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1. Introduction

At the previous RAN1 #68 meeting, the introduction of UE-specific PUSCH DMRS sequence was agreed as follows.

Agreement:

· Confirm the working assumption on PUSCH DMRS enhancement in Rel-11
· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
Furthermore, following alternatives for DMRS configuration schemes have been proposed and extensively discussed in RAN1 e-mail reflector.
Alt 1: 

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

Alt 2: 

· A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping

In this contribution, we discuss the deployment scenario for UE-specific DMRS configuration and compare the Alt. 1 and Alt. 2.
2. UE-specific DMRS for HetNet CA Scenarios
We consider that a heterogeneous network (HetNet) deployment with carrier aggregation (CA) [1] is a promising deployment scenario for the near and far future. Figure 1 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 inter-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. 
Therefore, in such HetNet deployments with CA, a UE-specific sequence in the PUSCH DMRS would be also 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.
Furthermore, even if the new carrier type is applied to SCell, this kind of scenario can be considered as that similar to CoMP Scenario 3 or 4. In this case, however, future proof and scalability are more important compared to the backward compatibility to legacy UEs.
Observation 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 1 – HetNet deployment with CA.
3. Discussion for Alt. 1 vs. Alt. 2

The Alt. 2, which could be referred as “virtual cell ID” concept [2], provides flexible cell-splitting operation in CoMP scenarios 3 and 4. Meanwhile, in our understanding, the key benefit of Alt. 1 over Alt. 2 is an additional flexibility to assign the same cyclic shift hopping (CSH) pattern between different transmission points (TPs) using different base sequences so that the inter-TP orthogonality is achieved by orthogonal cover code (OCC). However, in order to achieve OCC orthogonality between different base sequences, sequence group hopping (SGH) should be eliminated or modified [3] and CSH needs to be aligned as shown in Fig. 2. From the operator perspective, the functionality of SGH and CSH is definitely important for the cell planning and this functionality is also important in small cell layer in HetNet deployments since these small cells are deployed non-uniformly for the high traffic area and reduction in deployment cost is highly required. Therefore, such an impact on cell planning due to the elimination of SGH and CSH needs to be carefully considered since inter-TP OCC may not be feasible.
Observation 2: Key benefit of Alt. 1 is additional flexibility to assign the same CSH pattern between different TPs using different base sequences so that the inter-TP orthogonality is achieved by OCC
Observation 3: From the operator perspective, the functionality of SGH and CSH is definitely important for cell planning. Therefore, the elimination of SGH and CSH needs to be carefully considered since inter-TP OCC may not be feasible.
 [image: image2.emf]TP1

TP2

Sequence #1 (TP1 specific)

Sequence #2 (TP2 specific)

Orthogonality by CS and OCC

Orthogonality by OCC

- SGH should be eliminated or modified

- CSH needs to be aligned

 Problem in cell planning efforts

TP1

TP2

Sequence #1 (TP1 specific)

Sequence #2 (TP2 specific)

Orthogonality by CS and OCC

Orthogonality by OCC

- SGH should be eliminated or modified

- CSH needs to be aligned

 Problem in cell planning efforts


Figure 2 – Inter-TP orthogonalization by OCC and its impact on cell planning.
Finally, we would like to note that when we assume the HetNet deployment using new carrier type, future proof and scalability are more important compared to the backward compatibility to legacy UEs. Therefore, more aggressively optimized scheme other than the Alts. 1 and 2 would be possible considering both the flexible CoMP operations and the reduction in cell planning efforts (maybe in Rel-12).
4. Conclusion

In this contribution, we discussed the deployment scenario for UE-specific DMRS configuration and compared the Alt. 1 and Alt. 2. We presented the following observations and proposals.
Observation 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.
Observation 2: Key benefit of Alt. 1 is additional flexibility to assign the same CSH pattern between different TPs using different base sequences so that the inter-TP orthogonality is achieved by OCC
Observation 3: From the operator perspective, the functionality of SGH and CSH is definitely important for cell planning. Therefore, the elimination of SGH and CSH needs to be carefully considered since inter-TP OCC may not be feasible.
We note that definition of Alt. 1 and Alt. 2 is as follows.

Alt 1: 

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

Alt 2: 

· A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping
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