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1 Introduction
In 3GPP RAN1 #68 meeting, the following working assumption was agreed upon with regards the downlink DMRS in support of CoMP [1]:
· Enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. 
· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by
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· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.
· The value of N and details of dynamic selection are FFS.
· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID

· The value range of x(n) (0<=n<N) is FFS.
In this contribution, Samsung’s view on the dynamic switching of cinit to generate the DMRS scrambling sequence for supporting the above CoMP schemes is presented.
2 Dynamic Indication of Cinit
As noted in previous contributions [2] and [3], dynamic switching between multiple values of cinit is required to provide efficient support of CoMP and MU-MIMO operation in Release 11. For example, in CoMP scenario 4, different TPs sharing the same physical cell ID may utilize different values for X (or virtual cell ID) depending on scheduler decision. Therefore, as captured in the above agreement, dynamic signalling should be supported in Release 11 that allows the network to dynamically switch the value of X. 

In addition to the value of X, one other parameter that needs to be switched dynamically is the subframe offset represented by ns in the above equation for the scrambling initialization state. The reason for this requirement is to dynamically switch the value of ns is according to 2 different cells involved in CoMP having different subframe offsets. Figure 1 shows a UE receiving MU-MIMO transmission from 2 cells which different Cell IDs and subframe offsets.
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Figure 1. MU-MIMO transmission to Release 11 UE from 2 cells under DPS operation.
In Figure 1, it was assumed that Cell A and Cell B have different subframe offsets as it is currently supported by the LTE specification since Release 8. As shown in Figure 1, the Release 11 UE can receive MU-MIMO transmission from either Cell A or Cell B. When the Release 11 UE is co-scheduled with a Release 10 UE, the cinit in generating the DMRS scrambling sequence has to switch to match the cinit of the Release 10 UE connected to the corresponding cell. For example, in the figure, when the Release 11 UE is co-scheduled with a Release 10 UE as in the left part of Figure 1, the values of X and ns for the Release 11 UE has to dynamically switch according to the values of X and ns of Cell A. The dynamic switching of cinit considering both X and ns for Figure 1 is summarized in Table 1.
Table 1. Dynamic switching of values X and ns in cinit.
	Indication on DCI
	Virtual Cell ID
	Subframe Offset

	0
	Cell ID A
	Subframe Offset of Cell ID A

	1
	Cell ID B
	Subframe Offset of Cell ID B

	…
	…
	…


The subframe offset for different cells can be configured using higher layer signalling in a manner similar to that of X. Additionally, the actual value to be conveyed to the UE can be a delta value with reference to the subframe offset of the cell that the UE is connected to. The delta value in such a case would be an integer value in the range of [-4, 5]. Note that the above example is only provided for the case where two cells are involved.
Proposal 1: Dynamic switching should allow the network to switch between multiple combinations of X (Virtual Cell ID) and subframe offset where candidate values for both parameters are configured using UE specific higher layer signalling.
3 Number of Candidate Cinit Values
Another important issue that needs to be agreed upon is the number candidate values for cinit. In order to determine an adequate number, we first list the objectives for dynamic switching below:
· Maintain DMRS orthogonality for MU-MIMO transmissions

· Randomize interference between the signals from two TPs intended for different UEs

In Figure 2, different combinations of co-scheduled UEs for MU-MIMO are illustrated under CoMP scenario 4 where DPS is assumed. The purpose of Figure 2 is to determine the number of candidate values of cinit that should be supported in Release 11.
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Figure 2. Different combinations of co-scheduled UEs for MU-MIMO under CoMP scenario 4.
In Figure 2, it can be observed that Release 11 UE2 which is in between TP1 and TP2 can receive 3 different combinations of MU-MIMO co-scheduling. The combinations are
· MU-MIMO transmission from TP1 where Release 11 UE2 is co-scheduled with Release 11 UE1
· MU-MIMO transmission from TP2 where Release 11 UE2 is co-scheduled with Release 11 UE3
· MU-MIMO transmission from TP1 or TP2 where Release 11 UE2 is co-scheduled with a Release 10 UE
In order to achieve the objectives listed above for the three different combinations of co-scheduled UEs, it can be easily deduced that the UE needs to support at least three candidate values of cinit. The requirement of having to support at least three candidate values of cinit was obtained assuming MU-MIMO transmission and DPS operation for two TPs. More than three candidate values might be necessary if DPS is operated over more than two TPs.
Note that maintaining the orthogonality of DMRS for MU-MIMO transmission is only valid for the case when a UE is receiving a rank 1 transmission. For the other cases where UE is receiving rank 2 or higher, it is not possible to achieve DMRS orthogonality with another co-scheduled UE while using the current downlink MU-MIMO DMRS structure. Therefore, when rank 2 or higher is transmitted to a UE, the only objective of dynamically switching between multiple cinit values would be to achieve interference randomization between different TPs.

Proposal 2: For rank 1 (per UE) transmission, support up to four cinit candidate values.

Observation: For rank 2 or higher (per UE) transmissions, maintaining DMRS orthogonality is no longer possible with the existing DMRS structure. Study how many cinit candidate values are adequate for interference randomization between different TPs.
4 Conclusion
This contribution summarizes Samsung’s view dynamic switching of cinit in generating the DMRS scrambling sequence. It was noted that the objective of the dynamic switching operation is to maintain DMRS orthognality for MU-MIMO transmissions and to randomize interference between different TPs when transmitting to different UEs. The following proposals are made:

Proposal 1: Dynamic switching should allow the network to switch between multiple combinations of X (Virtual Cell ID) and subframe offset where candidate values for both parameters are configured using higher layer signalling.
Proposal 2: For rank 1 (per UE) transmission, support up to four cinit candidate values.

Additionally, the following observation was made:
Observation: For rank 2 or higher (per UE) transmissions, maintaining DMRS orthogonality is no longer possible with the existing DMRS structure. Study how many cinit candidate values are adequate for interference randomization between different TPs.
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