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1. Introduction

The DM-RS enhancement for DL CoMP was discussed and the following working assumptions were agreed in RAN1#66bis meeting [1]:

· Same DMRS sequence generator as in Rel-10 is used.

· A UE can be semi-statically configured in a UE-specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.

· Initialization values can be configured to correspond to Rel-10 DMRS. 

· FFS: Introduction of additional orthogonality for DMRS

In this contribution, the possible flexible DM-RS configurations for DL CoMP are compared. Also, the signaling method in support of additional orthogonality is discussed.
2. DM-RS sequence initialization
In Rel-10, the DM-RS (UE-specific) scrambling sequence [2] is defined as 
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where the pseudo-random sequence 
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at the start of each subframe. From equation (1), it can be shown that the initialization of pseudo-random sequence is related to the cell ID. For CoMP scenario 4, transmission points (TPs) share the same cell ID with the macro cell. When the UEs from different TPs are scheduled in the same time/frequency and the same antenna port, the collision occurs due to the same DM-RS scrambling sequence. This will degrade the channel estimation accuracy and influence the system throughput. Therefore, to randomize the interference between DM-RSs, the distinct initialization value can be considered to generate individual scrambling sequence for each UE irrespective of macro cell ID.
In this contribution, two alternatives are taken into consideration:

Alternative 1: RNTI based DM-RS scrambling method

To mitigate the interference of DM-RS between spatial multiplexed UEs, the RNTI based DM-RS can be applied. For example, the pseudo-random sequence 
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where 
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 is the identification of UE. Since the co-scheduled UEs from different TPs are initialized with different DM-RSs, the interference can be reduced to some level. However, this is not feasible for the case of intra-TP MU-MIMO where one TP transmits to multiple UEs simultaneously in a given time/frequency resource via spatial multiplexing. Considering the case of TM 8 and TM 9, the same scrambling sequence and two orthogonal cover codes (OCCs) of length 2 are used for the orthogonal multi-user paring within one TP. If the RNTI based DM-RS scrambling method is introduced, the orthogonality of paired UEs from the same TP is destroyed.
Alternative 2: Virtual cell ID based DM-RS scrambling method

Another possibility is the virtual cell ID based DM-RS scrambling method, where the pseudo-random sequence 
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The virtual cell ID, 
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, is a nominal identification of TP which could be signalled to the UE via RRC signalling. If the UEs connected to different TPs are configured with distinct virtual cell IDs, the interference of DM-RS can be reduced. Besides, different from the RNTI based DM-RS scrambling method, the orthogonality between port 7 and port 8 can be maintained through OCC, which facilitates intra-TP MU-MIMO operation. Considering inter-TP MU-MIMO, it is also possible to introduce orthogonal DM-RS port due to the configurable virtual cell ID. For example, if there are two UEs, UE1 and UE2, connected to TP1 and TP2 respectively. Both UEs are configured with the same virtual cell ID and the orthogonal DM-RS port can be signalled through DCI format 2C.
From the above discussion, both RNTI based and virtual cell ID based DM-RS scrambling method can mitigate the DM-RS interference. However, the virtual cell ID based scrambling method seems to be a better choice because of the flexibility and the feasibility for CoMP and/or MU-MIMO operation. 
Proposal 1: The configurable virtual cell ID can be considered to generate the DM-RS scrambling sequence.
3. Additional orthogonality for DM-RS
In Rel-10, MU-MIMO was mainly designed for the scenario of macro cell and a maximum of four layers multiplexing is supported through two orthogonal DM-RS ports (port 7 or port 8) and two non-orthogonal scrambling sequences (
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= 1 or 0). Considering the CoMP with distributed TPs in Rel-11, users under macro cell and TPs can be scheduled in the same time/frequency resources to exploit the area splitting gain. As mentioned in section 2, the interference between DM-RS can be reduced through flexible configuration of initialization of pseudo-random sequence and there are at most two orthogonal DMRS ports when one layer transmission is used for each UE (port 7 and port 8). Nevertheless, the interference still exists when there is more than one layer from each TP. To achieve more cell splitting gain, additional orthogonality can be introduced by increasing the flexibility of assignment of more antenna ports.
In [3], FDM-based additional orthogonality is considered by introducing antenna port 9 and port 10 to support orthogonal two layers transmission. However, the DCI format 2C defined in [4] only supports antenna port 7 and port 8 for MU-MIMO. In order to signal the extra antenna port to the UE, it may require extra bits and increase the size of DCI format. 
By using the virtual cell ID based scrambling method, it is possible to indicate antenna port 9 and port 10 to the UE without increasing the size of DCI format. For example, the virtual cell ID can be divided into two exclusive sets, 
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 and 
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, and the complete set of virtual cell ID is 
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, the  definition of three bits used to indicate antenna port(s), scrambling identity and number of layers is the same as that in Rel-10 [4] (see Table 1 in the appendix). To utilize antenna port 9 and port 10, the virtual cell ID 
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 can be configured to the UE and the definition of three bits used to indicate antenna port(s), scrambling identity and number of layers is shown as Table 2 in the appendix.
Proposal 2: To further enhance the orthogonality of DM-RS, the antenna port 9 and port 10 can be introduced. Also, the indication of additional port is connected with the virtual cell ID.
4. Conclusion

Considering the DM-RS enhancement for DL CoMP, we have the following two proposals.
Proposal 1: The configurable virtual cell ID can be considered to generate the DM-RS scrambling sequence.

Proposal 2: To further enhance the orthogonality of DM-RS, the antenna port 9 and port 10 can be introduced. Also, the indication of additional port is connected with the virtual cell ID.
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Appendix
Table 1
	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


Table 2
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 9, nSCID=0
	0
	2 layers, ports 9-10, nSCID=0

	1
	1 layer, port 9, nSCID=1
	1
	2 layers, ports 9-10, nSCID=1

	2
	1 layer, port 10, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 10, 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
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