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1. Introduction
The UL CoMP transmission can provide significant gain over single cell transmission. Cooperation among cells can reduce the interference among UEs in the cooperative area, and also improve the detection performance via joint receiving in multiple points. To obtain the CoMP gain in uplink, some enhancements on UL RS seem necessary to increase the scheduling flexibility. The following assumptions were agreed for further discussion on UL DMRS enhancement in the past meeting:
·  Working assumption on PUSCH DMRS enhancement in Rel-11

· UE-specific configuration of base sequence

· UE-specific configuration of CS hopping

· FFS whether the base sequence and CS-hopping are independently configured

· consider resulting UL DMRS capacity  in either approach

· consider compatibility with inter-point interference randomization

· FFS whether configuration is semi-static or dynamic

· base sequence and CS hopping configurations may be different

· coexistence of legacy UEs should be taken into account

· consider signaling overhead of either approach

· consider resulting UL system throughput from either approach 

· Additional enhancements may be considered
· E.g. study methods for inter-cell interference randomization and capacity enhancement, other methods for inter-cell orthogonality.

In this contribution, we further discuss the details of PUSCH DMRS enhancement based on the agreed working assumption.
2. Discussion
2.1. UE-specific base sequence
In Rel-10, cell-specific DMRS sequence makes it hard to obtain the orthogonal RS sequence among different cells. In the past meeting, UE-specific DMRS sequence had been agreed for better orthogonality. Multiplexing UEs from different cells can be configured with the same base sequence to obtain orthogonal DMRS sequence via CS. To obtain UE-specific base sequence, at least the following should be considered:
· The generation of sequence-shift pattern 
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to obtain sequence-group number 
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· The generation of group-hopping pattern 
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 to obtain sequence-group number 
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· The generation of sequence-hopping pattern to obtain base sequence number 
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To reduce specification effort, the same manner can be used for DL DMRS and UL DMRS. Similar to the method described in [2], a virtual cell ID can be introduced to replace the current serving cell ID to generate the above patterns, while interference randomization will not be lost. Concretely, the sequence-shift pattern and the initialization value of group/sequence hopping can be generated from the same ID. If the same ID is configured for multiplexing UEs, the same base sequence can be generated. Note that once if the virtual ID is applied to sequence-shift pattern, 
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is not needed, which should be set to 0 or removed for Rel-11 UEs. Otherwise virtual ID in sequence-shift pattern may not be the same as that for group/sequence hopping initialization. 
The indication of this virtual cell ID can be either semi-statistic or dynamic for each UE. If higher layer signaling is introduced, a group of UEs which are configured with the same ID can be scheduled together for multiplexing. Compared with higher layer signaling, dynamic indication via UL grant can provide better scheduling flexibility among UEs from different cells or UEs with different release versions. For instance, multiple alternative IDs can be signaled via higher layer and the expected ID can be selected and explicit or implicit indicated via format0/4. For backward compatibility, dynamic fallback to Rel-10 DMRS should also be supported, which makes sure that a Rel-11 UE can be flexibly multiplexed with legacy UEs. The only impact of this type of design is that the size of format 0/4 for a Rel-11 UE may be different from that of a Rel-10 UE in UE-specific search space.
An example of multiple cells multiplexing is shown in Figure 1. Though the two legacy UEs (UE1 and UE3) from different cells can’t be orthogonally multiplexed in a UE-specific way, for any other type of UE pairing, orthogonality among multiplexing UEs can be dynamically ensured e.g. multiplexing among UE1, UE2, UE4 and UE5.
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UE1: Rel-8/9/10 UE with cell ID2

UE2: Rel-11 UE with cell ID1/2/3

UE3: Rel-8/9/10 UE with cell ID3

UE4: Rel-11 UE with cell ID1/2/3

UE5: Rel-11 UE with cell ID1/2/3


Figure 1. Multiplexing of UEs from multiple cells or with different versions
Proposal 1: A virtual cell ID is introduced to obtain UE-specific base sequence, including UE-specific configuration of sequence-shift pattern 
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and group/sequence hopping pattern.

Proposal 2: Dynamic selection of the virtual cell ID is recommended with dynamic fallback to Rel-10 DMRS.
2.2. UE-specific CS hopping
UE-specific CS hopping is necessary for DMRS orthogonality among cells via CS or OCC. In general, there are two methods to generate UE-specific CS hopping configuration: 
· UE-specific CS hopping pattern
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 similar to UE-specific configuration of group/sequence hopping

· UE-specific CS hopping disabling via DL signaling as mentioned in [1]
Both methods can meet the requirement of orthogonal DMRS. However, the function of inter-point interference randomization via CS hopping is remained only by UE-specific CS hopping pattern without disabling. Hence, using a UE-specific ID to generate CS hopping pattern would be a better solution considering both interference restriction and UE multiplexing. 
The virtual cell ID signaled for UE-specific base sequence as mentioned above can be reused to obtain the initialization value of CS hopping pattern. From our perspective, there is not either typical application scenarios or benefit requiring independent configuration of UE-specific base sequence and UE-specific CS hopping. Also, this initialization value (
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) is calculated with correlation to the sequence-shift pattern in Rel-10. Completely independent configuration of these two parameters is unavailable unless the formula of initialization value is changed in Rel-11, which is not expected considering backward compatibility. Furthermore, the DL signaling and scheduling complexity can be minimized with common signaling of UE-specific base sequence and CS-hopping pattern.
Proposal 3: UE-specific CS hopping pattern can be configured by the same initialization ID as that for UE-specific base sequence.
3. Conclusions

In this contribution, we discuss the remaining issues for UL DMRS enhancement in Rel-11 based on the current working assumption. The details and signaling of UE-specific UL DMRS sequence are analyzed, and we provide our proposals as follow:
Proposal 1: A virtual cell ID is introduced to obtain UE-specific base sequence, including UE-specific configuration of sequence-shift pattern 
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and group/sequence hopping pattern.

Proposal 2: Dynamic selection of the virtual cell ID is recommended with dynamic fallback to Rel-10 DMRS.
Proposal 3: UE-specific CS hopping pattern can be configured by the same initialization ID as that for UE-specific base sequence.
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