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1 Introduction
In 3GPP RAN1#87, the uplink DMRS enhancement for eFD-MIMO has been discussed with the following agreements [1]:
Working assumption:
· Table 1 with an additional one bit in DCI format 0 and 4 to indicate one of the CSF mapping tables in UE specific search space

· FFS: Whether this is also applicable to SPS-RNTI

· Note: In common search space the legacy table will be used 
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In this contribution, we further discuss the remaining issues for uplink DMRS enhancement.

2 Discussion
New DMRS table
For DMRS table design, one remaining FFS issue is the applicability of the new table to SPS-RNTI. In our view, there is no reason not to support SPS-RNTI. Since the UL DCI with new DMRS table requires 1 more bit to indicate the switch of the old and new DMRS table, the DCI format size for 0/4 is changed. If the new DMRS table does not support SPS-RNTI, it may imply that only DCI format 0 mapped to common search space can be used for SPS RNTI if UE is configured with new DMRS table for IFDMA DMRS. This may not be acceptable. 

Proposal 1: Confirm the WA of the new DMRS table for IFDMA DMRS with additional support of SPS-RNTI.

Comb hopping 
For IFDMA DMRS with RFP=2, the DMRS is mapped to every 2 REs in frequency domain. Due to the increased DMRS tone spacing, the performance of channel estimation would degrade especially under the frequency selective fading channel. Intra-subframe comb hopping was proposed to improve channel estimation accuracy and link level simulation results in [2] showed up to 1dB improvement on MSE performance. 

A system level simulation was performed for evaluating intra-subframe comb hopping. 2Tx@UEs with RPF=2 and 16Rx@eNB scenario were chosen for the evaluation. FTP traffic with median (~50%) and high (70%) load were simulated.  Detailed simulation parameters are provided in the appendix. It can be seen that significant gain, i.e. up to 22% for cell edge throughput and up to 14% for cell mean throughput, can be observed in UMa with16Rx@eNB and high loading scenarios. The gain in UMi is reduced, but there are still 6% cell edge throughput gain and 3.3% cell mean throughput gain observed for 50% loading case. Therefore, comb hopping not only improves channel estimation accuracy in frequency selective fading channel, but also randomizes inter-cell interference.
Table 1.  Comb hopping thoughput gain for 16Rx, 50% loading
	16TxRU, (2,4,2)
	5%-tile (Mbps)
	50%-tile (Mbps)
	Mean (Mbps)
	
	
	

	3D UMi-200m
	No hopping
	4.9628
	25.974
	24.309
	
	
	

	
	Comb hopping
	5.2562
	27.027
	25.122
	5.91%
	4.05%
	3.34%

	3D UMa-200m
	No hopping
	11.799
	24.845
	24.247
	
	
	

	
	Comb hopping
	13.652
	26.49
	25.728
	15.7%
	6.62%
	6.11%


Table 2.  Comb hopping thoughput gain for 16Rx, 70% loading
	16TxRU, (2,4,2)
	5%-tile (Mbps)
	50%-tile (Mbps)
	Mean (Mbps)
	
	
	

	3D UMi-200m
	No hopping
	4.9689
	19.9
	19.514
	
	
	

	
	Comb hopping
	5.1216
	21.505
	20.836
	3.07%
	8.07%
	6.77%

	3D UMa-200m
	No hopping
	6.3391
	15.873
	16.604
	
	
	

	
	Comb hopping
	7.7071
	18.605
	18.91
	21.58%
	17.21%
	13.89%


Although intra-subframe comb hopping was not agreed for IFDMA DMRS in last RAN1 meeting, we think there are still some benefits to support inter-subframe hopping. Firstly, for non-adaptive PUSCH retransmission the comb values for retransmission can be different from initial transmission for inter-cell interference randomization. A pseudo-random comb hopping pattern hopping pattern determined by both cell ID and current_tx_number can be applied so that two UEs starting UL transmission at the same time with same comb values will not have comb collision during retransmission. Similarly, for UL data transmission without grant, inter-subframe comb hopping could also be used for inter-cell interference randomization. Therefore, we prefer to consider interr-subframe comb hopping for IFDMA DMRS. A higher layer signaling can be introduced to enable inter-subframe hopping.

Proposal 2:  Inter-subframe comb hopping can be configured by higher layer signaling for IFDMA DMRS.

Separate Beta_offset for IFDMA DMRS
If dynamic switch between SC-FDM and IFDAM DMRS is supported, additional beta_offset for UCI, e.g., ACK, CQI and RI can be configured. The reason is the expected interference is different since the usage of IFDMA DMRS is associated with higher-order MU-MIMO, and as a result, each PUSCH may be subject to higher interference. Therefore, it seems beneficial to use separate beta_offset for different types of DMRS, e.g., the legacy beta_offset can be used for legacy DM-RS, and a new beta_offset is separately configured for IFDMA DM-RS. The separate beta_offset values allow better performance for UCI multiplexing on PUSCH using IFDMA DMRS. 
Proposal 3: Different beta_offset values for HARQ-ACK, CQI/PMI and RI can be configured for the legacy DMRS and IFDMA DMRS. 
3 Conclusions
In summary, we discuss the remaining issues for uplink DM-RS for supporting higher order MU-MIMO. We have the following proposals:
Proposal 1: Confirm the WA of the new DMRS table for IFDMA DMRS with additional support of SPS-RNTI.

Proposal 2:  Inter-subframe comb hopping can be configured by higher layer signaling for IFDMA DMRS.

Proposal 3: Different beta_offset values for HARQ-ACK, CQI/PMI and RI can be configured for the legacy DMRS and IFDMA DMRS. 
4 References

[1] R1-1610591  WF on UL DMRS,


Nokia, Alcatel-Lucent Shanghai Bell, NEC
[2] R1-1609467   Discussion on UL DM-RS with IFDMA structure, 

Intel Corporation
5 Appendix

 System simulation assumptions
	Parameter
	Value

	Scenario
	3D-UMa (200m ISD) 

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	eNB Antenna configuration
	(M,N,P, Q)=(8,4,2,16) for 16Rx
Cross-polarization: +/-45 degrees

	UE antenna configuration
	2 TX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	FTP traffic

	UE association
	RSRP on CRS port0 with 3dB handover margin

	MIMO configuration
	MU, Up to 1 layers for each UE and up to 4 layers per cell

	Scheduling algorithm
	PF

	Receiver
	MMSE-IRC receiver

	UL DMRS processing Gain
	9dB for w/o comb hopping; 10dB for comb hopping
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