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1. Introduction
One of objectives in [1] in Release 14 is to “Evaluate and, if needed, specify enhancement on Uplink DMRS enhancement, to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation”. In RAN1#86 meeting, proposals for UL DMRS enhancement were raised, with following agreements in [2][3].

· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by

· IFDMA with at least RPF 2 

· FFS: RPF 4 

· IFDMA Sequence Design for RFP=2, 

· New lengths larger than 36 are supported. The corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence. 

· FFS: whether new lengths of 6, 18, 30 are supported
· FFS: whether and how CS of DMRS generation shall be modified to improve backward compatibility for the pairing with legacy UE.
In this contribution, we propose some design for UL DMRS base sequences of new lengths of 30, 18 and 6. Some issues of Cyclic Shift of DMRS sequence and system level simulation on inter-cell UL DMRS interference are also discussed. 
2. UL DMRS Sequences of New Lengths
In LTE Rel-14, RAN1 has decided to consider IFDMA with at least RPF 2 to support more than 2 orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation. In case of IFDMA, if PUSCH resource allocation is an integral multiple of RPF, existing UL DMRS sequences can be reused. For odd number of PUSCH resource allocation, some new UL DMRS lengths are needed, for example DMRS lengths of 6*x where x>=1 and be odd. In RAN1#86 meeting, new lengths larger than 36 were agreed to reuse the legacy mechanism by the extension of Zadoff-Chu sequences. But base sequence groups are insufficient for shorter lengths. Below we proposed some UL DMRS designs of length-30, 18 and 6, with low cross-correlation and cubic matric. 
2.1 Length-30 DMRS Sequence
New length-30 sequences can be truncated from length-36 DMRS sequences or cyclic extended from length-24 DMRS sequences. However, it was found that the former approach performs better in terms of cross-correlation. Length-30 sequences can be obtained by truncating any element of length-31 ZC sequence. It was aslo found that by truncating either 1st or 31st element of length-31 ZC sequence, a set of 30 base sequences have a lower maximal cross-correlation than that of legacy length-24 DMRS sequences and also lower maximal CM value than that of length-36 DMRS sequences.
Table 1: Cross-correlation and cubic metric of length-30 DMRS base sequences
	
	　
	legacy length-12
	legacy length-24
	length-30 truncated
	legacy length-36

	Cross-correlation
	max
	0.7926
	0.6709
	0.356995
	0.2766

	
	mean
	0.5693
	0.4316
	0.291673
	0.2555

	
	median
	0.5578
	0.4292
	0.283567
	0.2509

	Cubic Metric
	max
	1.8667
	1.9054
	3.207132
	4.0377

	
	min
	1.0007
	1.0704
	0.630416
	1.5394

	
	mean
	1.4805
	1.5671
	1.980165
	2.7357

	
	median
	1.5145
	1.5993
	1.812998
	2.6733


Note: Max(abs) of cross-correlation method 1 and cubic metric method 3 in [5] were used, with IFFT size of 128
Proposal 1: Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating either 1st or 31st element. 
2.3 Length-18 DMRS Sequence
There are less than 30 groups of ZC sequence for lengths shorter than 30. If truncation of legacy length-24 DMRS is used for length-18 DMRS, this will lead to high cubic metric. Therefore, computer search of QPSK is used for length-18 DMRS base sequences.  The basic design philosophy for new base sequences by computer searching is:
· The maximal cubic metric of length-18 base sequences shall be less than that of existing length-24 base sequences. 
· The maximal cross-correlation of length-18 base sequences shall be less than that of existing length-12 base sequences.  
· Prioritize cubic metric for sequence selection.  

· The new set of length-18 base sequences should have small cross-correlation with other lengths DMRS sequences. Other lengths of UL DMRS are either legacy on continuous subcarriers or IFDMA. 
	Table 2: Cross-correlation and cubic metric of length-18 DMRS base sequences
　
	　
	legacy length-12
	new length-18
	legacy length-24

	Cross-correlation
	max
	0.7926
	0.655787
	0.6709

	
	mean
	0.5693
	0.495728
	0.4316

	
	median
	0.5578
	0.488622
	0.4292

	Cubic Metric
	max
	1.8667
	1.886673
	1.9054

	
	min
	1.0007
	1.618766
	1.0704

	
	mean
	1.4805
	1.792518
	1.5671

	
	median
	1.5145
	1.811325
	1.5993


Note: Max(abs) of cross-correlation method 1 and cubic metric method 3 in [5] were used, with IFFT size of 128.
Table 3: Definition of 
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Proposal 2: Length-18 base sequences shown in above shall be considered.
2.4 Length-6 DMRS Sequence
One-PRB PUSCH allocation with IFDMA RPF 2 and two-PRB PUSCH allocation with IFDMA RPF 4 need a length-6 DMRS design. In R13 NB-IoT WI, fourteen 6-tone pilot sequences were selected by computer search to have good cyclic cross-correlation properties and cubic metric. Therefore, R13 NB-IoT length-6 DMRS design can be reused here. 
Proposal 3: R13 NB-IoT length-6 DMRS can be reused.
3. Cyclic Shift of DMRS Generation
The problem of loss of orthogonality between legacy UE and R14 UEs caused by different phase shifts across two time slots was pointed out in [7]. To verify the solution, the problem and outcome was elaborated here. 
In 36.211, reference signal sequence 
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The cyclic shift 
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From above (1), (2) and (3), the phase shift across two time slots can be denoted as 
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 is the same for paired UEs in the same cell. Assuming that UE1 and UE2 overlap at one PRB with specific subcarrier indices as n and m respectively within its own UL PRB allocation. The phase shift across two time slots in a subframe for UE1=
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. The ratio of phase shifts across time slots between two UE equals to 
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For legacy releases, the value of 
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 always equals to 1. An example is shown in Table 4.
Table 4: Example of phase shift across two time slots between two UE of legacy releases
	OCC1, legacy UE1
	OCC2, legacy UE2
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	subcarrier index n
	Phase shift across two time slots
	subcarrier index m
	Phase shift across two time slots
	

	0
	exp(j*2pi*∆ncs*0/12)
	12
	exp(j*2pi*∆ncs *12/12)
	1

	1
	exp(j*2pi*∆ncs *1/12)
	13
	exp(j*2pi*∆ncs *13/12)
	

	2
	exp(j*2pi*∆ncs *2/12)
	14
	exp(j*2pi*∆ncs *14/12)
	

	3
	exp(j*2pi*∆ncs *3/12)
	15
	exp(j*2pi*∆ncs *15/12)
	

	4
	exp(j*2pi*∆ncs *4/12)
	16
	exp(j*2pi*∆ncs *16/12)
	

	5
	exp(j*2pi*∆ncs *5/12)
	17
	exp(j*2pi*∆ncs *17/12)
	

	6
	exp(j*2pi*∆ncs *6/12)
	18
	exp(j*2pi*∆ncs *18/12)
	

	7
	exp(j*2pi*∆ncs *7/12)
	19
	exp(j*2pi*∆ncs *19/12)
	

	8
	exp(j*2pi*∆ncs *8/12)
	20
	exp(j*2pi*∆ncs *20/12)
	

	9
	exp(j*2pi*∆ncs *9/12)
	21
	exp(j*2pi*∆ncs *21/12)
	

	10
	exp(j*2pi*∆ncs *10/12)
	22
	exp(j*2pi*∆ncs *22/12)
	

	11
	exp(j*2pi*∆ncs *11/12)
	23
	exp(j*2pi*∆ncs *23/12)
	


While in R14 with IFDMA RPF 2, the value of 
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 can be different from legacy behavior if other details remain unchanged. Two cases are considered: (1) when legacy UE is paired with two R14 UE (2) when four R14 UE are paired together. Examples are given in Table 5 and 6, by assuming for case (1) on even subcarriers, n=2m and on odd subcarriers n=2m+1; and for case (2), m=n+6.
Table 5: Example of phase shift across two time slots – Legacy UE is paired with two R14 UEs.
	OCC1, legacy UE1
	OCC2, 
R14 UE2 on even and UE3 on odd subcarriers 
	Phase shift across two time slots on the same subcarrier between paired UE

	subcarrier index n
	Phase shift across two time slots
	subcarrier index m
	UE's phase shift across two time slots 
	

	0
	exp(j*2pi*∆ncs*0/12)
	0
	exp(j*2pi*∆ncs*0/12)
	1

	1
	exp(j*2pi*∆ncs*1/12)
	0
	exp(j*2pi*∆ncs*0/12)
	exp(j*2pi*∆ncs*11/12)

	2
	exp(j*2pi*∆ncs*2/12)
	1
	exp(j*2pi*∆ncs*1/12)
	exp(j*2pi*∆ncs*11/12)

	3
	exp(j*2pi*∆ncs*3/12)
	1
	exp(j*2pi*∆ncs*1/12)
	exp(j*2pi*∆ncs*10/12)

	4
	exp(j*2pi*∆ncs*4/12)
	2
	exp(j*2pi*∆ ncs*2/12)
	exp(j*2pi*∆ncs*10/12)

	5
	exp(j*2pi*∆ncs*5/12)
	2
	exp(j*2pi*∆ ncs*2/12)
	exp(j*2pi*∆ncs*9/12)

	6
	exp(j*2pi*∆ncs*6/12)
	3
	exp(j*2pi*∆ ncs*3/12)
	exp(j*2pi*∆ncs*9/12)

	7
	exp(j*2pi*∆ncs*7/12)
	3
	exp(j*2pi*∆ ncs*3/12)
	exp(j*2pi*∆ncs*8/12)

	8
	exp(j*2pi*∆ncs*8/12)
	4
	exp(j*2pi*∆ ncs*4/12)
	exp(j*2pi*∆ncs*8/12)

	9
	exp(j*2pi*∆ncs*9/12)
	4
	exp(j*2pi*∆ ncs*4/12)
	exp(j*2pi*∆ncs*7/12)

	10
	exp(j*2pi*∆ncs*10/12)
	5
	exp(j*2pi*∆ ncs*5/12)
	exp(j*2pi*∆ncs*7/12)

	11
	exp(j*2pi*∆ ncs *11/12)
	5
	exp(j*2pi*∆ ncs*5/12)
	exp(j*pi*∆ncs)


Table 6: Example of phase shift across two time slots – Four R14 UE are paired together
	OCC1,

UE1 on even subcarriers 

UE2 on odd subcarriers 
	OCC2,

UE3 on even subcarriers 

UE4 on odd subcarriers 
	Phase shift across two time slots on the same subcarrier between paired UE

	subcarrier index n
	UE1 and UE2's phase shift across two time slots 
	subcarrier index m
	UE3 and UE4's phase shift across two time slots 
	

	0
	exp(j*2pi*∆ncs*0/12)
	6
	exp(j*2pi*∆ncs*6/12)
	exp(j*pi*∆ncs)

	0
	exp(j*2pi*∆ncs*0/12)
	6
	exp(j*2pi*∆ncs*6/12)
	

	1
	exp(j*2pi*∆ncs*1/12)
	7
	exp(j*2pi*∆ncs*7/12)
	

	1
	exp(j*2pi*∆ncs*1/12)
	7
	exp(j*2pi*∆ncs*7/12)
	

	2
	exp(j*2pi*∆ncs*2/12)
	8
	exp(j*2pi*∆ncs*8/12)
	

	2
	exp(j*2pi*∆ncs*2/12)
	8
	exp(j*2pi*∆ncs*8/12)
	

	3
	exp(j*2pi*∆ncs*3/12)
	9
	exp(j*2pi*∆ncs*9/12)
	

	3
	exp(j*2pi*∆ncs*3/12)
	9
	exp(j*2pi*∆ncs*9/12)
	

	4
	exp(j*2pi*∆ncs*4/12)
	10
	exp(j*2pi*∆ncs*10/12)
	

	4
	exp(j*2pi*∆ncs*4/12)
	10
	exp(j*2pi*∆ncs*10/12)
	

	5
	exp(j*2pi*∆ncs*5/12)
	11
	exp(j*2pi*∆ncs*11/12)
	

	5
	exp(j*2pi*∆ncs*5/12)
	11
	exp(j*2pi*∆ncs*11/12)
	


Table 5 suggest that the pairing between legacy UEs and Rel 14 UEs can be problematic for legacy UEs which cannot remove UL DMRS from Rel 14 UEs over overlapped PRBs. The phase shift per RE introduced at the second slot eventually has changed the property of OCC but legacy UEs certainly do not aware the existence of UL MU pairing. Table 6 suggest that the pairing among four Rel 14 UEs is also problematic depending on locations of overlapped PRBs. The example here has assumed that UE1/UE2 is allocated with PRB #2, but UE3/UE4 are allocated with PRBs #1 and #2. Therefore, phase shift cross two time slots on subcarriers in PRB #2 can be either 1 or -1 depending on the value of ∆ncs which is related to length-31 Gold random sequence generator and the index of time slot. The worst case is that for that specific PRB, UE1 and UE 3 cannot be differentiated even with OCC [1,1] and [1, -1] due to additional random phase shift at the second slot. 
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Proposed Changes: 
With these changes, the phase shift across two time slots within a subframe is changed for R14 IFDMA UE. The value of phase shift for R14 UE on even subcarrier can be denoted as
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. So the phase shift across two time slots for R14 UE on even subcarrier 
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(5), and that for UE on odd subcarrier 
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Therefore, Tables 5 and 6 are updated in Tables 7 and 8 respectively by taking into account proposed specification changes. With these changes, phase shifts across two time slots on the same subcarrier are the same for paired UEs. Proposed changes only apply to IFDMA RPF 2 so far and FFS for RPF 4. 
Proposal 4: Adopt above changes in 36.211 for IFDMA RPF2
Table 7: Example of phase shift across two time slots – Legacy UE is paired with two R14 UEs
	OCC1, legacy UE1
	OCC2, 

R14 UE2 on even and UE3 on odd subcarriers
	Phase shift across two time slots on the same subcarrier between paired UE

	subcarrier index n
	Phase shift across two time slots
	subcarrier index m
	UE's phase shift across two time slots 
	

	0
	exp(j*2pi*∆ncs*0/12)
	0
	exp(j*2pi*∆ncs*0/12)
	1

	1
	exp(j*2pi*∆ncs*1/12)
	0
	exp(j*2pi*∆ncs*1/12)
	

	2
	exp(j*2pi*∆ncs*2/12)
	1
	exp(j*2pi*∆ncs*2/12)
	

	3
	exp(j*2pi*∆ncs*3/12)
	1
	exp(j*2pi*∆ncs*3/12)
	

	4
	exp(j*2pi*∆ncs*4/12)
	2
	exp(j*2pi*∆ncs*4/12)
	

	5
	exp(j*2pi*∆ncs*5/12)
	2
	exp(j*2pi*∆ncs*5/12)
	

	6
	exp(j*2pi*∆ncs*6/12)
	3
	exp(j*2pi*∆ncs*6/12)
	

	7
	exp(j*2pi*∆ncs*7/12)
	3
	exp(j*2pi*∆ncs*7/12)
	

	8
	exp(j*2pi*∆ncs*8/12)
	4
	exp(j*2pi*∆ncs*8/12)
	

	9
	exp(j*2pi*∆ncs*9/12)
	4
	exp(j*2pi*∆ncs*9/12)
	

	10
	exp(j*2pi*∆ncs*10/12)
	5
	exp(j*2pi*∆ncs*10/12)
	

	11
	exp(j*2pi*∆ncs*11/12)
	5
	exp(j*2pi*∆ncs*11/12)
	


Table 8: E Example of phase shift across two time slots – Four R14 UE are paired together
	OCC1,

UE1 on even subcarriers 

UE2 on odd subcarriers 
	OCC2,

UE3 on even subcarriers 

UE4 on odd subcarriers 
	Phase shift across two time slots on the same subcarrier between paired UE

	subcarrier index n
	UE1 and UE2's phase shift across two time slots 
	subcarrier index m
	UE3 and UE4's phase shift across two time slots 
	

	0
	exp(j*2pi*∆ncs*0/12)
	6
	exp(j*2pi*∆ncs*12/12)
	1

	0
	exp(j*2pi*∆ncs*1/12)
	6
	exp(j*2pi*∆ncs*13/12)
	

	1
	exp(j*2pi*∆ncs*2/12)
	7
	exp(j*2pi*∆ncs*14/12)
	

	1
	exp(j*2pi*∆ncs*3/12)
	7
	exp(j*2pi*∆ncs*15/12)
	

	2
	exp(j*2pi*∆ncs*4/12)
	8
	exp(j*2pi*∆ncs*16/12)
	

	2
	exp(j*2pi*∆ncs*5/12)
	8
	exp(j*2pi*∆ncs*17/12)
	

	3
	exp(j*2pi*∆ncs*6/12)
	9
	exp(j*2pi*∆ncs*18/12)
	

	3
	exp(j*2pi*∆ncs*7/12)
	9
	exp(j*2pi*∆ncs*19/12)
	

	4
	exp(j*2pi*∆ncs*8/12)
	10
	exp(j*2pi*∆ncs*20/12)
	

	4
	exp(j*2pi*∆ncs*9/12)
	10
	exp(j*2pi*∆ncs*21/12)
	

	5
	exp(j*2pi*∆ncs*10/12)
	11
	exp(j*2pi*∆ncs*22/12)
	

	5
	exp(j*2pi*∆ncs*11/12)
	11
	exp(j*2pi*∆ncs*23/12)
	


4. Performance Evaluation of IFDMA DMRS
4.1 Comparison between R14 IFDMA DMRS and legacy UL DMRS

In this section, we provide system level evaluation results to confirm performance benefits of the IFDMA DMRS with RPF 2 over Rel-10 UL MU-MIMO with legacy DMRS sequences. 3D-UMa with 2GHz is used for SLS with totally 21 sectors. Traffic modelling is FTP model 1 with different arrival rates. The size of FTP packet is 0.5 Mbytes. Proportional fair is used for UE pairing with up to 1 layer per UE (1Tx). The design of IFDMA DMRS with RFP 2 will follow agreements in RAN1#86. Interference of IFDMA DMRS has been taken into account in SLS.
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Figure 1: Resource utilization of R14 IFDMA DMRS vs legacy UL DMRS
Figure 1 shows resource utilization rates with different cell loads where resource utilization here is multiplied by the number of co-scheduler users over each PRB. It can be seen that with a low load, there is no much difference for UL MU-MIMO. The scheduler prefers to use 1 or 2 orthogonal layers with legacy DMRS. Whilst network loading keeps increasing with larger file arrival rate, the scheduler prefers to pair more than 2 orthogonal layers, i.e. higher order of MU pairing and leads to a higher resource utilization.
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Figure 2: Average, median, cell edge UE throughput of R14 IFDMA DMRS vs legacy UL DMRS
As seen from Figure 2, UE throughput declines as cell load increases in both legacy and IFDMA cases due to the competition of resource allocation and UL interference. However, for a cell with high loading, UEs tend to have more chance for UL transmission with IFDMA RPF 2 and OCC 2 compared to legacy system with OCC 2 only. Such benefit will be translated to shorter UL transmission time and mitigated UL interference. It is observed that up to 11.7% and 19.6% average throughput gains have been achieved at file arrival rates of 7.5 and 9 respectively. 
4.2 IFDMA UL DMRS Sequence Collision
An interesting problem of sequence collision between IFDMA DMRS sequence and legacy DMRS sequence was pointed out in [6]. To verify whether the problem itself is severe or not, one of collision cases is elaborated and confirmed by SLS below: 
· DMRS with RPF=2 in cell 1 and legacy DMRS in cell 2

· Sequence collision between DMRS with RPF=2 and quarterly extracted sequence from legacy DMRS

· Sequence collision happens when 
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Below table shows the possible 4-time relationship of q value, depending on cell-specific u and DMRS sequence length. DMRS of lengths from 36 to 300 are listed. The 4-time relationship only exists when one cell is configured u ranging from 0 to 6. These cells collide at most with 3 other neighbouring cells.
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System level simulation was performed to verify the performance degradation of abovementioned UL DMRS sequence collision issue against no-collision case. Two cases compared are shown in Figures 3 and 4 in Appendix, where Figure 3 represents the worst collision highlighted in above table and Figure 4 represents the best case without collision. The statistics of SLS focuses on three central sectors with legacy DMRS users (victim) where 18 surrounding sectors are IFDMA DMRS users (aggressor). For simplification of SLS and exaggerating problem a little bit, legacy users are allocated with 4 PRB and IFDMA users are allocated with 8 PRB. We consider full buffer traffic with 30 users per sector to maximize the interference and collision. Therefore, performance degradation by comparing network setup between Figures 3 and 4 can be summarized in Table 9. It can be found that average performance degradation caused by possible IFDMA and legacy DMRS collision is negligible.
Table 9: UE Throughput Degradation due to Group Collision
	Users in central sectors
	Figure 4
	Figure 3
	Performance Degradation

	5%-tile user Tput (Kbps)
	478.7
	470.7
	-1.7%

	10%-tile user Tput (Kbps)
	673.6
	672.5
	-0.2%

	50%-tile user Tput (Kbps)
	874.1
	869.0
	-0.6%

	Mean user Tput (Kbps)
	895.7
	893.5
	-0.2%


Observation: The performance degradation caused by 4-time q relationship is very small.
5. Conclusions
In this contribution, we present our view on new lengths of DMRS for IFDMA, cyclic shift of DMRS generation and sequence collision between legacy and IFDMA systems for UL MU-MIMO.
Proposal 1: Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating either 1st or 31st element. 
Proposal 2: Length-18 base sequences shown in above shall be considered.

Proposal 3: R13 NB-IoT length-6 DMRS can be reused.

Proposal 4: Above changes in 36.211 shall be considered for IFDMA RPF2.
Observation: The performance degradation caused by 4-time q relationship is very small.
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Figure 3: Collision case u configuration

[image: image30.png]840 Users, Drop 0]

-

Site [Base,

200 300 400

100

-200 -100
X (m)

-300

-400





Figure 4: No-collision case u configuration
If IFDMA is activated according to control signaling, reference signal sequence � EMBED Equation.3 ��� on even subcarriers is


� EMBED Equation.3  ���


� EMBED Equation.3 ��� on odd subcarriers is


� EMBED Equation.3  ���


where � EMBED Equation.3 ��� is the length of the reference signal sequence and� EMBED Equation.3 ���. If IFDMA is activated according to control signaling, 


� EMBED Equation.3  ���









[image: image32.wmf]RS

sc

,

)

(

,

0

),

(

)

(

M

n

n

r

e

n

r

v

u

n

j

v

u

<

£

=

a

a

[image: image33.wmf])

(

)

(

,

n

r

v

u

a

[image: image34.wmf]RS

sc

,

2

)

(

,

0

),

(

)

(

M

n

n

r

e

e

n

r

v

u

n

j

j

v

u

<

£

=

a

a

a

[image: image35.wmf]2

/

RB

sc

RS

sc

mN

M

=

[image: image36.wmf]UL

max,

RB

1

N

m

£

£

[image: image37.wmf](

)

12

mod

)

(

2

s

PN

)

2

(

DMRS,

)

1

(

DMRS

cs,

n

n

n

n

n

+

+

=

l

l

_1535377086.unknown

_1536671201.unknown

_1536736564.unknown

_1536736888.unknown

_1536751123.unknown

_1536746934.unknown

_1536736618.unknown

_1536735569.unknown

_1536735897.unknown

_1536735824.unknown

_1536734435.unknown

_1536734815.unknown

_1536671396.unknown

_1535377088.unknown

_1536670881.unknown

_1536670914.unknown

_1536150734.unknown

_1536150741.unknown

_1535377087.unknown

_1535377082.unknown

_1535377084.unknown

_1535377085.unknown

_1535377083.unknown

_1532434531.unknown

_1535377081.unknown

_1507795228.unknown

_1528288012.unknown

_1254159236.unknown

