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1 Introduction
According to the evaluation results in RAN #66, UL CoMP can drastically improve both average and cell-edge spectral efficiency and has been identified as an important work item for Rel-11.

In this contribution, we discussed the DMRS and SRS enhancements for UL CoMP in the context of new scenarios introduced in [1]. 

2 DMRS in CoMP Scenario 1~3

Uplink DMRS in Rel-10 can effectively supports SU-MIMO and MU-MIMO in single cell, but enhancement is still needed for MU-MIMO among different cells, especially for scenario with different cell IDs, such as CoMP scenario 1~3.

In UL CoMP, a cell edge user may be served by several eNB, in order to sufficiently utilize resources in these cells, more flexible and efficient MU operations should be supported. For the cells with the same sequence group, MU can be based on CS/OCC; while only OCC is used to MU for those cells with different groups.
Although eNB could configure sequence groups of serving cell and all its cooperative cells to be the same with cell-specific signalling (i.e. 
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in the specification), some limitation still exist, considering ue-specific CoMP set. For example in Figure 1, UE1 and UE2 are two cell edge users belong to Cell 0 which are also CoMP UEs, where UE1 is served by Cell 0~2, and UE2 is served by Cell 0 and Cell 5~6. If cells in UE1’s CoMP set (Cell 0~2) are to be configured the same sequence group, and cells in UE2’s CoMP set (Cell 0, Cell 5~6) are also to be configured the same sequence group, then both of them will be configured the same sequence group. Usually, there are more than two CoMP UEs in a cell. If every CoMP UE’ set is configured with the same sequence group, then the number of cells included in this sequence group will be very large. This will lead to severe DMRS capacity problem, and on the other hand, this will cause other non-CoMP users not served by multiple cells to suffer from high interference. Practically, eNB should carefully configure sequence groups of different cells to avoid this situation, for example in Figure 2. 
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Figure 1.  eNB configure the same sequence group of all the cells
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Figure 2.  eNB selectively configure the cells with the same sequence group

However, in this situation paired UEs included in MU-MIMO transmission among different cells with different sequence groups may suffer different CS (cyclic shift) hopping patterns. The reason is that CS is hopping at slot level but OCC is mapped in a subframe. Different CS hopping patterns in a subframe between paired users result in that OCC cannot be decoded correctly, which may severely degrade the MU performance especially in UL CoMP.

There could be three possible solutions to the above problem:

1) Subframe level CS hopping for paired users with different sequence groups

In Rel-10, DMRS CS hopping is at slot level, 
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where, 
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 represents the CS hopping pattern, according to which the CS of a certain DMRS is changed every slot, and
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where the initial value of pseudo random sequence is related to cell ID and sequence index,
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If UE is configured for CS hopping at subframe level, then CS hopping pattern 
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UE-specific RRC signaling, such as CS hopping mode, could be transmitted to certain UEs, which indicates CS hopping at subframe or slot level. The UEs not receive the signaling will take CS hopping at slot level as default. 
2）Disable CS hopping for paired users with different sequence groups

As mentioned in [2], UE-specific RRC signaling, such as CS hopping disable, could be transmitted to certain UEs, which indicates disabling of CS hopping function. The UEs not receive the signaling will still have CS hopping on by default.

3）Configure same CS hopping pattern between paired users with different sequence groups

In order to enable same CS hopping pattern between paired UEs in different sequence groups, same initial value of CS hopping pattern is needed. For this purpose, UE-specific cell ID offset 
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 and/or sequence index offset 
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 could be transmitted to certain UEs. For example, the initial value of each user’s CS hopping pattern could be 
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where 
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Note for the second option losses some interference randomization gain for those paired users. Thus, we have a slight preference for option 1) and 3).
Adopt subframe level CS hopping or UE specific CS hopping for paired users with different sequence.
3 SRS in CoMP Scenario 1~3
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Figure 3.  SRS interference in CoMP

For DL/UL CoMP, when a CoMP UE in the serving cell transmits SRS to a cooperative cell, it will suffer interference from SRS, PUSCH, PUCCH or PRACH in this cooperative cell (see Figure 3). This could leads serious degradation of channel sounding performance of the CoMP UEs for the cooperative cell.

According to the simulation results in Appendix, if LMMSE is used at receiver, the channel sounding performance for cooperative cells is guaranteed as long as interfering information is known at receiver. Otherwise, if simplified detection method without good interference mitigation is used or interfering information is not known at receiver, the channel sounding performance only could be guaranteed by orthogonal resources between target SRS and interfering signal. To enable this, all the CoMP UEs in a CoMP set could be taken as in a virtual cell which is identified with a virtual cell ID, meanwhile CoMP UEs and the other UEs are orthogonalized with each other through TDM, FDM, and other method.
As a result, exchanging SRS resource information of CoMP UEs through backhaul among all the cells in a CoMP set is necessary to mitigate SRS interference
Exchanging SRS resource information of CoMP UEs within a CoMP set through backhaul may be needed to enhance SRS channel sounding performance.
4 DMRS and SRS in CoMP Scenario 4

In CoMP scenario 4, one macro eNB and multiple lower power RRHs share the same cell ID. In this case, perfect orthogonality is in principle achieved through combined CS/OCC allocation for DMRS or combined CS/IFDMA allocation for SRS. 
However, by covering hot spots and blind zones, scenario 4 could remarkably improve network capacity. At the same time, DMRS /SRS resources for one cell have to be shared by UEs from macro eNB and all related RRHs, this could leads to in DMRS and SRS capacity problem.

Possible solutions exist. For example, in order to improve SRS capacity, IFDMA (RFF=4) [6] can be considered. Additionally, orthogonalization between inter-cell SRS can become more feasible by configurable RPF.  
Other approaches, such as IFDMA [4][5] with RFF=2, frequency domain OCC may also be considered. During the evaluation process, schemes with smaller standard impact are preferred.

Solutions for improving DMRS and SRS capacity need further study.
5 Conclusion
This paper addresses uplink reference signal enhancements for CoMP. Base on the discussion the following recommendations are made:

· Adopt subframe level CS hopping or UE specific CS hopping for paired users with different sequence.
· Exchanging SRS resource information of CoMP UEs within a CoMP set through backhaul may be needed to enhance SRS channel sounding performance.

· Solutions for improving DMRS and SRS capacity need further study.
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Appendix
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Figure 4. Channel Estimation using LMMSE
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Figure 5. Channel Estimation using Time-domain Correlation
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