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Discussion
1 
Introduction
In [2], we evaluated the impact of inter-cell interference for PUCCH Format 3 and showed that the baseline inter-cell interference randomization approach based on symbol-level cyclic shift hopping cannot effectively mitigate inter-cell interference in the presence of one or few high power interfering UEs in the neighbouring cells.  In view of this limitation, we proposed three complementary inter-cell interference randomization schemes to further mitigate the impact of inter-cell interference for R10 PUCCH Format 3 among which the cell-specific OCC hopping at the subcarrier-level showed the best performance. 

In this contribution, we investigate the performance of subcarrier-level hopping at the system-level and provide explicit formulations for realization of this scheme.
2 
Discussion
In case of subcarrier-level hopping, the OCC assignment is performed on the sub-carrier level wherein for a given subcarrier in a given slot, the UE is assigned a different time-domain orthogonal cover code for data block spreading. This scheme can be regarded as the generalization of the baseline approach wherein each UE uses the same OCC for data spreading on all subcarriers in a given slot. One exemplary method for the UE to implicitly determine the assigned orthogonal cover code at the subcarrier index 
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The quantity 
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is a cell-specific parameter that varies with the subcarrier index 
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and the slot number 
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where the pseudo-random sequence 
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 is defined by section 7.2 in [1]. The pseudo-random sequence generator is initialized with 
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at the beginning of each radio frame. 

As for 
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, it is a function of the assigned PUCCH Format 3 index 
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Note that enabling OCC remapping across the two slots is to mitigate intra-cell interference for high Doppler scenarios. As indicated in [4], the multiplication factor of 3 maximizes the OCC separation between adjacent resources in the even slots.
3
System-Level Evaluation

In this section, to get some insight into range and coverage of PUCCH format 3, we evaluate the geometry of PUCCH Format 3 according to the baseline structure defined in [1]. System level parameters together with simulation results are included in the Appendix.

Figures 1-3 summarize the CDF of coverage area probability as a function of BER and Figures 4-6 summarize the CDF of coverage area probability as a function of the effective SINR. In this study, the number of simultaneously multiplexed UEs on the same PRB is varied from 1 to 5. Besides, for each configuration, we have considered three representative A/N payload sizes, i.e., N=3, N=8 and N=11 bits.
According to the required SINR values for baseline PUCCH Format 3 presented in [3] (reproduced in Table 1), we can observe from Figures 1-3 that for payload size of 3 bits almost all UEs can meet the performance targets regardless of the number of UEs multiplexed on the same PRB. However, for ACK/NACK payload size of 11 bits, about 25% of UEs cannot achieve the BER performance target of 10e-3 when the system is fully loaded (i.e., five UEs are multiplexed on the same PRB). Similarly for ACK/NACK payload size of 8 
Table 1: Required operating SINR for PUCCH format 3 to meet BER=10e-3

	Required 
operating SINR 
	Ideal
(un-correlated)
	Rx power offset 10 dB
	Rx power offset 6 dB
	Rx power offset 3 dB
	Rx power offset 0 dB

	Baseline scheme
	3 bits A/N
	-6.6
	-5.4
	-4.8
	-4.2
	-3.2

	
	8 bits A/N
	-3.0
	-2.8
	-1.9
	-0.1
	Can’t be met.

	
	11 bits A/N
	-1.1
	-1.1
	-0.4
	2.3
	Can’t be met.

	Cell-specific OCC subcarrier-level hopping
	3 bits A/N
	-6.6
	-5
	-4.8
	-4.4
	-3.2

	
	8 bits A/N
	-3.0
	-3
	-2.4
	-1.6
	3

	
	11 bits A/N
	-1.1
	-1.6
	-1.2
	0.2
	5


bits, about 15% of the UEs cannot meet the performance target at the SINR of -3dB.

As shown in [3], in the presence of a dominant inter-cell interferer, the achievable operating SINR for PUCCH Format 3 will be degraded in the order of up to 2-3 dB compared to ideal conditions (AWGN like interference signatures corresponding to many interferers) for both small (3 bits) and large (11 bits) AN payloads. From system-level perspective, this performance loss can be translated to reduced coverage for a larger percentage of UEs. 
For instance, when the Rx power offset between the dominant interferer and the desired UE is about 6dB, according to the baseline inter-cell interference randomization scheme, for the largest payload size of 11 bits up to 40 percent of the UEs cannot meet the required SINR of -0.4dB in a fully loaded system. However, by employing OCC hopping at the subcarrier level, only about 25% of the UEs cannot meet the performance target of -1.2dB. Note that this is the same operating SINR as the case where there is no colored interferer in the system. In other words, by employing a complementary inter-cell interference randomization scheme, namely OCC hopping at the subcarrier-level, for this example there is no coverage loss associated with the colored inter-cell interferers.
4 
Conclusion

In this contribution, we evaluated the geometry of PUCCH Format 3 through system-level simulations. Our analysis shows that OCC hopping at the subcarrier level considerably improve the coverage of PUCCH Format 3 in interference-limited deployment scenarios.
Proposal: The cell-specific OCC hopping at the subcarrier-level is applied for PUCCH Format 3.
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APPENDIX 
System level parameters are summarized in Table 2.

Table 2: System-level simulation assumptions

	Parameter
	Assumption

	Cell Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap round

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing 
	Log normal distribution

	Shadowing standard deviation
	8 dB  

	Inter site distance
	500m (Case 1)

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern (horizontal)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)


	
[image: image18.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

q

q

q

q



[image: image19.wmf]dB

3

q

 = 10,  SLAv = 20 dB


[image: image20.wmf]etilt

q

= 15 degrees (case 1) and 
[image: image21.wmf]etilt

q

= 6 degrees (case 3)  

	Combining method in 3D antenna pattern
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	Antenna height at the base station
	32 m

	Antenna height at the UE
	1.5 m

	Channel model
	SCM

	UE power class
	23 dBm

	Minimum distance between UE and cell
	35 meters

	TX/RX antenna configuration
	1x2 

	PUCCH bandwidth for A/N transmission
	1 RB

	Channel estimation 
	Realistic

	Maximum Doppler frequency 
	5 Hz
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Figure 1: CDF as a function of ACK/NACK BER when only one UE is transmitting on a single PRB
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Figure 2: CDF as a function of ACK/NACK BER when 3 UEs are multiplexed on a single PRB
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Figure 3: CDF as a function of ACK/NACK BER when 5 UEs are multiplexed on a single PRB
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Figure 4: CDF as a function of the effective SINR when only one UE is transmitting on a single PRB
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Figure 5: CDF as a function of the effective SINR when 3 UEs are multiplexed on a single PRB
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Figure 6: CDF as a function of the effective SINR when 5 UEs are multiplexed on a single PRB
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