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1. Introduction
In Rel-11, many new transmission schemes are introduced for DL CoMP, including JT, CS/CB etc. As a scheduling implementation and for high spectrum efficiency, both SU-MIMO and MU-MIMO should be supported for those schemes. Some new scenarios are also identified for CoMP study, e.g. cells with lower power RRHs. To obtain CoMP gain for these new schemes and new scenarios, some enhancement may be needed for DL RS. In the WID of DL CoMP[1], the content of DL RS enhancement is listed as:
· Enhancements and requirements on downlink reference signals 
· enhancements to improve interference measurements
· enhancements to identify and measure the downlink channel status of multiple transmission points
· consider performance requirements for flexible mapping of antenna ports to transmission points
In this contribution, we discuss the possible enhancement for DL RS and provide some suggestions.
2. Discussion
2.1. Enhancement for DMRS
In CoMP scenario 4, DMRS and data transmission can be simultaneously transmitted from multiple points， which is transparent to UEs. Transparent MU-MIMO in Rel-10 can also be supported in CoMP scenarios via port 7/8 and different scrambling sequences. The limitation is that only four UEs can be supported for MU-MIMO with DMRS design in Rel-10. Considering the distribution of multiple RRHs could be generally rather dispersed, and the isolation among RRHs could be good, UEs with the same DMRS configuration are possible to be multiplexed via spatial division. However, since the scrambling sequence is cell-specific and identical to all UEs with the same SCID, the UEs multiplexed via SDMA will still suffer from some remained interference when same port(s) are allocated.
In Rel-10, due to cell-specific scrambling sequence for DMRS, the DMRS of UEs in different cells will be scrambled by different sequences with randomized interference. In CoMP scenario 1-3, two edge UEs in different cells sharing the same resources may suffer from significant interference due to non-orthogonal scrambling sequences. Especially in the case of MU-JT transmission across cells, two UEs from different cells may receive data from the same transmission set. Though cooperative scheduling is available, the DMRS sequences of the multiplexed UEs cannot be scheduled to be orthogonal to minimize the interference.

Hence, to provide more multiplexing resource for DMRS and also support orthogonal DMRS among cells, DMRS enhancement should be studied for specification in Rel-11.  Some possible solutions are listed below:
Method1: UE-specific scrambling sequence
As described above, the flexibility of DMRS is restricted by cell-specific scrambling sequence. Naturelly, UE-specific scrambling sequence can be considered to generate individual scrambling sequence for each UE irrespective of Cell ID. UE-specific scrambling sequence can not only help to reduce the interference from intra-cell MU-MIMO via different scrambling IDs, but also obtain DMRS orthogonality among cells via configuration of the same scrambling ID and different ports. Since the RNTI based scrambling sequence adopted by port5 cannot support intra-cell MU-MIMO, new scrambling ID can be used for sequence initialization instead of Cell ID in scenario 4. The main issue should be considered is how to determine and signal the scrambling ID for each UE. We provide some analysis for discussion here.
· Selection of scrambling ID. Both scheduling complexity and multiplexing flexibility should be considered during selection of scrambling ID. For simplicity, a group of CoMP UEs can share the same scrambling ID and the UEs in the group can be configured with orthogonal DMRS via different ports, e.g. a group of cell-edge UEs. For scenario which needs more multiplexing resource, e.g. scenario 4, the scrambling ID of one group should be configured differently from any of the Cell ID of cooperative cells, and the value outside the whole Cell ID set will be appropriate (e.g. SSID=504+k). For scenario which needs more multiplexing robustness, e.g. scenario3, one of the Cell ID of the UEs in the group can be reused as scrambling ID. Typically, if there are multiple Cell IDs in the group, the Cell ID sharing by most UEs can be adopted. Then other UEs in the group can be cooperatively scheduled and multiplexed with the UEs in the Cell with that Cell ID.
· Signaling of scrambling ID.  The scrambling ID can be directly signaled via higher layer to each UE. To reduce the complexity, one or some cell-specific scrambling IDs including Cell ID can be signaled to all UEs, and UE-specific signaling is used to select only one of the IDs. The two SCIDs in Rel-10 can be remained to be signaled dynamically via PDCCH and to still support four UEs for each scrambling ID. 
Method2: expanded scrambling sequence ID
A simple enhancement is just to introduce more SCIDs than Rel-10 still using cell-specific scrambling sequence. Four or even eight SCIDs can be used and the specification impact is tiny. Considering it is hard to expand the DCI size for DMRS signaling, higher layer signaling is more acceptable to indicate the additional SCID. For example, one or two bits UE-specific higher layer signaling can be defined to configure which group of SCIDs should be use for demodulation. Though multiple groups of SCIDs can support more multiplexing UEs, orthogonal DMRS among cells cannot be avoided. Hence, this method can provide only limited flexibility. 
Method3: enhanced orthogonal DMRS ports for MU-MIMO
As proposed by some companies in Rel-10 MIMO[2], more orthogonal DMRS ports can be a solution for MU-MIMO.  Port 9/10 or port11/13 which is used for SU-MIMO only in Rel-10, can be reused for MU-MIMO by FDM or CDM. If four orthogonal ports are supported for MU-MIMO, the supported multiplexing UEs can be doubled in Rel-11. 
Nevertheless, there are still some drawbacks with this method. Since port9/10 occupies different time-frequency resource from port7/8, whether these two ports are multiplexed should be indicated to UE. More resource should also be remained for DMRS with this type of non-transparent MU-MIMO. If port 11/13 is reused, though no additional resource is needed and the MU-MIMO is transparent, the length of Walsh code for different ports should be enlarged to 4, and the channel estimation will be degraded especially when only port7/8 is scheduled. Furthermore, similar to method 2, orthogonal DMRS among cell cannot be supported either.
Both orthogonal DMRS among cells and more intra-cell multiplexing resource are beneficial to reduce intra-cell or inter-cell interference. Considering better support to DL CoMP transmission, we propose to consider Method 1 as enhancement to DL DMRS.
Proposal 1: UE-specific scrambling sequence can be further studied as enhancement for DMRS. 
2.2. Enhancement for CSI-RS
It’s also proposed by some companies to study possible enhancement for CSI-RS. On one hand, the channel estimation of CSI-RS is not very accurate due to low density, and then the accuracy of interference measurement and CSI measurement may be degraded [3]. On the other hand, cell specific CSI-RS scrambling sequence may restrict the flexibility of UE-specific CSI-RS configuration in Rel-10[4].  Hence, possible scheme for CSI-RS enhancement is discussed in this section.
Method1: UE-specific scrambling sequence for CSI-RS
Similar to UE-specific scrambling sequence described in section2.1 for DMRS, the same can go for scrambling sequence of CSI-RS. Association rules for scrambling sequences of DM-RS and CSI-RS can be considered to minimize the specification impact. However, DMRS is UE-specific transmission with PDSCH, while CSI-RS is usually configured for each transmission point but not each UE though it is transmitted via UE-specific signalling. Furthermore, if UEs with the same CSI-RS pattern are configured with different scrambling sequences, additional interference will be introduced. Hence, UE-specific scrambling sequence seems unnecessary for CSI-RS. 

Even so, the information of CSI-RS signalled to UE via higher layer in Rel-10 is not enough to support CoMP transmission. In CoMP scenarios, multiple CSI-RS configurations may be signalled to UEs to measure CSI of multiple points, which may have different Cell IDs. Then the corresponding Cell ID of each configuration should also be indicated to UEs to obtain scrambling sequence. We don’t see the necessity to signal different IDs to different UEs for the same CSI-RS pattern.
Method2: Higher CSI-RS density
The low density design of CSI-RS in Rel-10 considers mainly the overhead of most 8 ports and interference to Rel-8/9 UEs. If there is new requirement to CSI-RS, e.g. higher accuracy for CSI measurement or interference measurement, additional enhancement of capacity can also be considered. But the requirement or outcome should be worth of the additional overhead and specification efforts. Though for Rel-10 UEs the additional resource can be indicated by muting configuration, there will be still additional interference to Rel-8/9 UEs. Design of new CSI-RS density will also introduce great specification effort. Therefore, Higher CSI-RS density can be considered only when there is strong requirement to channel estimation accuracy via CSI-RS.
Proposal 2: Enhancement of CSI-RS should be restricted to field of signalling design to support CoMP.
3. Conclusions

In this contribution, we discuss the motivation and schemes for possible enhancements for DL DMRS and CSI-RS in Rel-11. After analysis of DMRS and CSI-RS enhancement, we have the following proposals:
Proposal 1: UE-specific scrambling sequence can be further studied as enhancement for DMRS.
Proposal 2: Enhancement of CSI-RS should be restricted to field of signaling design to support CoMP.
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