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1. Introduction

In Kobe meeting, sequence hopping and grouping for demodulation reference signal (DM-RS) was discussed and way forward for PUSCH and PUCCH was agreed ‎[6] 

 REF _Ref170069526 \n \h 
 \* MERGEFORMAT ‎[7] . In this paper, we discuss the following items on RS sequence hopping, especially inter-RS group hopping;

· Number of hopping pattern 
· Sequence hopping interval
· Bandwidth limitation for sequence hopping
2. Discussion

2.1. Number of hopping pattern

Since the purpose of the inter-RS group sequence hopping is to allow an operation without DM-RS sequence planning and management, the large number of hopping pattern with low correlation are preferable design of inter-RS group sequence hopping to reduce the probability of collision.  Therefore, we support to have the same number of inter-RS group sequence hopping pattern as the number of cell-id, and hopping pattern should be derived from cell-id, i.e. 510 (or 504). 

2.2. Sequence hopping interval

Inter-RS group sequence hopping is applied not only to DM-RS of PUSCH but also to DM-RS and spreading code of PUCCH independently. For PUSCH DM-RS, the minimum interval of sequence hopping is slot. Therefore, per slot based sequence hopping is enough. Meanwhile, for PUCCH DM-RS and spreading code of PUCCH, the minimum interval of sequence hopping is SC-FDMA symbol. Therefore, the following three possible hopping intervals can be envisioned. These are shown in figure 1.
· Slot-wise hopping ‎[11]  
· SC-FDMA symbol-wise hopping ‎[12] 
· Block spreading-wise hopping
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Figure 1 Sequence hopping interval.
For PUCCH, there is cyclic shift hopping on the top of sequence hopping. In following, we discuss as if the sufficient interference randomization by cyclic shift hopping would not be provided in order to discuss really worst case. The typical level of inter-cell interference by collision would be less than the values discussed below.

Slot-wise hopping
CG-sequence used for DMRS and spreading code is switched every slot. Therefore, the same CG-sequence is used for both DM-RS and spreading code of PUCCH within a slot.

This achieves the minimum computational complexity among three, since only one time IFFT operation per slot are required for ACK/NACK and CQI frame generation at the transmitter ‎[10] . In addition, only two times FFT operations per slot are required at the receiver for ACK/NACK detection because ACK/NACK data symbols and DM-RS symbols can be accumulated before FFT operation. 
However, we do not think the ability of the interference randomization, which is the main purpose of inter-RS sequence hopping, is not sufficient because all seven SC-FDMA symbols could have severe inter-cell interference among cells when the same CG-sequence is used among neighboring cells. Consequently, the detection error of the PUCCH would not be negligible, especially severe damage would be observed due to ACK/ANCK detection error.

SC-FDMA symbol-wise hopping
CG-sequence is switched every SC-FDMA symbol. Therefore different CG-sequence is used for all SC-FDMA symbols of PUCCH.

This method provides sufficient inter-cell interference randomization since every SC-FDMA symbols are transmitted using different CG-sequences. Therefore, we expect that only one SC-FDMA symbol has severe inter-cell interference per sub-frame when the same CG-sequence is used among neighboring cells, although the number of collided symbols depends on actual sequence hopping pattern. As a consequence, the impact of PUCCH detection error can be most minimized among three.

Meanwhile, this method requires the largest computational complexity among three. That is, seven times IFFT operations per slot are required for ACK/NACK and CQI generation at the transmitter. And also, seven times FFT operations per slot are also required for ACK/NACK detection at the receiver because accumulation of ACK/NACK symbols and DMRS symbols before FFT operation cannot be applied.

Block spreading-wise hopping

CG-sequence is switched every boundary between ACK/NACK symbol and DMRS symbol. Therefore different CG-sequences are used for DMRS and spreading code of PUCCH.

This method would also provide sufficient inter-cell interference randomization since three different CG-sequences are used within a slot. With this method, 2 or 3 SC-FDMA symbols within a sub-frame (i.e. 2/14 or 3/14) have severe inter-cell interference when the same CG-sequence is used among neighboring cells. Therefore, we think that the PUCCH detection performance degradation would be sufficiently mitigated.

In addition, the computational complexity of this method would be acceptable because the required IFFT and FFT operation per slot at the transmitter and the receiver is three time for ACK/NACK transmission and reception.
From the above consideration, block spreading-wise hopping seems appropriate from the interference randomization ability and the complexity point of view. Therefore, we propose to apply block spreading-wise hopping as inter-RS group hopping for PUCCH. 

Table 1 Summary of comparison of three sequence hopping interval.
	
	Ability of interference randomization
	Computational complexity

	Slot-wise hopping
	Not sufficient
	Small

	SC-FDMA symbol-wise hopping
	Sufficient
	Large

	Block spreading-wise hopping
	Sufficient
	Moderate


2.3. Bandwidth limitation for sequence hopping 

ZC sequence hopping and cyclic shift hopping per slot/sub-frame was agreed to reduce occurrence probability of large cross-correlation among ZC sequences of different lengths. According to the current agreed way forward for PUSCH DM-RS ‎[6] , intra-/inter-group sequence hopping is allowed for any bandwidth, even in the case that occupy very large number of RBs such as 50 - 100RBs. 

Table 2 Relation among possible RBs, Number of sequences per RS groups and system bandwidth.
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1 1 CGS 12 30 1

2 2 CGS 24 30 1

3 3 EZC 36 30 1

4 4 EZC 48 46 1

5 5 EZC 60 58 1

6 6 EZC 72 70 2

7 8 EZC 96 88 2

8 9 EZC 108 106 3

9 10 EZC 120 112 3

10 12 EZC 144 138 4

11 15 EZC 180 178 5

12 16 EZC 192 190 6

13 18 EZC 216 210 7

14 20 EZC 240 238 7

15 24 EZC 288 282 9

16 25 EZC 300 292 9

17 27 EZC 324 316 10

18 30 EZC 360 358 11

19 32 EZC 384 382 12

20 36 EZC 432 430 14

21 40 EZC 480 478 15

22 45 EZC 540 522 17

23 48 EZC 576 570 19

24 50 EZC 600 598 19

25 54 EZC 648 646 21

26 60 EZC 720 718 23

27 64 EZC 768 760 25

28 72 EZC 864 862 28

29 75 EZC 900 886 29

30 80 EZC 960 952 31

31 81 EZC 972 970 32

32 90 EZC 1080 1068 35

33 96 EZC 1152 1150 38

34 100 EZC 1200 1192 39
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Our position is the RS sequence hopping is unnecessary for relatively larger bandwidth and necessary for relatively smaller bandwidth due to the following reasons.

· Interference from the DM-RS which occupies larger number of RBs (e.g. 50RBs, 100RBs) would be negligible.

· The effect of sequence hopping between DM-RS of smaller bandwidth and larger bandwidth still can be obtained even if sequence hopping is not applied for larger bandwidth since sequence hopping of smaller bandwidth can be applied.

· The sufficient number of sequence groups in order to simplify the cell planning can be defined for lager bandwidth because the large number of root ZC sequences is available. 

On the other hand, as the length of RS sequence increases, the implementation complexity increases due to

· the sequence length of reference signal as shown in Table 2, and

· the sequence switching of every slot/sub-frame.

Therefore, in order to reduce hardware complexity, we propose not to apply RS sequence hopping to wider bandwidth than around 20 RBs.

In order to evaluate the bandwidth which requires sequence hopping, we obtained results on the bandwidth of dominant interference source by system level evaluation. We evaluate the probability of observed bandwidth as interference source, mean IoT per each bandwidth to estimate the relation between bandwidth and inter-cell interference level under full buffer condition with proportional fairness scheduler. The other simulation condition is shown in Appendix A.

Figure 2 (a) shows CDF of the probability of observed bandwidth as the interference source. The probability that the sequences which occupy larger than 12RBs as interferences is less than 0.1%. 

Figure 2 (b) shows the distribution of mean IoT per each bandwidth of interference source. For smaller bandwidth of less than 15RBs, mean IoT dose not have large difference due to inter- and intra-cell uplink power control is applied as ‎[5] . On the other hand, the mean IoT of wider bandwidth than 15RBs gradually decreases as increasing bandwidth. 
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(a) CDF of RB size as interference source                                (b) distribution of mean IoT 

Figure 2 (a) CDF of each RB size as interference source, (b) distribution of mean IoT per interference source and each RB size (ISD=500m, TU6 3km/h).

From the above reasons and the evaluation results, the sequence hopping in order for mitigation of large cross-correlation between different ZC lengths can be limited only for relatively smaller bandwidth, although further discussion would be necessary to decide the maximum bandwidth on which sequence hopping is applied. According to the simulation results, our current view is the maximum bandwidth sequence hopping applied is up to around 20 RBs.

Proposal

In order to reduce complexity due to sequence hopping for larger bandwidth, sequence hopping should not be applied to wider bandwidth than around 20 RBs, i.e. no sequence hopping (both of inter-/intra-RS group hopping) is applied.
3. Conclusion

We discussed RS sequence hopping especially for inter-RS group sequence hopping.

From the discussion, we propose the followings;

· Number of hopping pattern: Same number of cell-id, i.e. 510 (or 504)
· Sequence hopping pattern should be derived from cell-id
· Sequence hopping interval: Block spreading-wise hopping
· Common sequence hopping pattern between PUCCH and PUSCH is used
· Sequence hopping should not be applied to wider bandwidth than around 20 RBs, i.e. no sequence hopping (both of inter-/intra-RS group hopping) is applied.
	
	Bandwidth
	Inter-RS sequence hopping
	Intra-RS sequence hopping
	Cyclic shift hopping

	PUCCH
	1RB (PUCCH)
	Block spreading-wise hopping
	n/a
	SC-FDMA symbol-wise hopping

	PUSCH
	1RB – 5RBs
	Slot-wise hopping
	n/a
	Slot-wise hopping

	
	6RBs – 20RBs
	
	FFS
	

	
	24 RBs – 100RBs
	n/a
	FFS
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Appendix A: System level simulation condition

Table A-1 Uplink system level parameters.
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 cell sites, 

3 sectors per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

	Distance-dependent path loss
	L = I + 37.6log10(R), R in kilometers
I = 128.1 – 2GHz

	Lognormal Shadowing 
	UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Resource block size
	180 kHz

	Sub-frame length(=TTI length)
	1.0 ms

	Control Overhead
	2 symbols out of 7

	Channel model
	6-ray Typical Urban (TU)

	Channel Estimation
	Ideal

	number of UEs per sector
	20

	Minimum distance between UE and BS
	35m

	Frequency reuse factor
	1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	BS antenna gain (incl. cable loss)
	14 dBi

	MS noise figure
	9 dB

	# of BS receiver antennas
	2

	UE Tx power
	24dBm (250mW)

	UE speed 
	3 km/h

	# of UE transmitter antenna
	1

	UE antenna gain
	0 dBi

	Scheduler
	Proportional Fair

	Control Delay
	2.0ms

	HARQ
	Combining scheme
	Chase combining

	
	# of HARQ processes
	6 sub-frames

	
	Max # of Retransmissions
	8

	Intra-Cell TPC‎[5] 
	Target SINR
	2 dB

	
	PSD step size
	1 dB

	
	update period
	2 ms

	Inter-Cell TPC‎[5] 
	Target IoT
	4.5 dB

	
	PSD offset step size
	0.05 dB

	
	update period
	2ms

	Number of sim. frames
	20000

	Number of deployments
	10


Table A-2 MCS table.

	Transport Format
	Modulation
	Code Rate
	10% EsNt Threshold [dB]
	Beta Parameters for EESNR

	-5
	QPSK
	1/8
	-5.7
	1.49

	-4
	QPSK
	1/7
	-5.1
	1.49

	-3
	QPSK
	1/6
	-4.4
	1.49

	-2
	QPSK
	1/5
	-3.6
	1.49

	-1
	QPSK
	1/4
	-2.5
	1.49

	0
	QPSK
	1/3
	-1.4
	1.49

	1
	QPSK
	1/2
	1
	1.57

	2
	QPSK
	2/3
	3.1
	1.69

	3
	QPSK
	3/4
	4.2
	1.69

	4
	QPSK
	4/5
	4.9
	1.65

	6
	16QAM
	1/2
	6.2
	4.56

	7
	16QAM
	2/3
	8.9
	6.42

	8
	16QAM
	3/4
	10.3
	7.33

	9
	16QAM
	4/5
	11.1
	7.68

	10
	64QAM
	3/5
	12.5
	15.5

	11
	64QAM
	2/3
	13.9
	19.6

	12
	64QAM
	3/4
	15.6
	24.7

	13
	64QAM
	4/5
	16.5
	27.6


Table A-3 Cell, user and cell-edge user throughput.

	Avg. cell throughput
	Avg. user throughput 
	Cell-edge user throughput 

	6.57Mbps
	329Kbps
	116Kbps
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Figure A-1 Relation between serving cell and neighboring 6 cells for counting interference source.
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