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1 Introduction

In RAN1#67, RAN1 has made the following working assumption and conclusion:
· 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.

This contribution analyzes the design issues of PUSCH DMRS, and discusses alternatives for the base sequence and CS hopping configurations. 
2 Joint vs. separate configurations of base sequence and CS hopping pattern
In RAN1#67, mainly the following two alternatives were discussed for the UE-specific configuration of a base sequence and a CS hopping pattern. 

· Alt 1. Joint configuration: Both the base sequence and the CS hopping pattern are determined by a single RRC configured parameter. 
· Ex) When a virtual cell ID is configured for a UE, the UE derives the base sequence group number u and the CS hopping pattern by replacing the cell ID in the legacy equations by the virtual cell ID. 

· Alt 2. Separate configurations: The base sequence and the CS hopping pattern are determined by multiple RRC configured parameters. For example, a UE is RRC configured with two parameters, and the UE derives the base sequence group number using the first parameter, and the UE derives the sequence group number using the second parameter. 

To compare Alt 1 and Alt 2, we consider two cells, cell 1 and cell 2, whose Rel-8 CS hopping patterns are CSH1 and CSH2, and Rel-8 base sequence group numbers are u1 and u2, respectively. We also consider two UEs, UE 1 and UE 2 associated with cell 1 and cell 2, respectively. We consider the following two cases, where case 1 can be implemented by both alternatives, while case 2 can be implemented only by Alt 2. 
· Case 1 (can be implemented by both alternatives): UE 1 and UE 2 transmit DMRS with the same CSH and u, but the two UEs are assigned with different CS.

· If the two UEs’ allocated BWs are aligned, the two UEs’ DMRS are orthogonally multiplexed by CS orthogonality.

· If two different OCCs are assigned to two UEs (with SGH turned off), the two UEs’ DMRS are orthogonally multiplexed by OCC orthogonality, regardless of whether the allocated BWs are aligned or not. 
· Case 2 (can be implemented only by Alt 2): UE 1 transmits DMRS with CSH1 and u1, while UE 2 transmits DMRS with CSH1 and u2. 

· If two different OCCs are assigned to two UEs (with SGH turned off), the two UEs’ DMRS are orthogonally multiplexed by OCC orthogonality, regardless of whether the allocated BWs are aligned or not. The additional benefit over Case 1 is that the weak OCC orthogonality is complemented by base sequence orthogonality [1], which could be especially useful in case of medium to high mobility where the two slots’ channels significantly differ. 
On the other hand, in terms of signaling complexity and specification impacts, Alt 1 seems to be advantageous over Alt 2. Alt 1 requires signaling of only one parameter – virtual cell ID, while Alt 2 requires signaling of at least two parameters – e.g., a base sequence group number and a sequence group hopping pattern. 

In summary, the following observation is made.
Observation: 
· Alt 1 is more advantageous over Alt 2 in terms of signaling simplicity and specification impacts. 
· Only Alt 2 can orthogonally multiplex two UEs’ DMRS of two different base sequences by aligning CSH. This could be useful in medium to high mobility scenario. 
3 Benefits of Dynamic Configuration

By deviating from Rel-8/9/10 framework of tying UL DM RS generation statically with the physical cell ID, the working assumption agreed in RAN1#68 has set a good starting point for further specifications to improve UL CoMP performance. Furthermore, in RAN1#68, there was a discussion whether to adopt dynamic or semi-static configuration for the UL DM RS. 

The common goals of the UL DM RS enhancement would be facilitating more flexible UL DM RS configurations to cope with various channel, interference and traffic conditions in various CoMP scenarios. The UL DM RS enhancement can easily decouple a UL reception point form a DL transmission point for a same UE, which can be beneficial for CoMP scenarios 3 and 4. Furthermore, the UL DM RS enhancement also allows more flexible SDMA scheduling, in that a Rel-11 UE capable of enhanced UL DM RS transmissions can be SDMA multiplexed with either a Rel-10 UE or another Rel-11 UE, depending on the configured UL DM RS. 
As the channel, interference and traffic conditions may change dynamically in general, the dynamic configurability of UL DM RS seems to be beneficial. 

Proposal: Adopt dynamic configuration for the UL DM RS configuration. 
4 Conclusions

This contribution considered alternatives on the UL DMRS enhancements in Rel.11, and made the following observation and proposal:
Observation: 

· Joint configuration of DMRS base sequence and CS hopping is more advantageous over separate configurations in terms of signaling simplicity and specification impacts. 

· Only the independent configuration can orthogonally multiplex two UEs’ DMRS of two different base sequences by aligning CSH. This could be useful in medium to high mobility scenario. 
Proposal: Adopt dynamic configuration for the UL DM RS configuration. 
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