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1. Introduction

As a result of the discussion at the RAN WG1 #67 meeting, the following PUSCH DMRS related working assumption was agreed upon [1].

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 signalling 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 investigate the UE-specific RS sequence assignment for UL CoMP.
2. Motivation for Introducing UE-Specific UL RS Sequence 
2.1. CoMP Scenarios 3 and 4
The current working assumption allows an eNB to send a UE-specific PUSCH DMRS sequence to Rel-11 UEs. The introduction of a UE-specific configuration enables flexible UL CoMP operations such as 
1) DL/UL independent radio link connections for data in CoMP Scenario 3 [2] (see Fig. 1(a))
2) Virtual cells within a macrocell in CoMP Scenarios 3 and 4 [3] (see Fig. 1(b))
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Figure 1 – Flexible UL CoMP operation by applying UE-specific RS sequence.
In 1), a UE may transmit the PUSCH to the optimum cell from the viewpoint of pathloss. In 2), inter-cell orthogonalization can be achieved using an intra-virtual-cell orthogonal sequence, and a cell splitting gain can be achieved by inter-virtual-cell sequence randomization. 
On the other hand, UE-specific RS sequences could also be introduced to the PUCCH DMRS and SRS. This feature can provide inter-cell orthogonalization and/or a cell splitting gain in the PUCCH and SRS similar to the PUSCH. However, inter-cell orthogonalization is basically possible in the PUCCH and SRS by applying UE-specific resource allocation [4]. Therefore, in our view, the main motivation for introducing a UE-specific sequence to the PUCCH DMRS and SRS is to obtain a cell-splitting gain in CoMP Scenario 4 if needed. 
Observation: Introducing a UE-specific sequence to the PUSCH DMRS is beneficial for flexible support of CoMP operations in Scenarios 3 and 4. The motivation for introducing a UE-specific sequence to the PUCCH DMRS and SRS would be to obtain a cell-splitting gain in CoMP Scenario 4, but its necessity is FFS. 
2.2. HetNet deployment with CA
We consider that a heterogeneous network (HetNet) deployment with carrier aggregation (CA) [5] is a promising deployment scenario for the near future. Figure 2 shows a scenario in which a macrocell is configured as the PCell and picocells (low Tx power RRH cells) are configured as the SCells based on intra-band CA. In this scenario, CoMP operation among picocells would be similar to that in CoMP Scenario 3 if different cell IDs are assigned to the picocells. Meanwhile, if the same cell ID is shared among picocells, this deployment scenario would be similar to CoMP Scenario 4. Furthermore, if additional carrier types are applied to SCell, this kind of scenario may also be similar to Scenario 4 (or Scenario 3). Therefore, in such HetNet deployments with CA, a UE-specific sequence in the PUSCH DMRS would also be useful for flexible CoMP operation as well as CoMP Scenarios 3 and 4. However, it is desirable that the UE-specific sequence be independently configurable component carrier (CC)-by-CC while the default sequence should be cell-specific as in Rel-10.
Similar to the discussion on CoMP Scenarios 3 and 4, we can also consider introducing a UE-specific sequence to the PUCCH DMRS and SRS to obtain a cell-splitting gain in CoMP Scenario 4 if needed. However, in HetNet deployments with CA, a cell-splitting gain in the PUCCH could not be achieved since the frequency band for the PCell is only for the macrocell. In this case, a cell-splitting gain is obtained only when the PUCCH is offloaded to a SCell as discussed in [6]. 
Proposal 1: UE-specific PUSCH DMRS sequence should be independently configurable CC-by-CC while the default sequence should be cell-specific as in the Rel-10 specifications.
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Figure 2 – HetNet deployment with CA.
3. UE-Specific UL RS Sequence Assignment
Regarding the introduction of a UE-specific configuration for UL RS sequences, there could be discussion on reducing the overhead of higher layer signalling as well as that for Layer 1 signalling. Including whether or not to introduce a UE-specific configuration for the sequence for PUCCH DMRS and SRS, there are roughly three alternatives as a way to assign RSs from the viewpoint of the signalling overhead as shown in Fig. 3:

· Alt. 1: UE-specific sequence configurable only for the PUSCH in each CC
· PUSCH DMRS sequences are configured in a UE-specific manner, whereas the PUCCH DMRS and SRS sequences retain the same cell-specific manner in Rel-10. 
· Alt. 2: UE-specific sequence commonly configurable for all UL RSs in each CC
· In addition to Alt. 1, the PUCCH DMRS and SRS sequences are configured in a UE-specific manner associated with the PUSCH DMRS.
· Alt. 3: UE-specific sequence independently configurable for each UL RS in each CC
· The PUSCH DMRS, PUCCH DMRS, and SRS sequences are configured in a UE-specific manner.
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Figure 3 – Alternatives for UE-specific UL RS sequence assignment.

Alt.1 would be sufficient for data transmissions to gain the benefit of UL CoMP. Considering the discussion in Section 2.2, Alt. 1 might be sufficient in most CoMP scenarios. Meanwhile, complete cell splitting, i.e., increasing the cell reuse factor, can be achieved in CoMP Scenario 4 when Alts. 2 and 3 are applied. Especially in Alt. 2, the signaling overhead and the complexity in the network management could be reduced compared to Alt. 3. However, Alt. 2 could lead to restrictions on CoMP deployment scenarios such as described in Section 2.2. More specifically, if the same cell ID is shared among picocells in such HetNet deployments with CA in Fig. 2, PUCCH transmissions collide within the PCell unless the SCell PUCCH is introduced. Therefore, it is desirable to avoid employing Alt. 2, i.e., all UL channel associated configuration, so as not to restrict the CoMP deployment scenarios. 
Proposal 2: Introduction of a UE-specific configuration for the sequence for the PUCCH DMRS and SRS may not be needed in Rel-11 UL CoMP. Even if it is introduced, each RS sequence should be configurable independently.

4. Conclusion

This contribution presented our views on potential CoMP deployment scenarios and UE-specific RS sequence assignment for UL CoMP operation. We presented the following observation and proposals.
Observation: Introducing a UE-specific sequence to the PUSCH DMRS is beneficial for flexible support of CoMP operations in Scenarios 3 and 4. The motivation for introducing a UE-specific sequence to the PUCCH DMRS and SRS would be to obtain a cell-splitting gain in CoMP Scenario 4, but its necessity is FFS. 
Proposal 1: UE-specific PUSCH DMRS sequence should be independently configurable CC-by-CC while the default sequence should be cell-specific as in the Rel-10 specifications.
Proposal 2: Introduction of a UE-specific configuration for the sequence for the PUCCH DMRS and SRS may not be needed in Rel-11 UL CoMP. Even if it is introduced, each RS sequence should be configurable independently.
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