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1 Introduction
In RAN1 #67 meeting, a working assumption on PUSCH DMRS enhancement in Rel-11 is agreed as described below [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 present our considerations and evaluation result on enhancement of uplink DMRS for UL CoMP. 
2  UE-specific base sequence configuration
In UL CoMP, a cell edge user may be served by several cells in order to improve its performance, albeit this may decrease resource utilization efficiency. As a result, MU-MIMO operation among different cells is attractive. However, due to cell-specific sequence group design in Rel-8/9/10, DMRS of paired UEs from different cells with different cell ID in CoMP scenario 3 is generally un-orthogonal to each other, which leads to interference problem. Also, it is argued that there could be a capacity problem where DMRS orthogonal resource is not enough for pairing among different cells with the same cell ID in CoMP scenario 4. 
UE-specific base sequence configuration is an attractive way to solve the above interference and capacity problems [2], as it can balance the DMRS orthogonality and semi-orthogonality without backward compatibility issues, and achieving a natural integration of CoMP scenario 3 and the CoMP scenario 4.
UE-specific base sequence can be configured by dynamic signalling or semi-static signalling. Dynamic signalling can adapt to the scheduled UEs and channel variation timely. But, dynamic signalling needs to be realized via L1 signalling, so the associated overhead needs to be carefully considered. Semi-static signalling, on the other hand, could be realized via RRC signaling with smaller overhead, but concerns are raised about the performance loss compare to dynamic signalling approach.
In the following, we present our system evaluation result on the semi-static/dynamic UE-specific configuration of DMRS base sequence comparison. Result of traditional cell-specific base sequence configuration is also presented. The simulation assumption can be found in Appendix.
	channel condition
	cell-specific
	dynamic UE-specific
	semi-static UE-specific

	3GPP case 1
	Average SE
	1.6747
	1.6853（+0.63%）
	1.6852（+0.62%）

	
	Cell edge SE
	0.0201
	0.0252（+25.37%）
	0.0231（+14.93%）

	ITU Uma
	Average SE
	1.5225
	1.5377（+1.00%）
	1.5153（-0.47%）

	
	Cell edge SE
	0.0162
	0.0195（+20.37%）
	0.0178（+9.88%）


Table 1   Evaluation result on DMRS base sequence configurations

The above result shows that, UE-specific base sequence configuration outperforms cell-specific configuration. In term of cell average spectrum efficiency, there is no clear advantage further going dynamic from semi-static UE-specific configuration. We do observe a small, single digit percentage increase in term of cell edge performance. However, considering the signalling overhead, the marginal improvement cannot be justified. Base on this result we have the following proposal:
· UE-specific base sequence configuration should be semi-statically signaled.

3 UE-specific CS hopping configuration
Different cell IDs or sequence indexes may lead to CS hopping pattern inconsistency between paired UEs, resulting incorrect OCC decoding which seriously degrades MU performance.
Several UE-specific CS hopping configuration schemes have been proposed during previous meetings [3], such as CS hopping function disabling, subframe-level CS hopping and configurable CS hopping, etc. 
Since CS hopping function currently in the specification is always on, we believe that semi-static signalling may be good enough for UE-specific CS hopping configuration.

· UE-specific CS hopping should be signaled via semi-static signaling.

4 Other enhancement for UL DMRS

When paired UEs are partially overlapping, they can only be multiplexed via OCC. In this case paired UE number supported is only two at most, and this limits the MU capacity especially among different cells. A possible remedy is the introduction of IFDM for DMRS, but we need to carefully study the possible channel estimation loss, and associated impact on the specs, such as DMRS base sequence design and PUSCH PRBs allocation.
· IFDM could be considered for further DMRS enhancement.
5 Conclusion
This paper addresses uplink DMRS issues for CoMP. Base on the discussion the following recommendations are made:

· UE-specific base sequence configuration should be semi-statically signaled.
· UE-specific CS hopping could be signaled via semi-static signaling.

· IFDM could be considered for further DMRS enhancement.
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Appendix

	Parameter
	Values used for evaluation

	Deployment scenarios
	Homogeneous network with high Tx power RRHs 

	Simulation case
	3GPP-Case1, ITU Uma

	Number of UEs per cell
	10

	Duplex mode
	FDD

	System bandwidth
	10 MHz

	UL Reception scheme
	Joint reception for CoMP

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB/RRH/Pico nodes
	2

	Antenna configuration
	2 Rx antennas: 1 column, cross-polarized: X 

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

3D

	Channel estimation
	· Ideal based on SRS for link adaptation

· Non-ideal based on DMRS for demodulation

	SRS period
	5ms

	SRS delay
	5ms

	Placing of UEs
	Uniform distribution for homogeneous networks

	Scheduler
	Proportional Fair

	Traffic model
	Full buffer 

	HARQ
	CC, Maximum 4 transmission 

	UL power control
	· 3GPP-Case 1：P0 = -83, α = 0.8
· ITU Uma：P0 = -79, α = 0.8

	UL receiver type
	MMSE

	UL overhead assumption
	· SRS overhead according to UL scheduler and transmission scheme
· 2 symbols for DMRS per subframe
· 4 PRBs for PUCCH

	Maximum cooperative cells
	4

	Cooperative cell selection
	RSRP-based (RSRP threshold is 6dB for basic evaluation) 

	DM-RS  RRC configuration period
	40ms


Table 2  Simulation assumptions
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