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1. Introduction
In RAN1 #68bis meeting, the working assumption (WA) was agreed for the initialization of DL DM-RS sequence as follows [1].
Working Assumption from RAN1 #68bis:

· For the DMRS sequence initialization
· Two candidate values of X are configured: x(0) and x(1)
· nSCID is reused for dynamic selection of x(0) or x(1) only for rank 1 and rank 2
· Note that nSCID equals to 0 for the rank larger than 2
· Further study is not precluded for the optimization for the higher rank
· Further study is not precluded for the dynamic selection of x(0) and x(1)
· Further study is not precluded for the dynamic switching or semi-static switching of subframe offset (ns)
According to the above WA, it was considered to reuse nSCID for dynamic selection between two candidate values of X (i.e., x(0), x(1)) for the DM-RS sequence initialization. In this contribution, we discuss about the remaining details on DL DM-RS sequence for CoMP.
2. Details of DL DM-RS sequence for CoMP
2.1. Flexibility issues for MU pairing between Rel-11 UEs
The current working assumption has the following limitation in MU pairing between Rel-11 UEs. First of all, we can think of a simple example for two cells (or transmission points (TPs)) as in Figure 1. In the figure, Cell 0’s ID is denoted by x(0), and Cell 1’s ID is denoted by x(1). 
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Figure 1. Two-cell example illustrating the limitation of the current WA.
UE A in Cell 0 may be configured with two X values by RRC signaling which are x(0) tied to nSCID=0, and x(1) tied to nSCID=1 based on the current WA. Considering co-scheduling of UE A & UE B by orthogonal DMRSs with different ports (e.g., port 7, 8) and same nSCID, UE B in Cell 1 should be configured with two X values by RRC signaling which are neighboring cell-ID x(0) tied to nSCID=0, and serving-cell ID x(1) tied to nSCID=1 based on the current WA. This restriction causes that UE B’s serving cell (Cell 1) cannot schedule UE B with higher rank transmissions with using its own cell ID as the scrambling sequence initialization seed. This restriction is not desirable for because no scrambling sequence randomization effect can be exploited between the two cells in higher rank transmission.
Observation #1:
- The current working assumption cannot support scrambling sequence randomization in higher rank transmissions if orthogonal MU pairing is targeted between Rel-11 CoMP UEs.
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Figure 2. Three-cell example illustrating the limitation of the current WA.
Figure 2 illustrates a three-cell example illustrating the limitation of the current WA. Cell 2 is added in the figure with its cell-ID denoted by x(2). Between UE A & UE B as well as between UE A & UE C, the limitation addressed in Figure 1 is shown in the same way, i.e., higher rank transmission from serving-cell cannot be supported when we consider MU paring between Rel-11 CoMP UEs.
Another important fact is that in this three CoMP UE case, the third UE (UE C in Figure 2) cannot even be co-scheduled with one of the other UEs by orthogonal DMRS with different ports (e.g., port 7, 8) and same nSCID, since in the figure, x(1) is tied to nSCID=0 for UE C and nSCID=1 for UE B, respectively.
Observation #2:
- The current working assumption cannot even support orthogonal MU pairing with different ports and same nSCID in three CoMP UE case, since at least one UE cannot be co-scheduled with one of the other UEs by orthogonal DMRS, due to inevitably different nSCID values between the UEs.
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Figure 3. Possible solution for supporting full flexible MU pairing.
As a simple possible solution, RAN1 can consider to just allow any combination of parameters between nSCID and x(n), e.g., both x(0) and x(1) can be linked to nSCID=0 when necessary. In other words, in addition to the two candidate parameter sets by the current WA

Set0: {x(0), nSCID=0},   Set1: {x(1), nSCID=1},

we can allow to signal semi-statically by RRC the two sets of such parameter combination between nSCID and x(n), out of the following all four sets of parameters:

Set0: {x(0), nSCID=0},   Set1: {x(1), nSCID=1},   Set2: {x(0), nSCID=1},   Set3: {x(1), nSCID=0}.

For example, based on eNB’s choice, not only Set0 & Set1 can be RRC configured as the current WA, but also sometimes Set0 & Set3 can be RRC configured for MU pairing between Rel-11 CoMP UEs. Note that there is no additional cost of dynamic indication bits in DCI format 2C, since always two sets out of all four sets of parameters can be selectively configured by RRC signaling.
We believe this is desired for supporting full flexible MU pairing in Rel-11 CoMP operation without requiring any additional cost or big changes over the current WA. It should be regarded to make the working assumption be in a complete form.
Proposal #1:
- RAN1 should consider solutions to make the current working assumption be in a complete form for supporting full flexible MU pairing in Rel-11 CoMP operation. 
2.2. DM-RS sequence according to DCI format
Though it was agreed that nSCID can be used for dynamic selection of two candidate values of X for the DM-RS sequence initialization, it is not clear when this selection rule is valid. As an example, DM-RS based data transmission can occur in the following cases in Rel-10 [2].
· TM 8 (dual layer transmission, port 7 and 8), DCI format 2B

· TM 9 (up to 8 layer transmission, ports 7-14), DCI format 2C
· TM 9 (especially for MBSFN subframe), DCI format 1A
For the third case, it is unclear whether the value of X for DCI format 1A is equal to x(0) of candidate values of X for DCI format 2C, or is set independently of the parameters for DCI format 2C. One possible way is to select the DM-RS sequence for DCI format 1A as one of the two candidate DM-RS sequences for DCI format 2C. However, there may be an ambiguity during the transition time for the reconfiguration of candidate values of X because both of DCI formats are affected by uncertain candidate values of X. Thus, the dependent DM-RS sequence initialization between DCI formats can limit the use of DM-RS based data transmission. To this end, it is preferred to use independent candidate values of X for different DCI formats. For example, if the value of X for DCI format 1A is set independently of the two candidate values of X for DCI format 2C, DM-RS based data transmission can be supported via DCI format 1A in the reconfiguration time, during which the candidate values of X for DCI format 2C are ambiguous. 
Proposal #2:
- The candidate values of X for different DCI formats need to be independent.
It needs to be considered whether the value of X for DCI format 1A should be signalled via higher layer or fixed. If higher layer signalling is supported, interference randomization can be applied for single layer transmission with DCI format 1A in MBSFN subframe. Otherwise, it can be possible that the value of X for DCI format 1A is simply set to be equal to the PCI, while the two candidate values of X for DCI format 2C can be set to virtual cell IDs configured from higher layer signalling via RRC.
Proposal #3:
- Independent higher layer signaling and reconfiguration for the candidate values of X for each DCI format should be considered.
2.3. Range of initialization value
The UE-specific parameter X for DM-RS sequence can be considered as either physical cell ID or TP-specific ID. Thus, x(n) which is a candidate for X should have the range of physical cell ID (i.e., [0, 503]), since the benefit is not clear to expand the current range which is based on physical cell ID.
Proposal #4: 
- The value of x(n) is in the range of [0, 503].
3. Conclusion
We considered in this contribution the enhancement of DL DM-RS sequence for CoMP. The following proposals were provided based on the discussion:
Proposal #1:
- RAN1 should consider solutions to make the current working assumption be in a complete form for supporting full flexible MU pairing in Rel-11 CoMP operation. 

Proposal #2:
- The candidate values of X for different DCI formats need to be independent.
Proposal #3:
- Independent higher layer signaling and reconfiguration for the candidate values of X for each DCI format should be considered.
Proposal #4: 
- The value of x(n) is in the range of [0, 503].
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