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1. Introduction

In RAN1#67 meeting, following working assumptions have been agreed on PUSCH DMRS enhancement in Rel-11 [1]:

· 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 

In this contribution, we further discuss uplink DMRS enhancement issues for Rel-11 UL-CoMP, based on the agreed working assumptions.
2. Discussions
2.1. Dynamic indication of PUSCH DMRS for UL-CoMP
For uplink CoMP scenarios in which a UE transmits PUSCH to multiple receiving cells or reception points (RPs), it is important to guarantee the mutual orthogonality between uplink DMRSs, since it significantly impacts on the PUSCH demodulation performance. The basic principle of generating uplink DMRS is to first generate the base sequence using serving eNB’s cell-ID and to apply cyclic shift (CS), with orthogonal cover code (OCC) for some cases, to be orthogonal to other DMRSs.
For CoMP UEs, the principle becomes changed in some points since the DL serving cell can be different with UL serving cell (UL CoMP reception cell), thus an uplink DMRS needs to be generated by using receiving cell’s ID according to the scheduler’s decision. Also, the generation of DMRS is desired to be dynamically indicated to use which cell-ID, in order to provide enough scheduling flexibility in MU pairing. For instance, a CoMP UE located at the cell-border region between cell A and cell B may have multiple DMRS configurations for each cell by higher-layer signalling, and sometimes dynamically co-scheduled with a UE in cell A, or with a UE in cell B, according to channel conditions and other network side conditions.
Proposal 1: To provide enough scheduling flexibility in MU pairing, DMRS dynamic indications for UL-CoMP need to be supported.

One possible way of providing such dynamic indication is the utilization of the current uplink-related DCI. Specifically, 1 or 2 bit indication of DMRS seems appropriate to be included in the uplink-related DCI considering the signalling bit overhead. In any cases, at least for consideration with legacy UEs, one state should be set to a fallback mode corresponding to the legacy DMRS configuration where the base sequence and the CS hopping pattern are generated by serving cell’s ID. It is also possible that such a new bit indication can be combined with the current cyclic shift field mapping table for nDMRS,(2) and OCC parameters in [2], so as to maintain the current bit overhead in the uplink-related DCI. In this case, however, we lose some dynamics for flexibility in selecting the base sequence and CS hopping.
Proposal 2: Considering the signalling bit overhead, 1 or 2 bit indication of DMRS seems appropriate to be included in the uplink-related DCI.
2.2. Dependency between the base sequence and CS hopping
Although independently configurable base sequence and CS-hopping can provide more flexibility to eNB schedulers, the benefit seems unclear, especially under the situation of the limited bit indication of DMRS configuration. For the case of 1 bit indication of DMRS configuration, for example, a natural way of indicating one state (except the other one fallback state with legacy DMRS configuration) is the generation of the DMRS base sequence and CS hopping, both based on neighboring cell’s ID. In this limited bit indication case, there is no good reason to take another option such that the base sequence is generated with serving cell’s ID whereas CS hopping is based on neighboring cell’s ID, which represents an example for independently configurable base sequence and CS-hopping.
Proposal 3: UE-specific DMRS configuration of base sequence and that of CS hopping are desired to be coupled with a common cell-ID, especially under the limited bit indication case.
3. Conclusion
We discussed in this contribution the uplink DMRS enhancement issues in Rel-11. The following proposals were given based on the discussion:

Proposal 1: To provide enough scheduling flexibility in MU pairing, DMRS dynamic indications for UL-CoMP need to be supported.

Proposal 2: Considering the signalling bit overhead, 1 or 2 bit indication of DMRS seems appropriate to be included in the uplink-related DCI.

Proposal 3: UE-specific DMRS configuration of base sequence and that of CS hopping are desired to be coupled with a common cell-ID, especially under the limited bit indication case.
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