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1. Introduction

In Malta meeting, reference signal hopping was discussed to mitigate large cross-correlation between different ZC lengths. However, RAN1 have not reached any consensus regarding hopping scheme, hopping pattern, etc.
In this paper, we discuss the following items;
· Coordinated hopping pattern/no planning (random hopping)
· Sequence hopping or cyclic shift hopping, or both
· RB limitation for sequence hopping
2. Discussion
2.1. Coordinated hopping pattern/no planning (random hopping)
In Malta meeting, we observed planning of RS hopping pattern and/or ZC sequence allocation is necessary, in order to avoid or mitigate that the same ZC sequence is used in neighbor cells [1] . Coordinated sequence hopping among cells may be possible for the deployment scenario with frame synchronization among cells. However, the design of coordinated hopping pattern seems to be complicated without frame synchronization among eNBs.
Meanwhile, the performance loss when the same root ZC sequences are used between neighboring cells has not been shown in RAN1 when random hopping is applied. Therefore, we evaluate how much the BLER and throughput performance are deteriorated to seek the possibility of random hopping by link level simulation. We focus on 1RB, since 1RB is the worst case due to the least available root ZC sequence, i.e. 10 or 12 using cyclic extension or truncation method, respectively.
Simulation condition is shown in Table 1. We assume two cells for simplicity. Collision rate is used as parameter, where collision rate is defined as the probability of the same ZC sequence is used between neighboring cells.
Figure 1 shows throughput performance under TU 6-path channel (30km/h). BLER performance and number of retransmission which are used for throughput calculation are also shown in Appendix A.

From the results, if corrosion rate is less than 10%, the performance degradation is very limited (less than 0.2dB). Even if corrosion rate is around 10 to 25%, the performance degradation is up to 1dB.
If applying truncation method for 1RB RS generation, 12 root ZC sequences are available. The average collision rate becomes 1/12 = 8.3%. Therefore, random hopping would be applicable for the LTE system. In addition, for two or more RBs, the performance degradation is negligible because of collision rate is reduced. If more ZC sequences are available even for 1RB, the performance degradation is also negligible.
Table 1 Simulation condition.

	Parameter
	Value

	Interference RS
	Bandwidth of interference RS
	1RB (12 sub-carriers, 180kHz)

	
	ZC sequence length
	11 (# of root ZC: 10)

	Desired RS
	Bandwidth of interference RS
	1RB (12 sub-carriers, 180kHz)

	
	ZC sequence length
	11 (# of root ZC: 10)

	Number of cyclic shift
	6

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

	IoT (Interference and Noise power ratio)
	6 dB

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

	Modulation and coding scheme
	QPSK (R=1/2), 16QAM (R=1/2, R=8/9)

	HARQ
	Incremental Redundancy

	HARQ round trip time
	4 sub-frame

	Maximum retransmission number
	4

	Sequence hopping period
	per slot

	Sequence index
	Random selection
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Figure 1 Throughput performance corresponding to collision rate (1RB, TU6, 30km/h).
2.2. Sequence hopping or cyclic shift hopping

From the above evaluation results, less than 10% corrosion rate is better not to degrade the throughput. Although we evaluated the performance loss in case of the same bandwidth in the above, the results could be used for the performance loss estimation in case of the large cross-correlation between different ZC lengths, since the performance degradation is caused by channel estimation error due to large cross-correlation irrespective of ZC length.
With applying only cyclic shift hopping, its collision rate becomes 1/6 = 16.7% in case of 6 cyclic shifts generated from a single ZC sequence, because relative relation of two cyclic shifts between two cells is 6 patterns. Therefore, if only cyclic shift hopping is applied, careful cell planning is required.
Only 12 root ZC sequences are available for 1RB even if applying truncation method. Cell planning of 12 ZC sequences seems difficult and daunting challenge. Therefore, we propose random hopping allocation. 
Meanwhile, cell planning based approach was proposed in [5] . If cell planning of ZC sequence for 1RB is no problem for operator, we support the principle of the proposal [5] , because cell planning based approach would provide better performance compared to random hopping based approach. Therefore, we also propose to cover cell planning approach in addition to random hopping as shown in Table 2.
To simplify the implementation, we propose cell planning approach (option B) as a base. Then random hopping of ZC sequence is additionally switched on as option A for only the small number of RBs. If cyclic shift hopping is used, common method should be applied for both options A and B for simplicity. Some kind of sequence grouping may be required to reduce signaling overhead for ZC sequence set indication. The group indicates hopping pattern and initial ZC sequence index for option A (random hopping), the group also indicates ZC sequence index for option B (planning). But actual grouping method is FFS.
Proposal

We propose the following hopping method. 

· Random ZC sequence hopping is applied
· It should be possible to switch off ZC sequence hopping statically to support cell planning based approach as cell basis.
Table 2 Proposed ZC sequence planning and hopping

	
	ZC sequence allocation
	Sequence hopping
	Cyclic shift hopping
	ZC sequence grouping
	Note

	Option A
Hopping basis
	Random hopping

(hopping pattern is statically assigned)
	Yes
	Yes or No
(should be common design for option A and B)
	FFS 
(any kind of grouping may be required to reduce signaling overhead for ZC sequence set indication)
	Random sequence hopping applied for the small number of RBs

Different hopping period may be applied to different RB size.

	Option B 
Cell planning basis
	Static
	No
	
	
	Option B is always used for the large number of RBs


2.3. RB limitation for sequence hopping 
ZC sequence hopping increases implementation complexity especially for large RB size. Therefore, we propose that sequence hopping should be limited for narrower RBs in [1] . In order to understand the RB size which requires sequence hopping, we evaluate RB size of dominant interference source by system level evaluation.
We evaluate the probability of allocated RB size in neighboring cells as interference source by proportional fairness scheduler. We also evaluate IoT per sub-frame of each RB size to estimate relation between RB size and inter-cell interference level. The other simulation condition is shown in Appendix B.
Figure 2 shows occurrence probability of each RB and its CDF, which shows the probability of assigned RB size to UEs by the scheduler. The probability is reduced according to increasing RB size, e.g. occurrence probability of 1-10 RB is around 95%, that of 1-12 RB is 97.5%. The probability of other RBs become interference source is less than 5%. 
Figure 3 shows distribution of IoT per sub-frame of each RB size. The IoT per sub-frame of each RB size dose not have large difference because intra-cell uplink power control is applied as [7] .
From these results, dominant RB size as interferer source is concentrated to small RB with taking into account the probability of allocated RB size. Up to around 10 or 12 RBs seems to be enough to apply ZC sequence hopping. 12 RB looks good number because of the number of RBs for 2.5MHz bandwidth.

In addition, assuming two RBs, one is smaller RB with hopping and the other is larger RB without hopping, the effect of hoping still can be obtained, i.e. reduction of the occurrence probability of large cross-correlation. Therefore, from the evaluation results and discussion, we can limit the sequence hopping adoption only for smaller RB size.
Proposal
· Sequence hopping is applied only for 1-12 RB. 
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(a) Occurrence probability of each RB size             (b) CDF of occurrence probability of each RB size
Figure 2 Occurrence probability and CDF of each RB size as interference source (ISD=500m, TU6 3km/h)
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Figure 3 distribution of average IoT per sub-frame of each RB size (ISD=500m, TU6 3km/h)
3. Conclusion

We discuss coordinated or random hopping, and sequence hopping or cyclic shift hopping.
From the discussion, we propose the followings;
· Random ZC sequence hopping is applied (for small RBs) with different hopping period per RB

· It should be possible to switch off ZC sequence hopping statically to support cell planning based approach as cell basis.

· Sequence hopping is applied only for 1-12 RBs. 
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Appendix A: BLER performance of random hopping
Figure A-1 shows BLER performance under TU 6-path channel (30km/h), and Figure A-2 shows success rate vs. number of attempt, which are used for throughput calculation. Simulation condition is shown in Table 1. 
[image: image5.emf]B


L


E


R


S


I


N


R


 


[


d


B


]


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


1


0


0


%


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


 


 


5


0


%


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


 


 


2


5


%


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


1


6


.


7


%


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


1


2


.


5


%


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


 


 


8


.


3


%


 


c


o


l


l


i


s


i


o


n


 


r


a


t


e


:


 


 


 


 


 


 


0


%


Q


P


S


K


R


=


1


/


2


1


6


Q


A


M


R


=


8


/


9


1


6


Q


A


M


R


=


1


/


2


1


R


B


I


o


T


=


6


d


B


T


U


6


 


3


0


k


m


/


h


-


5


0


5


1


0


1


5


1


0


-


3


1


0


-


2


1


0


-


1


1


0


0




B

L

E

R

SINR [dB]

 collision rate: 100%

 collision rate:   50%

 collision rate:   25%

 collision rate: 16.7%

 collision rate: 12.5%

 collision rate:   8.3%

 collision rate:      0%

QPSK

R=1/2

16QAM

R=8/9

16QAM

R=1/2

1RB

IoT=6dB

TU6 30km/h

-5 0 5 10 15

10

-3

10

-2

10

-1

10

0


Figure A-1 BLER performance corresponding to collision rate (1RB, TU6, 30km/h).
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(a) QPSK R=1/2                                                             (b) 16QAM R=1/2
Figure A-2 Success rate vs. number of attempt (1RB, TU6, 30km/h)
Appendix B: System level simulation condition

Table B-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, 1732m

	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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 = 70 degrees, Am = 20 dB

	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

	Target IoT
	4.5 dB

	Scheduler
	Proportional Fair

	Control Delay
	4.0ms

	HARQ
	Combining scheme
	Chase combining

	
	# of HARQ processes
	6 sub-frames

	
	Max # of Retransmissions
	8

	Number of sim. frames
	4000

	Number of deployments
	2


Table B-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


Table B-3 TPC parameters [7] 
	Intra-cell TPC


	Target SINR
	5dB

	
	Averaging time coef.
	0.05 (10ms)

	
	Initial attenuation
	0 dB

	
	Feedback type
	relative (2.0 dB step)

	
	Update period
	relative:2ms (2/0.05*0.1*0.5ms)

	Inter-cell TPC


	PSD offset step size
	0.05 dB(ISD 500m)

	
	Averaging time coef.
	0.05 (10ms)

	
	Target IoT
	4.5 dB

	
	Range of Initial PSD offset
	[-4, 10]

	
	Range of PSD offset
	[-Inf, Inf]
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