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1 Introduction
In 3GPP RAN1#58bis meeting, the demodulation reference signal (DMRS) sequence generation method was agreed for Rel-9 enhanced DL beamforming [1]. In brief, the DMRS sequence is a kind of cell specific sequence since the UE ID is excluded from the initialization of pseudo random sequence generator. Such DMRS sequence is optimized for single-cell MU-MIMO, but fails for coordinated multiple point transmission (CoMP), e.g. coordinated scheduling (CS), which could be viewed as multi-cell MU-MIMO. With the current agreed method, different cells must have different scrambling sequence for DMRS, i.e. DMRS for neighbour cells are not orthogonal, which degrades the performance. 
Since multi-cell MU-MIMO is a promising scheme to improve cell edge throughput as well as cell average throughput, this contribution discusses how to enhance the DMRS sequence for the operation under both single-cell and multi-cell MU-MIMO. 
2 DMRS sequence generation in Rel-9
In Rel-9 enhanced beamforming, CDM with length-2 Walsh spreading was agreed to provide 2 orthogonal DMRS ports. Further, considering the possibility of supporting up to 4 UEs without large degradation, 2 DMRS sequences are agreed. Actually, the use of the 2nd DMRS sequence is up to the eNB implementation since it is only quasi-orthogonal to the 1st DMRS sequence. 
According to [1], the DMRS sequence is defined by 
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where the pseudo-random sequence generator 
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 is a dynamically configurable scrambling ID in DCI format 2B, otherwise assumed to be 0.
From the above formulas, up to 2 cell specific DMRS sequences could be used by setting the proper scrambling ID 
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 in DCI format 2B. If the eNB co-schedules 2 UEs, it is better to use the same DMRS sequence to optimize channel estimation performance. If the eNB co-schedules more than 2 UEs, both DMRS sequences have to be used. 
3 Supporting multi-cell MU-MIMO
In LTE-A, CoMP is an important scheme to enhance both cell average and cell edge throughput, particularly with MU-MIMO where multiple UEs will be scheduled in the same PRBs in different cells via precoding matrix coordination. Similar to single-cell MU-MIMO, if UE can know the DMRS sequence of co-scheduled UE, the UE could use LMMSE equalization to cancel the inter-UE interference for better demodulation/decoding performance. However, with the agreed method in Rel-9, different cells will have different DMRS sequence. UE cannot know the DMRS sequence of other cells unless the cell IDs of other cells are known. It is obviously not desirable to signal the cell ID of interfering cells due to the large signalling overhead. As an alternative, UE may assume the major interfering UE must be from a cell in the CoMP reporting set, however, UE has to do much blind detection find the exact DMRS port resource used by interfering UE. On the other hand, even when DMRS sequences of major interfering UEs are know, such DMRS sequences are only quasi-orthogonal to DMRS sequence of desired UE, i.e. no optimal channel estimation performance is guaranteed. 
Based on above observation, neighbour cells could use the same DMRS sequence, so that the sequence can be known without much complexity and further enable the full othogonality of DMRS by Walsh spreading among neighbour cells. On the other hand, a common sequence to all cells in the system results in MBSFN type of interference when the same DMRS sequence + the same Walsh code are reused. So, it is better to define a kind of cell-group-specific DMRS sequence to optimize multi-cell MU-MIMO since the number of Walsh codes used is just 2. Then DMRS sequence is common to a group of cells doing MU-MIMO transmission and different DMRS sequences are used in other interfering cells. The configuration of cell group ID could be semi-static for each cell or the cell group ID could be configured on a per UE basis. 
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Figure 1: Rank 4 DRS pattern in LTE-A
Actually, to optimize both single-cell MU-MIMO and multi-cell MU-MIMO, the eNB should support both types of DMRS sequences. In the following, the agreed FDM/CDM DRS structure for rank up to 4 is considered. As is shown in Figure 1, the DMRS REs are divided into 2 sets, i.e. the CDM RE set 0 and the CDM RE set 1. Taking this agreement into account, three alternatives to support both types of DMRS sequences are discussed below. 
· Alternative 1 is that the CDM RE set 0 will follow the same DMRS generation method as in Rel-9, i.e. 2 cell-specific DMRS are defined. Then cell-group-specific DMRS can be defined only in the CDM RE set 1. For better support of CoMP, 2 cell-group-specific DMRS sequences could be defined. The alternative is shown in Figure 2. 
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Figure 2: DMRS sequence definition alternative 1
· As is shown in Figure 3, In Alternative 2, the CDM RE set 0 also follows the same DMRS generation method as in Rel-9, i.e. 2 cell-specific DMRS are defined. Then cell-group-specific DMRS can be defined only in the CDM RE set 1. But different to Alternative 1, to balance single cell MU-MIMO and multi-cell MU-MIMO, 1 cell-specific DMRS sequence and 1 cell-group-specific DMRS sequence can be defined. 
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Figure 3: DMRS sequence definition alternative 2
· Alternative 3 is to define DMRS sequence in the CDM RE set 0 in a different way as that in Rel-9, I.e. 1 cell-specific DMRS sequence and 1 cell-group-specific DMRS sequence can be defined in each CDM RE set. The alternative is shown in Figure 4. 
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Figure 4: DMRS sequence definition alternative 3
By defining both types of cell-specific and cell-group-specific DMRS sequences, the eNB has the flexibility to select the proper type of DMRS sequence in real scheduling. Once the CDM set used by the UE is determined, 1-bit signalling is enough for the sequence indication in the CDM RE set. The dynamically configurable scrambling ID field in DCI format 2B could serve for this purpose. 
4 Conclusion 
This contribution considered how to improve the demodulation/decoding performance for both single-cell and multi-cell MU-MIMO for CoMP. For this purpose, both cell-specific and cell-group-specific DMRS sequences should be supported, and then eNB can decide which DMRS sequence is used depending on implementation. 
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