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1. Introduction
In RAN1 #86b meeting, some agreements on the sequence, comb hopping and CS/OCC table for uplink Demodulation Reference signal (DMRS) has been reached as following [1]:
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
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. 
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 provide our study and views on the sequence, comb hopping and CS/OCC table.
2. Discussion 
According to the RAN1#86b agreement, IFDMA with repetition factor (RPF) 2 and 3dB power boosting is supported as UL DMRS enhancement, where different comb offsets can be allocated to different UEs so that more orthogonal DMRS sequences can be assigned to the UEs with partial overlapping bandwidth allocation. There are some remaining issues on the length-30 base sequence design, whether to support inter-slot or inter-subframe comb hopping, and CS table design. 
2.1 Length-30 Base Sequence
For the length-30 base sequence, which can be utilized for the UEs with 5RB resource allocation and IFDMA based DMRS, one possible way is to generate the 30 sequences with one element truncation from 31 ZC base sequences. Another way is to use the computer generated sequences as discussed in [2], while additional memory should be required to store such sequences. The computer generated sequence could have lower CM than truncation based sequence and its mean cross correlation is small. However its maximum cross correlation is larger than truncation based sequence.
Proposal 1: if the new length-30 sequence is supported, it should have better performance with regard to CM and cross-correlation compared to the truncation based sequence.
2.2 Discussion on Comb Hopping
For IFDMA structure, the DMRS is transmitted on the subset of subcarriers, e.g. the subcarriers with even or odd indexes. Then channel frequency response of partial bandwidth can be derived, which may decrease the channel estimation (CE) accuracy under the frequency selective fading channel. In order to improve the CE accuracy, inter-slot comb hopping can be applied by assigning different comb offsets for different DMRS symbols in the adjacent slots. In [4] the LLS result has been provided to compare the channel estimation performance between the case with comb hopping and that without comb hopping. The result is also illustrated in Figure A-1 in the appendix.
Moreover, the interference observed in different subcarriers in the DMRS symbol could be different due to the IFDMA structure. The inter-slot comb hopping could have some benefit for interference randomization. The inter-subframe comb hopping could also help to randomize the interference for different subframes. Thus the eNodeB could schedule different comb offsets in different subframes to enable the inter-subframe comb hopping. However in some cases, there could be no UL grant for each subframe, such as non-adaptive retransmission, SPS, and TTI bundling. So for this case, there can be some benefit to support the comb hopping between each transmission. With regard to the control signalling, the inter-slot comb hopping can be configured by UL grant, so that the comb hopping can be disabled to support high MU-MIMO dimension with OCC-2 and when the MU-MIMO dimension is low and the OCC-2 is not necessary, the comb hopping can be enabled to get better channel estimation performance and randomize the interference. For inter-subframe comb hopping, it can be configured by higher layer signalling as there can be no UL grant for non-adaptive retransmission, SPS, and TTI bundling.
Figure 1-4 illustrate system level simulation results for comb hopping, which is collected from the semi-static system level simulation. Each UE is scheduled 5RBs by round robin scheduling. The comb offset is randomly selected and the inter-slot comb hopping is randomly enabled. The detail simulation assumptions are illustrated in Table A-1 in appendix. The instant SINR in DMRS symbols in one subframe is collected by: 

(1)
where  denotes the average linear SINR observed in the DMRS subcarriers in slot j. The average SINR for one UE is calculated by 

(2)
where  indicates the instant SINR which can be calculated by (1); N denotes the number of subframes.
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Figure 1: CDF of average SINR collected from all UEs
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Figure 2: CDF of instant SINR collected from all UEs
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Figure 3: CDF of instant SINR for one particular UE
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Figure 4: CDF of instant SINR for another particular UE

It can be observed from Figure 1 that with comb hopping there could be up to 2.5dB average SINR gain compared to the case without comb hopping. From Figure 2, up to 3dB instant SINR gain can be achieved. Further for particular UEs, shown in Figure 3 and 4, with the help of comb hopping, up to 5dB instant SINR gain can be observed. Therefore it could be concluded that the comb hopping could be benefit for interference randomization. 
Observation 1: with comb hopping, up to 2.5 dB average SINR gain can be observed compared to the case without comb hopping and for some particular UEs the instant SINR gain can be up to 5dB.
Proposal 2: the inter-slot comb hopping and inter-subframe comb hopping should be supported. The inter-slot comb hopping can be configured via DCI and inter-subframe comb hopping can be configured by higher layer signalling.
2.3 Discussion on CS/OCC Table
In order to support IFDMA DMRS and legacy Rel-10 DMRS, the cyclic shift field should support to configure the DMRS type (IFDMA or no IFDMA) and the comb offset if IFDMA is configured. Further the OCC-2 can be supported to create more orthogonal DMRS. With regard to the inter-slot comb hopping, it could be better to use the table in slide 6 in [3] with 1 additional bit to switch the DMRS structure between IFDMA based DMRS to Rel-10 DMRS. Then the comb hopping can be jointly coded with the CS/OCC table for IFDMA based DMRS as shown in Table 1.

Table 1: an example for CS/OCC table with comb hopping indication
	Cyclic Shift Field in 
uplink-related DCI format [3]
	

	


	
	[image: ]
	[image: ]
	

	

	[image: ]
	

	

	

	Comb offset for two DMRS symbols

	000
	0
	6
	3
	9
	

	

	

	

	(1, 1)

	001
	6
	0
	9
	3
	

	

	

	

	(1, 1)

	010
	3
	9
	6
	0
	

	

	

	

	(1, 0)

	011
	4
	10
	7
	1
	

	

	

	

	(0, 1)

	100
	2
	8
	5
	11
	

	

	

	

	(0, 0)

	101
	8
	2
	11
	5
	

	

	

	

	(0, 0)

	110
	10
	4
	1
	7
	

	

	

	

	(0, 1)

	111
	9
	3
	0
	6
	

	

	

	

	(1, 0)



Further the PHICH resource is determined by the Cyclic Shift Field (CSF) and the starting RB index. To avoid the PHICH resource collision which could happen more frequently as the number of co-scheduled UEs gets high, one possible way is to involve the 1 additional bit to jointly determine the PHICH resource. Then the PHICH resource  can be determined as follows.


Where  indicates the value of the additional bit and x can be pre-defined, e.g. x=8.
Proposal 3: the inter-slot comb hopping indication should be jointly coded with the CS/OCC table and Table 1 with 1 additional bit in DCI to indicate the switching between IFDMA based DMRS to Rel-10 DMRS should be adopted.
Proposal 4: the PHICH resource should be jointly determined by the cyclic shift field, starting RB index and the 1 additional bit in DCI for IFDMA based DMRS and Rel-10 DMRS switching to provide more opportunities for the eNodeB to avoid PHICH resource collision.
3. Conclusions
In this contribution we present our views on IFDMA DMRS enhancement. From the discussion, we have proposed the following observations and proposals.
Observation 1: with comb hopping, up to 2.5 dB average SINR gain can be observed compared to the case without comb hopping and for some particular UEs the instant SINR gain can be up to 5dB.
Proposal 1: if the new length-30 sequence is supported, it should have better performance with regard to CM and cross-correlation compared to the truncation based sequence.
Proposal 2: the inter-slot comb hopping and inter-subframe comb hopping should be supported. The inter-slot comb hopping can be configured via DCI and inter-subframe comb hopping can be configured by higher layer signalling.
Proposal 3: the inter-slot comb hopping indication should be jointly coded with the CS/OCC table and Table 1 with 1 additional bit in DCI to indicate the switching between IFDMA based DMRS to Rel-10 DMRS should be adopted.
Proposal 4: the PHICH resource should be jointly determined by the cyclic shift field, starting RB index and the 1 additional bit in DCI for IFDMA based DMRS and Rel-10 DMRS switching to provide more opportunities for the eNodeB to avoid PHICH resource collision.
References
[1] 3GPP Chairman's Notes RAN1#86b
[2] R1-1609850, “On new UL DMRS sequences of lengths 6,18, and 30”, Ericsson
[3] R1-1010591, “WF on UL DMRS”, Nokia, Alcatel-Lucent Shanghai, NEC
[4] R1- 1609467, “Discussion on UL DM-RS with IFDMA structure”, Intel
Appendix
[image: ]
Figure A-1: comparison between RPF=2/RPF=2 with/without combing hopping  

Table 1: System Level Simulation Assumption
	Parameters 
	Values 

	Scenarios
	3D UMi

	BS antenna downtilt
	100 degree

	BS antenna element configurations
	[M=4, N=8, P=2, Q=8] 

	BS antenna polarization
	Cross-polarized

	UE attachment
	RSRP based

	Carrier Frequency 
	2GHz 

	Network sync 
	Synchronized 

	System bandwidth 
	10MHz (50RBs) 

	UE distribution
	10 UEs per sector

	Wrapping method 
	57 sectors with Geographical distance based 

	Handover margin 
	3dB 

	Traffic model 
	Full buffer

	UE speed
	3 km/h

	Scheduler 
	RR

	Maximum UE TX power 
	23dBm 

	Ratio of Comb Hopping UEs
	50%

	Ratio of starting comb offset 0 and 1
	50%, 50%

	Power control 
	P0=-80dBm, alpha=0.8 

	Number of Tx antenna at UE 
	1 antenna 
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