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1 Introduction
Cooperation between neighbouring sites in a LTE-A system improves coverage for cell edge users as well as total cell throughput. There are several contributions proposing to adopt various multi-site cooperation techniques in the LTE-A standard. In [1-2], we studied different cooperation scenarios and proposed some LTE-A CoMP solutions for further study. In this contribution, we further discuss Reference Signal (RS) design supporting various CoMP solutions.
2 Reference signal for CoMP operation
In this section, some general aspects on RS design for CoMP operation are discussed.  
In general, RS are needed for channel measurement and data demodulation. In Rel-8, cell-specific RS (CRS) were designed for both purposes with overhead kept at 14.3% for 4-Tx transmission. General RS design for LTE-A has been discussed in the last several meetings [5]. Most  companies realized that adding more CRS ports across full band in LTE-A introduce too much overhead and that introducing UE-specific RS (DRS) port(s) on per UE base should be an option for advance MIMO schemes[3], (including CoMP MIMO schemes). 

On the other hand, impact on specification with CoMP design should also be considered [4]. In term of RS design, one simple option is that LTE-A UE measures the channel information for different cells based on CRS and report this information back to the network. In case of 4-Tx transmission in each of CoMP cells, current Rel-8 CRS can be reused and no additional CRS is needed. 
Both DRS and CRS can be used for data demodulation, depending on MIMO transmission scheme. CRS can be used for open-loop and precoder based closed-loop MIMO transmission. DRS can support AoA based beamforming and precoder based MIMO transmission as well. Rel-8 only supports one DRS antenna port, adding more DRS antenna ports is preferred to support multiple layer beamforming in LTE-A [6]. While CoMP schemes are under discussion, RS coordination between different CoMP cells should also be investigated in terms of overhead, channel estimation quality and impact on specification.

Several demodulation RS configurations for CoMP operation are listed below for discussion. 
· CRS based CoMP operation: CRS can be used for either open-loop (OL) MIMO or codebook based closed-loop (CL) MIMO transmission for CoMP operation [1, 2]. This scheme has very limited specification impact.  For backward compatibility, current Rel-8 CRS structure can be re-used for CoMP operation in Rel-8 compatible subframes. However, since CRS in Rel-8 are shifted among neighbouring cells, the data RE and CRS RE between the neighbouring cells may collide with each other. As a result, there will be channel quality mis-match between the estimated channel and the real channel experienced by the signal. The impact of such collision should be further investigated and addressed.
· Release-8 DRS based CoMP operation [4]: This scheme also has very limited specification impact. It can operate with the current Rel-8 RS design. Antenna port 5 DRS is assigned to CoMP UE which can be precoded or beamformed. DRS from different cells can be orthogonal to each other (high overhead, but allow separate channel estimation and therefore less sensitive to timing/phase mismatch), or superposed on top of each other (low overhead, joint channel estimation, sensitive to timing/phase mismatch and is not able to support non-SFN type of CoMP.). Compared to CRS based CoMP mentioned above, extra DRS overhead is introduced on top of CRS. However this scheme also has the collision issue mentioned above.
· LTE-A DRS based CoMP operation: The collision issue between RS RE and data RE can be solved by introducing a CoMP operation zone/region where only DRS are allocated in the PDSCH (i.e. no CRS) and the DRS shift is disabled among the CoMP cells.  This feature may become possible in the future LTE-A release. Also, CoMP operation can benefit from this configuration by reducing RS overhead. Moreover, in this type of zone, multiple layer DRS ports are feasible. 
· DRS and CRS mixed CoMP operation: It may be possible that in CoMP operation, a UE could receive data from some cells with CRS only, while receive data from other cells with DRS only, or a mixed of both.  This kind of flexibility could enable adaptation between CRS/DRS transmission in the sense that, depending on the channel condition, CRS or DRS could be used adaptively for demodulation of CoMP transmission. One example is to apply CRS based CoMP and DRS based CoMP to a CoMP UE adaptively based on the channel estimation quality requirement or the rank of the CoMP transmission. 
3 Reference signal and CoMP schemes

Different CoMP schemes are discussed and evaluated in [1-2]. Here we discuss how to support these CoMP schemes using different RS configurations as shown in the previous section.  
For AoA based beamforming, DRS have to be used for demodulation either in closed-loop CoMP (CL CoMP) or semi closed loop CoMP (semi-CL CoMP), while CRS can be used for channel measurement. DRS of port 5 defined in Rel-8 is readily available for CoMP transmission with orthogonal DRS configuration. DRS for 2 or more antenna ports can be defined in LTE-A. 
For codebook based CL CoMP and semi-CL CoMP, either CRS or DRS can be used for demodulation. CRS based demodulation may require less overhead, but may incur degraded channel estimation in high SINR since CRS RE collides with either other CRS RE or data RE. On the other hand, DRS based demodulation requires additional overhead on top of CRS, but may have better channel estimation quality than CRS based demodulation, especially at high SINR. To obtain a reasonable channel estimation performance while minimizing the RS overhead, DRS based CoMP and CRS based CoMP operations can be applied adaptively in different operation range in terms of MCS and rank of channel.
4 Summary
In this contribution, we provide some study points for RS design in CoMP operation.

· Different RS configurations for CoMP are discussed. 
· RS support for different CoMP schemes is discussed. Adaptive CRS/DRS CoMP transmission mode is also discussed.
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Summary: In a multiple-antenna system with two transmitters and two receivers, a scenario of data communication, known as the X channel, is studied in which each receiver receives data from both transmitters. In this scenario, it is assumed that each transmit.....
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