DMRS assignment table size to support four orthogonal DMRS ports. One additional bit is required in DCI.
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