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1. Introduction

In RAN1#86bis meeting, the following agreements are made on UL DMRS enhancements:
	Agreements: 

· IFDMA details

· IFDMA DMRS with RPF=2 only will be supported in Rel-14

· Lengths of 6, 18 and 30 DMRS based sequences are supported for RPF=2 

· Length-30 base sequence is FFS until RAN1#87 (e.g. Table 6 in  R1-1609850)

· Length-18 base sequences design refer Table 3 in R1-1608928
· Length-6 base sequence design refer to Table 4 in R1-1609850
· Additional 3dB power boosting is used for IFDMA DMRS with RPF=2
· Cyclic Shift of UL IFDMA DMRS Generation:

· If IFDMA is activated according to control signaling, 

· reference signal sequence on even subcarriers is 
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· reference signal sequence on odd subcarriers is 
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where 
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 is the length of the reference signal sequence, where  
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FFS until RAN1#87:

· Comb hopping is supported including inter-slot hopping and inter-subframe hopping

· Inter-slot comb hopping is dynamically indicated by UL DCI. 

· FFS on details of signalling design.

· Inter-subframe comb hopping, applying to initial transmissions and retransmissions and SPS, can be semi-statically configured by RRC signalling

· Support of both inter-slot and inter-subframe comb hopping is not precluded 

· Companies are encouraged to bring system level simulations to RAN1#87 to show the gain of comb hopping. 

Conclusion:

CS/OCC/IFDMA Mapping Table:

· Down-select at RAN1#87 one solution from the two candidates on slides 6 & 7 in R1-1610591, or the table below Proposal 3 in R1-1608603,  for joint CS/OCC/IFDMA indication

· Note: if intra-subframe Comb hopping is supported, comb id or IFDMA configuration in the tables refers to comb id in slot #0 for two slots of a subframe. FFS comb id in the slot #1.  



In this contribution, we discuss remaining details on UL DMRS for eFD-MIMO based on the above agreements.
2. Discussion
In current LTE specification, PUSCH DMRS orthogonality among multiple users is supported by CS and/or OCC. CS orthogonality is obtained when the same BW allocation is given to co-scheduled UEs and the same base sequence is used. OCC orthogonality, however, can be used with partially overlapping BWs allocation between co-scheduled UEs with disabling slot hopping. In order to obtain more than two orthogonal DMRS with partially overlapping BWs allocation, it is agreed to apply frequency-domain comb so that the orthogonal resources can be twice than before, with retaining OCC length-2. A merit of this option would be it can also be multiplexed with legacy UEs, e.g., legacy UE1 with OCC [+1, +1] can be multiplexed with enhanced UE2 with OCC [+1, -1] and even comb, as well as enhanced UE3 with OCC [+1, -1] and odd comb. 
Regarding the details on CS/OCC/IFDMA mapping table, we prefer to define only slide 6 in R1-1610591, which is captured as follows and is sufficient to be used with proper eNB implementation:
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000 0 6 3 9 [1 1] [1 1] [1 -1] [1 -1] odd subcarriers

001 6 0 9 3 [1 -1] [1 -1] [1 1] [1 1] odd subcarriers

010 3 9 6 0 [1 -1] [1 -1] [1 1] [1 1] odd subcarriers

011 4 10 7 1 [1 1] [1 1] [1 1] [1 1] even subcarriers

100 2 8 5 11 [1 1] [1 1] [1 1] [1 1] even subcarriers

101 8 2 11 5 [1 -1] [1 -1] [1 -1] [1 -1] even subcarriers

110 10 4 1 7 [1 -1] [1 -1] [1 -1] [1 -1] even subcarriers

111 9 3 0 6 [1 1] [1 1] [1 -1] [1 -1] odd subcarriers
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Proposal 1: Slide 6 in R1-1610591 is down-selected for the CS/OCC/IFDMA mapping table. 

Also, it needs to be determined which type of comb should be used when PHICH NACK is received triggering for retransmission. One way is to use the same comb type as the initial transmission, and another would be using a different comb type by a pre-defined varying pattern.
Proposal 2: It needs to be determined which type of comb should be used when PHICH NACK is received, triggering the retransmission. 

3. Conclusion
In this contribution, we discussed uplink DMRS enhancements to support more than two orthogonal DMRS with partially overlapping BWs allocation. The proposals based on the discussion are given below:
Proposal 1: Slide 6 in R1-1610591 is down-selected for the CS/OCC/IFDMA mapping table. 

Proposal 2: It needs to be determined which type of comb should be used when PHICH NACK is received, triggering the retransmission. 
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