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1. Introduction

In Kobe meeting, reference signal (RS) sequence hopping and grouping for demodulation reference signal (DM-RS) was discussed and way forward for PUSCH and PUCCH was agreed ‎[1] 

 REF _Ref170069526 \n \h 
 \* MERGEFORMAT ‎[2] . 

In this paper, we discuss uplink reference signal (RS) sequence grouping method with taking into account the cross-correlation between different RS sequence lengths, i.e. inter-cell interference among neighboring cells.
2. Discussion
According to the agreed way forward of DM-RS for PUSCH ‎[1] , RS sequence groups consist of one base sequence of one RB and multiple base sequences of multiple RBs. However, detailed RS grouping method has not been discussed yet. 
Meanwhile, one RS grouping method has been proposed. The method is that root ZC sequences which has large cross-correlation is grouped to avoid the occurrence of large cross-correlation between different ZC lengths among different RS groups‎[3] . Therefore, we evaluate the performance of proposed grouping method.
Grouping method
Method A

Base sequences associated each groups are selected randomly.
Method B

ZC sequences which have high cross-correlation are grouped. This is proposed in ‎[3] . That is, k-th ZC sequence of i-RB size (ri,k, k=1,2,..,Ni-1) is associated with a group which 
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 becomes the lowest value, where Ni is ZC sequence length of i-RB, r1,g is root ZC sequence of 1RB associated with g-th group (g=1,2,…,10 or 12), and N1 is ZC sequence length of 1RB. All available sequences are allocated one of groups.
Method C

The same grouping method as method B is used, but the number of associated sequences are limited to the smallest 4 sequence of 
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. As a result, some sequences are not used. 
Evaluation methodology
We use two evaluations for comparison.

· CDF of the normalized peak cross-correlation value between different ZC lengths of all possible combination.
· BLER performance of QPSK R=1/2 with the highest cross-correlation of each method, i.e. worst case.
Simulation conditions are shown in Table 1.
Table 1 Simulation condition.

	Parameter
	Value

	RS generation method
	Cyclic-extension

	Bandwidth of desired RS
	1RB

	Bandwidth of interference RS
	1RB to 24RBs (composed from factor 2,3,5)

	Number of RS as interference
	1 

	Number of available cyclic-shift
	6

	Sequence hopping

(both inter- and intra-group hopping)
	On (but sequence collision is never happened)

	Cyclic shift separation method
	Simple rectangular mask is used after IDFT in time domain

	IoT 
	6 dB (only DM-RS part)

	Channel model
	Typical Urban 6-path (mobility: 30km/h)

	Modulation and coding scheme
	QPSK R=1/2

	HARQ
	No


Evaluation results
Figure 1 shows CDF of the peak values of normalized cross-correlation between different root ZC lengths among groups. From the result, in method A (random sequence grouping), occurrence of high cross-correlation can be seen frequently. In method B CDF curve is similar to method A. However, the occurrence probability of high cross-correlation is reduced compared to method A. In addition, the highest cross-correlation is limited to around 0.7. Method C serves further reduction of the occurrence probability of high cross-correlation. The highest cross-correlation is further limited to around 0.6. The limitation of the number of sequences results in that sequence combinations of the second highest cross-correlation around 0.7 are eliminated. The highest cross-correlation of each method is shown in Table 2.
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Figure 1 CDF of the peak value of normalized cross-correlation between different ZC sequence lengths among groups.

Table 2 Highest normalized cross-correlation observed.

	Method
	Highest cross-correlation

	A
	0.99

	B
	0.71

	C
	0.58


Figure 2 shows BLER performance of QPSK R=1/2 with the highest cross-correlation of each method as Table 2. We can see the BLER performance degradation under the highest cross-correlation (i.e. the worst case) is suppressed by using grouping method C. The performance improvement compared to method A and method B is about 1.8dB and 0.8dB, respectively.

[image: image4.emf]B


L


E


R


 


M


e


t


h


o


d


 


A


 


M


e


t


h


o


d


 


B


 


M


e


t


h


o


d


 


C


Q


P


S


K


 


R


=


1


/


2


I


o


T


=


6


d


B


T


U


6


 


3


0


k


m


/


h


S


I


N


R


 


[


d


B


]


2


3


4


5


6


7


8


9


1


0


1


1


1


2


1


0


-


2


1


0


-


1


1


0


0




B

L

E

R

 Method A

 Method B

 Method C

QPSK R=1/2

IoT=6dB

TU6 30km/h

SINR [dB]

2 3 4 5 6 7 8 9 10 11 12

10

-2

10

-1

10

0


Figure 2 BLER performance in case of the highest cross correlation (worst case).
These evaluation results show superiority of the grouping method proposed in ‎[1] by limiting the number of sequences per RB associated with a group (i.e. method C). 
Limiting the number of sequences per RS group like 4 reduces intra-RS group sequence hopping cycle. At Kobe meeting, the reason of the agreement to have intra-RS group hopping was to randomize inter-cell interference using cell planning based sequence allocation assuming 10 or 12 RS groups. In Shanghai meeting, RAN1 agreed 30 CG sequences, which means 30 RS groups are available. Consequently cell planning becomes easier and inter-cell interference is reduced thanks to 30 RS groups. In addition, for smaller RB size, the number of sequences is already further limited as
· One sequence per group from 1 - 5 RBs

· Two sequences per group from 6 and 8 RBs

· Three sequences per group from 9 and 10RBs

We think  4 or 5 sequences would be enough number of sequences per RS group. To limit 4 or 5 have performance merit evaluated in this sections. 
Proposal
· Root ZC sequences with large cross-correlation should be grouped among the number of associated sequences such as 4 or 5 sequences which make 
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3. Conclusion

We discussed demodulation RS sequence grouping method with taking into account the cross-correlation between different RS sequence lengths.
From the discussion, we propose the followings;

· Root ZC sequences with large cross-correlation should be grouped among the number of associated sequences such as up to 4 or 5 sequences which make 
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