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1
Introduction
In RAN1-56bis, the baseline for DM-RS design was proposed as follows [1, 2]. 
· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in  each Rank
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined

There are also many contributions relating to how to design DM-RS with up to 8 layers, e.g. density and patterns of different number of layers. It is agreed that DM-RS should be orthogonal among layers, orthogonality can be realized by multiplexing the DM-RS of different layers with FDM/TDM or CDM. In this contribution, we discuss the DM-RS design regarding inter-cell scenarios, i.e. whether DM-RS of adjacent cells should be orthogonal or not.   
2 
Discussion
In this section, the inter-cell orthogonality of DM-RS is discussed for non-CoMP and CoMP mode. Whether orthogonal or partial orthogonal are discussed in the section 2.4. 
2.1 Non-CoMP mode
In release-8, cell frequency shift is used to avoid the overlap of CRS and DM-RS from adjacent cells. Since LTE-A DM-RS and release-8 CRS are in the same subframe except the operation with LTE-A UEs in MBSFN subframes, disabling cell frequency shift for LTE-A DM-RS may cause backward compatibility problem if DM-RS is located in the same OFDM symbol. However, in LTE-A system, the cell frequency shift of adjacent cells may not be effective because adjacent cells may have different DM-RS patterns due to different number of layers and densities.  Although to coordinate the allocation among adjacent cells may be one possibility, it means CoMP operation. The other option is to consider inter-cell (partial) orthogonal DM-RS as discussed in section 2.4
In non-CoMP mode, inter-cell (partial) orthogonal DM-RS is necessary. However, cell frequency shift only may not be sufficient, additional schemes of inter-cell DM-RS (partial) orthogonality may be considered for LTE-A system. 
2.2
Single user CoMP mode
(1) Single user Joint Transmission
· Coherent transmission 
In this mode, identical data streams are transmitted from coordinated cells for one UE. Overlapped DM-RS among cells enables the coherent detection. So it is necessary to have identical DM-RS pattern of CoMP cells. 
· Non-coherent transmission

In this mode, different data streams are transmitted from coordinated cells for one UE. For this case, different data streams interfere each other, so DM-RS in different streams are better to be (partial) inter-cell orthogonal so that UE can cancel ICI for demodulation purpose.  
(2) Dynamic cell selection
For dynamic cell selection, since PDSCH is switched among CoMP cells, DM-RS of adjacent cells is better to have the same pattern from transparency perspective at UE side. 
(3) Coordinated scheduling
Since coordinated UEs are scheduled among CoMP cells, whether or not DM-RS for these CoMP cells are identical has no direct effects on the CoMP operation. 
2.3
Multiple user CoMP mode
(1) Multi-user joint transmission

· Coherent transmission
In this mode, identical data streams from multiple coordinated cells are transmitted to each UEs respectively. Similar to single user coherent transmission case, for the sake of coherent detection in the UE side, it is necessary to have identical DM-RS pattern among CoMP cells.     
· Non-coherent transmission

In this mode, different data streams are transmitted from coordinated cells to multiple UEs. The data streams intended to one UEs interfere each other, so DM-RS in different streams of one UE are better to be inter-cell (partial) orthogonal.

(2) Coordinated beamforming

We see two types of the coordinated beamforming. One is to handle the interference at the network scheduling. We call this as CB here. The other is to cancel the interference at UE side and we call this as CB with limited coordination.

In CB, the network tries to strengthen the signals to the expected UEs and to weaken the signals to the interfered UEs simultaneously. Therefore, ICI from overlapped DM-RS is limited. However, in case of DM-RS power boosting, inter-cell orthogonality for DM-RS would still benefit for the channel estimation. So for CB mode, DM-RS may or may not be inter-cell (partial) orthogonal, which depends on the decision of eNB.  
In CB with limited coordination, no nulling to the interfering UEs are carried out at the eNB scheduler. Inter-cell (partial) orthogonal DM-RS is essential to perform efficient interference cancellation. So CB with limited coordination needs less coordination among cells but requires more processing at UE.
2.4
Possible inter-cell DM-RS patterns
The possible orthogonal schemes include: 
· Orthogonal DM-RS 

To design orthogonal DM-RS for CoMP cells, CDM (or scrambling) based approach would be better, since FDM/TDM based approach may result very high overhead. While the hybrid of CDM and FDM/TDM would also be candidate since performance degradation from CDM based approach in time dispersion channel should be carefully evaluated. The number of orthogonality would be limited if the involving cells are increased.
· Partial orthogonal DM-RS 

Part of DM-RS is orthogonal among CoMP cells. This could be part of DM-RS mappings or part of layers are orthogonal among CoMP cells. The performance obtained by the orthogonality is reduced but the allocation flexibility may be increased.
· Applying simple cell shift for DM-RS similar to Rel-8 CRS when cell shift is effective. The support to cell shift may also be one of the design factors. It is noted that the ICI from adjacent DM-RS can be avoided, but ICI from data still exists.   

· To further remove the ICI from data to DM-RS, one possibility is that eNB can intentionally puncture some data transmission at the RE corresponding to DM-RS positions in adjacent cells in case of severe ICI scenarios. Whether such puncturing is an eNB implementation issue or has some standard impact is FFS.
There may be connections between inter-layer and inter-cell orthogonal designs. For example, if inter-layer DM-RS is CDM based, then the performance degradation from additional CDM based inter-cell orthogonal design should be carefully considered. Therefore, inter-layer and inter-cell orthogonal DM-RS should be jointly designed.   
3         Conclusion
Based on the above discussion, we see that DM-RS design with inter-cell orthogonality is beneficial in some scenarios:  non-CoMP mode with different DM-RS patterns among adjacent cells, CB with limited coordination  and non-coherent joint transmission.  We propose that DM-RS design should also consider the inter-cell scenarios and leave space for (partial) inter-cell orthogonal DM-RS.
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