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1 Introduction
In the RAN1#82bis meeting, the following agreements were achieved for additional DMRS ports [1]: 
Agreements on additional DMRS ports:
· 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]


· 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.
In this contribution, the remaining details for additional DMRS ports will be discussed.
2 Remaining issues
Support of dynamic switching of VCID
In the current specification, TM10 support dynamic switching of VCID. Dynamic switching of VCID is beneficial for CoMP operation by allowing UE to be served from preferred transmission point. However, we can consider replacing this VCID switching feature for additional DMRS ports since the purpose of DMRS enhancement in FD-MIMO is to support high order multi-user spatial multiplexing. More details on this method will be discussed in the next section. If VCID switching feature is required, we can configure legacy DMRS table by RRC signaling. In addition, FD-MIMO study item has not evaluated CoMP scenario and thus we propose that dynamic switching of VCID is not supported in a new table for DMRS enhancement.
Observation1:
· Dynamic switching of VCID is beneficial primarily for CoMP but FD-MIMO study item has not evaluated this scenario.
Proposal1:
· Dynamic switching of VCID is not supported.
OCC length for rank 3 and 4 transmission
In the last RAN1#82b meeting, WF on DCI signalling for additional DMRS ports was suggested [2]. In the proposal of signaling DMRS configuration, OCC length 4 was proposed for rank 3 and 4 transmission. However, enhancement on OCC length for SU-MIMO is out of scope of the work item. Therefore, we propose OCC length 2 is maintained for rank 3 and 4 as in Rel-12.
Observation2:
· Enhancement on OCC length for SU-MIMO is out of scope of the work item.
Proposal2:
· OCC length for rank 3 and 4 is maintained as in Rel-12 (OCC length = 2).
Support for dynamic switching of OCC length 2 and 4
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. If the dynamic switching of OCC length 2 and 4 is supported, an indication method should be defined. Since we prefer to maintain the size of DCI table as 3bits by removing the dynamic SCID switching feature in the DCI (More details will be discussed in the next section), we propose that dynamic switching of OCC length is not supported via new DMRS table and reuse existing DCI field such as PQI. The observations and proposals are summarized below:
Observation3:
· Necessity of dynamic switching of OCC length 2 and 4 has not be verified during the course of the study item.

· Benefits of dynamic switching of OCC length 2 and 4 is limited to the case of joint transmission between two cells with carrier frequency offset.
Proposal3:
· Dynamic switching of OCC length is not support via new DMRS table.
· Dynamic switching of OCC length should reuse existing DCI field such as PQI (if supported).
New DMRS port configuration for rank 2
In the last RAN1#82b meeting, new DMRS port configuration for rank 2 was proposed for DMRS enhancement [3]. Specifically, instead of the previous DMRS port configurations with 7+11 and port 8+13 (Alt.1), the new DMRS port configurations with 7+11 and port 8+13 (Alt.2) were proposed in order to maximize orthogonal MU pairing with legacy rank 1 UEs. However, one issue we may need to consider is the NAICS operation that is supported for Rel.12. A Rel.12 UE that supports NAICS will try to detect DMRS from neighbouring cells. If a Rel.13 UE uses new DMRS port configuration (Alt.2: 7+11 or 8+13), a Rel.12 UE may not correctly detect DMRS (port 11 or 13) of neighbouring cell. Therefore, considering legacy UE operation, we propose that Alt.1 is supported.
Observation4:
· NAICS UEs will not be able to detect port 11 or 13 when eNB transmits with Alt2 (7+11 or 8+13).
Proposal4:
· Alt.1 (7+8 or 11+13) is supported.
DMRS enhancement in extended CP

Until now, DMRS enhancement has been focused on normal cyclic prefix (CP). However, we can think of extension of DMRS enhancement into extended CP. In the current specification, only antenna ports 7 and 8 are supported for extended CP. Therefore, additional specification works are expected to enabling additional DMRS ports to extended CP. Given the situation to finalize FD-MIMO work item in RAN1#83, it is unclear whether the relevant specification work can be completed within the schedule. Moreover, the performance advantage of DMRS enhancement in extended CP was not studied. In this aspect, we propose that DMRS enhancement in extended CP is not supported.
Observation5:
· DMRS enhancement in extended CP requires additional specification works.
· Benefits of DMRS enhancement in extended CP were not studied.
Proposal5:
· DMRS enhancement in extended CP is not supported.
3 Signalling details of additional DMRS ports

Based on the observations and proposals in the previous section, in this section we propose signaling details of additional DMRS ports.
The proposed DCI table for signalling of additional DMRS ports
To assign additional DMRS ports, various alternatives were proposed to design the DCI table by utilizing 3 bits (same as Rel-12) or 4 bits (1 bit increase from Rel-12) [4]. Among various alternatives [4], we prefer to maintain the size of DCI table as 3bits by removing the dynamic SCID switching feature in the DCI. The motivation of this alternative 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. Specifically, this alternative is shown in Table 1 where 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. As we proposed in the previous section, in Table 1, OCC length for rank 3 and 4 transmissions are maintained as 2, dynamic switching of OCC length for rank 1 and 2 transmissions are not supported, and dynamic VCID switching is not supported. Therefore we propose:
Proposal6:
· We prefer to maintain the size of DCI table for signalling additional DMRS ports as 3bits by removing SCID switching in the previous DMRS table.
Table 1 The proposed DCI table (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 (OCC length=4)
	0
	2 layers, ports 7-8 (OCC length=4)

	1
	1 layer, port 8 (OCC length=4)
	1
	2 layers, ports 11/13 (OCC length=4)

	2
	1 layer, port 11 (OCC length=4)
	2
	3 layers, ports 7-9 (OCC length=2)

	3
	1 layer, port 13 (OCC length=4)
	3
	4 layers, ports 7-10 (OCC length=2)

	4
	2 layers, ports 7-8 (OCC length=2)
	4
	5 layers, ports 7-11 (OCC length=4)

	5
	3 layers, ports 7-9 (OCC length=2)
	5
	6 layers, ports 7-12 (OCC length=4)

	6
	4 layers, ports 7-10 (OCC length=2)
	6
	7 layers, ports 7-13 (OCC length=4)

	7
	Reserved
	7
	8 layers, ports 7-14 (OCC length=4)


DCI format

Finally, we discuss about DCI format to support additional DMRS ports. In order to support additional DMRS ports, modification on DCI is required in terms of increase in size or interpretation of the field related to DMRS. In this case, following two alternatives can be considered for a DCI format supporting DMRS enhancement:
· Alt.1: Maintain as 3bits for DMRS signalling and reuse DCI format 2C and/or 2D.
· Alt.2: Increase into 4 bits for DMRS signalling and introduce new DCI format (2E).
Based on the proposed DCI table (Table 1), we prefer Alt. 1. The proposal from this section is summarized below:
Proposal7: We prefer Alt.1 between following two alternatives for a DCI format supporting DMRS enhancement.

· Alt.1: Maintain as 3bits for DMRS signalling and reuse DCI format 2C and/or 2D.
· Alt.2: Increase into 4 bits for DMRS signalling and introduce new DCI format (2E). 
4 Conclusions
In this contribution, the remaining details for additional DMRS ports were discussed and we made following observations and proposals:
Observation1:
· Dynamic switching of VCID is beneficial primarily for CoMP but FD-MIMO study item has not evaluated this scenario.
Proposal1:
· Dynamic switching of VCID is not supported.
Observation2:
· Enhancement on OCC length for SU-MIMO is out of scope of the work item.
Proposal2:
· OCC length for rank 3 and 4 is maintained as in Rel-12 (OCC length = 2).
Observation3:
· Necessity of dynamic switching of OCC length 2 and 4 has not be verified during the course of the study item.

· Benefits of dynamic switching of OCC length 2 and 4 is limited to the case of joint transmission between two cells with carrier frequency offset.
Proposal3:
· Dynamic switching of OCC length is not support via new DMRS table.
· Dynamic switching of OCC length should reuse existing DCI field such as PQI (if supported).
Observation4:
· NAICS UEs will not be able to detect port 11 or 13 when eNB transmits with Alt2 (7+11 or 8+13).
Proposal4:
· Alt.1 (7+8 or 11+13) is supported.
Observation5:
· DMRS enhancement in extended CP requires additional specification works.
· Benefits of DMRS enhancement in extended CP were not studied.
Proposal5:
· DMRS enhancement in extended CP is not supported.
Proposal6:
· We prefer to maintain the size of DCI table for signalling additional DMRS ports as 3bits by removing SCID switching in the previous DMRS table. 

Proposal7: We prefer Alt.1 between following two alternatives for a DCI format supporting DMRS enhancement.

· Alt.1: Maintain as 3bits for DMRS signalling and reuse DCI format 2C and/or 2D.
· Alt.2: Increase into 4 bits for DMRS signalling and introduce new DCI format (2E).
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