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1. Introduction

The cross correlation between RS sequences of neighbouring cells should be low for accurate channel estimation. One of the solutions to realize low cross-correlation is ZC sequence planning. In [1], we discuss the necessity of ZC sequence planning and conclude that ZC sequence planning is inevitable. In this contribution, we discuss the detail of ZC sequence planning.
2. eNB specific and cell specific assignment
The number of usable ZC sequences is L-1 when the length of ZC sequence is L which is prime number. The cross-correlation between different ZC sequences with same length is low. Hence, low cross correlation can be realized by assigning different ZC sequence in neighboring cells.
The orthogonality between RSs can be achieved by using the orthogonal sequences. As one of the orthogonal sequences, cyclic shifted sequences of the same ZC sequence are known. If the cyclic shifted ZC sequences are assigned for the cells, orthogonality between RSs of the cells can be achieved. In this case, the number of orthogonal multiplexing UEs or antennas becomes small as the number of the cyclic shifted sequences per one ZC sequence is limited to about 6 with assuming TU-6 path model. 
In the following part, we discuss the assignment of different ZC sequences and their cyclic shifted sequences to eNBs and cells.
As the assignment of different ZC sequence, eNB specific assignment (fig.1) and cell specific assignment (fig.2) are considered. The assignment of cyclic shifted sequences is also shown in the figures. When we assume the bandwidth of RS is 1RB, the number of ZC sequences is limited to 10/12 (cyclic extension case/ truncation case). In the figures, 9 ZC sequences are used and Cm(k,n) represents the nth cyclic shifted kth ZC sequence with mRB(s).
NB specific assignment (Fig.1) 
In eNB specific assignment, the orthogonality of RS between cells in the same node-B can be achieved using cell specific cyclic shifted ZC sequence. Pros and cons of eNB specific assignment are as following.
· Pros

· The reuse distance of the same ZC sequence becomes large.(9 eNB reuse)
· Cons

· The number of cyclic shifted ZC sequences per cell becomes small. (2 cyclic shifted ZC sequences per cell) 
Cell specific assignment (Fig.2)

In cell specific assignment, large inter-cell interference can be avoided as the cross correlation between different ZC sequences with same length keeps small. Pros and cons of cell specific assignment are as following.
· Pros

· The number of cyclic shifted ZC sequences per cell becomes large.(6 cyclic shifted ZC sequences per cell)
· Cons

· The reuse distance of the same ZC sequence becomes small. (9 cell reuse)
If either of the assignments is utilized for all kinds of RSs such as PUSCH DM RS, PUCCH DM RS and sounding, either large number of cyclic shifted sequences per cell or large reuse distance can not be met. It is expected that both of them are met by taking different features and requirements of each RS into account. In section3, the requirements and features for each RS are discussed to clarify the suitable assignment for each RS.
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Fig.1 eNB specific assignment                            Fig.2 Cell specific assignment
3. Features and requirements of UL RS
To consider suitable ZC sequence assignment, we summarize requirements and features of PUSCH DM RS, PUCCH DM RS and sounding RS.

3.1 PUSCH DM RS 

Features

· CDM (cyclic shifted ZC sequence) is not utilized for UE multiplexing in SIMO case. CDM is utilized in only MIMO case.
· The length is variable depending on frequency scheduling. The minimum length is 12.

Requirements

· Long reuse distance 
3.2 PUCCH DM RS 

Features

· CDM (cyclic shifted ZC sequence) is utilized for UE multiplexing.

· The length is 12.

· As not only ACK/NACK for the UEs which transmit DL data but also CQI for UEs which wait for scheduling DL resource are transmitted, the number of PUCCH DM RS transmission UEs becomes large.
Requirements

· Long reuse distance 
· Multiple UE multiplexing by CDM as much as possible for resource efficiency
3.3 Sounding RS

Features

· CDM (cyclic shifted ZC sequence) is utilized for UE multiplexing.

· The minimum length is about 36 (BW=1.25MHz, RPF=2).
· As not only UEs which transmit UL data but also UEs which wait for scheduling UL resource are transmitted, the number of sounding RS transmission UEs becomes large.

Requirements

· Long reuse distance 
· Multiple UE multiplexing by CDM as much as possible for resource efficiency
Taking into account the features and requirements above, we propose the suitable ZC sequence assignment for each RS in section4.

4. Proposed ZC sequence assignment
The following is the proposed ZC sequence assignment for each RS.

· PUSCH DM RS: eNB specific

· PUCCH DM RS: eNB specific

· Sounding RS: Cell specific
In the following part, ZC sequence assignment for each RS is discussed, respectively.
4.1 PUSCH DM RS
· eNB specific
The reuse distance is larger than cell specific assignment. If 2 cyclic shifted ZC sequence per cell are assigned, 2 antennas (SU-MIMO case) multiplexing can be supported. Furthermore, 4 antennas multiplexing can be supported by applying Walsh covering as there are 2 LBs for PUSCH DM RS in a subframe.

· Cell specific

The reuse distance is not enough in minimum length (=12) case, especially.
From above discussion, eNB specific is preferable for PUSCH DM RS.
4.2 DM RS for PUCCH

· eNB specific

Though the reuse distance is large, the number of usable cyclic shifted ZC sequences per cell becomes small. Hence the number of CDM UEs for PUCCH becomes small. However, Walsh covering can be applied to increase the number of CDM UEs. As 2 cyclic shifted sequences per cell can be usable the maximum number of CDM UEs is about 6(2x3) by applying Walsh covering in ACK/NACK transmission case.
· Cell specific
The number of CDM UEs becomes large. As 6 cyclic shifted ZC sequences per cell can be usable the maximum number of CDM UE is 18(6x3) by applying Walsh covering in ACK/NACK transmission case. However, the reuse distance of the same ZC sequence is short. Since PUCCH requires high performance and HARQ isn't applied for PUCCH, that the effect of inter-cell interference is large is not suitable. 
From above discussion, eNB specific is preferable for PUCCH DM RS.

4.3 Sounding RS

· eNB specific

Though the reuse distance is large, the number of cyclic shifted ZC sequences is small. In this case, 2 cyclic shifted sequences per cell can be usable.
· Cell specific

As small BW is not supported, the number of ZC sequences becomes large. Hence, the reuse distance is enough even if cell specific assignment is utilized. In this case, 6 cyclic shifted sequences per cell can be usable.
From above discussion, cell specific is preferable for sounding RS.

5. Example of proposed assignment 
In this section, we introduce a example of proposed assignment. An example of the assignment of ZC sequence and their cyclic shifted sequences for proposed assignment is shown in table1. In table1, a sequence “group” based assignment, which is agreed as way forwards [2] in Kobe meeting, is assumed. An example of sequence group is shown in table2. In the tables, G(P) represents Pth sequence “group” and it is assumed that the number of sequence group is 9 (i.e. P=1-9).
By using the one-to-one relation of each RS sequence which include ZC sequences and their cyclic shifted ZC sequences, the overhead of reporting from eNB to UE doesn’t increase compared with the case of same ZC sequence assignment for all RS. In this case, Cell specific information should be transmitted in BCH and UE specific information should be transmitted in PDCCH. For example, when PUCCH DM RS and sounding RS is multiplexed by CDM, UE specific cyclic shifted ZC sequence is needed as UE specific information.
The assignment of ZC sequences and their cyclic shifted sequences for PUSCH and PUCCH DM RS in the case of minimum length (=12) is shown in fig.3. In this case, eNB specific assignment is utilized for PUSCH DM RS and PUCCH DM RS and 9-eNB reuse is utilized. The assignment of ZC sequences and their cyclic shifted sequences for sounding RS in the case of minimum length (=36) is shown in fig.4. In this case, cell specific assignment is utilized for sounding RS and 27-cell reuse is utilized. Hence, the reuse distance is same with all RSs
	eNB 

index
	Cell 

index
	PUSCH DM RS
	PUCCH DM RS
	Sounding RS

	
	
	Group index
	ZC seq. for minimum length (=12) case
	Group index
	ZC seq. for minimum length (=12) case
	Group index
	ZC seq. for minimum length (=36) case

	1
	1
	G(1)
	C1(1,1-2)
	G(1)
	C1(1,1-2)
	G(1)
	C3(1,1-6)

	
	2
	
	C1(1,3-4)
	
	C1(1,3-4)
	G(2)
	C3(2,1-6)

	
	3
	
	C1(1,5-6)
	
	C1(1,5-6)
	G(3)
	C3(3,1-6)

	2
	1
	G(2)
	C1(2,1-2)
	G(2)
	C1(2,1-2)
	G(4)
	C3(4,1-6)

	
	2
	
	C1(2,3-4)
	
	C1(2,3-4)
	G(5)
	C3(5,1-6)

	
	3
	
	C1(2,5-6)
	
	C1(2,5-6)
	G(6)
	C3(6,1-6)

	3
	1
	G(3)
	C1(3,1-2)
	G(3)
	C1(3,1-2)
	G(7)
	C3(7,1-6)

	
	2
	
	C1(3,3-4)
	
	C1(3,3-4)
	G(8)
	C3(8,1-6)

	
	3
	
	C1(3,5-6)
	
	C1(3,5-6)
	G(9)
	C3(9,1-6)

	4
	1
	G(4)
	C1(4,1-2)
	G(4)
	C1(4,1-2)
	G(1)
	C3(10,1-6)

	
	2
	
	C1(4,3-4)
	
	C1(4,3-4)
	G(2)
	C3(11,1-6)

	
	3
	
	C1(4,5-6)
	
	C1(4,5-6)
	G(3)
	C3(12,1-6)

	5
	1
	G(5)
	C1(5,1-2)
	G(5)
	C1(5,1-2)
	G(4)
	C3(13,1-6)

	
	2
	
	C1(5,3-4)
	
	C1(5,3-4)
	G(5)
	C3(14,1-6)

	
	3
	
	C1(5,5-6)
	
	C1(5,5-6)
	G(6)
	C3(15,1-6)

	6
	1
	G(6)
	C1(6,1-2)
	G(6)
	C1(6,1-2)
	G(7)
	C3(16,1-6)

	
	2
	
	C1(6,3-4)
	
	C1(6,3-4)
	G(8)
	C3(17,1-6)

	
	3
	
	C1(6,5-6)
	
	C1(6,5-6)
	G(9)
	C3(18,1-6)

	7
	1
	G(7)
	C1(7,1-2)
	G(7)
	C1(7,1-2)
	G(1)
	C3(19,1-6)

	
	2
	
	C1(7,3-4)
	
	C1(7,3-4)
	G(2)
	C3(20,1-6)

	
	3
	
	C1(7,5-6)
	
	C1(7,5-6)
	G(3)
	C3(21,1-6)

	8
	1
	G(8)
	C1(8,1-2)
	G(8)
	C1(8,1-2)
	G(4)
	C3(22,1-6)

	
	2
	
	C1(8,3-4)
	
	C1(8,3-4)
	G(5)
	C3(23,1-6)

	
	3
	
	C1(8,5-6)
	
	C1(8,5-6)
	G(6)
	C3(24,1-6)

	9
	1
	G(9)
	C1(9,1-2)
	G(9)
	C1(9,1-2)
	G(7)
	C3(25,1-6)

	
	2
	
	C1(9,3-4)
	
	C1(9,3-4)
	G(8)
	C3(26,1-6)

	
	3
	
	C1(9,5-6)
	
	C1(9,5-6)
	G(9)
	C3(27,1-6)


 Table1 Example of “group” based assignment

Table2 Sequence “Group”
	Group
	1RB
	2RB
	3RB
	…

	G(1)
	C1(1,1-6)
	C2(1,1-6), C2(10,1-6)
	C3(1,1-6), C3(10,1-6), C3(19,1-6)
	

	G(2)
	C1(2,1-6)
	C2(2,1-6), C2(11,1-6)
	C3(2,1-6), C3(11,1-6), C3(20,1-6)
	

	G(3)
	C1(3,1-6)
	C2(3,1-6), C2(12,1-6)
	C3(3,1-6), C3(12,1-6), C3(21,1-6)
	

	G(4)
	C1(4,1-6)
	C2(4,1-6), C2(13,1-6)
	C3(4,1-6), C3(13,1-6), C3(22,1-6)
	

	G(5)
	C1(5,1-6)
	C2(5,1-6), C2(14,1-6)
	C3(5,1-6), C3(14,1-6), C3(23,1-6)
	

	G(6)
	C1(6,1-6)
	C2(6,1-6), C2(15,1-6)
	C3(6,1-6), C3(15,1-6), C3(24,1-6)
	

	G(7)
	C1(7,1-6)
	C2(7,1-6), C2(16,1-6)
	C3(7,1-6), C3(16,1-6), C3(25,1-6)
	

	G(8)
	C1(8,1-6)
	C2(8,1-6), C2(17,1-6)
	C3(8,1-6), C3(17,1-6), C3(26,1-6)
	

	G(9)
	C1(9,1-6)
	C2(9,1-6), C2(18,1-6)
	C3(9,1-6), C3(18,1-6), C3(27,1-6)
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Fig.3 The assignment of ZC sequences and their cyclic shifted sequences for PUSCH and PUCCH DM RS in minimum length (=12) case
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Fig.4 The assignment of ZC sequences and their cyclic shifted sequences for sounding RS in minimum length (=36) case
6. Conclusions
In this contribution, we discuss the assignment of ZC sequence and their cyclic shifted sequences with taking into account requirements and features of all kinds of RSs. We prefer the following usage of eNB specific and cell specific assignments.

· PUSCH DM RS: eNB specific

· PUCCH DM RS: eNB specific

· Sounding RS: cell specific
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