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1. Introduction

The details for PUCCH format 3 was captured in [1]. For intra-cell and inter-cell interference randomization, the Rel-8 cyclic shift hopping is employed. In [3], further inter-cell interference randomization schemes were proposed for PUCCH format 3, especially considering a dominant PUCCH format 3 interferer with the same orthogonal cover sequence as the desired UE. In RAN1#63, the following agreement was made:

· Use OCC remapping across slots

· Working assumption to use Rel-8 remapping adapted to the format 3 SF

· Check until RAN1#63bis whether inter-cell interference presents a significant problem that requires a modification to the remapping.
In this contribution, we evaluate the performance of additional inter-cell interference randomization methods for PUCCH format 3 in Rel-10.
2. Inter-cell interference randomization scheme
Rel-8 slot based OCC remapping aims mainly to randomize intra-cell interference, since the Rel-8 slot based OCC remapping is the same for all cells. In order to randomization PUCCH format 3 inter-cell interference, the slot based OCC remapping shall be different for different cells. The motivation is that a dominant interferer with the same OCC as the desired UE occurs only in one slot of a subframe. For the performance evaluation in this contribution, we assume the following slot based OCC remapping scheme:
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 is the spreading factor of PUCCH format 3 in slot 1.
In this contribution, we evaluate the performance of slot based OCC remapping when applied in conjunction with the following inter-cell interference randomization schemes:
· Scheme 1: Rel-8 cyclic shift hopping. This scheme is the same as currently specified in [1]

· Scheme 2: Cell-specific RE based scrambling sequence. This scheme employs a length 120 (12 x 5 x 2) scrambling sequence. Each element of the scrambling sequence is multiplied to a corresponding RE. The scrambling sequence is cell-specific, such that intra-cell orthogonality is maintained. Each element of the scrambling sequence is a random QPSK constellation point in the simulations.
· Scheme 3: Cell-specific SC-FDMA based scrambling sequence. This scheme employs a length 10 (5 x 2) scrambling sequence. Each element of the scrambling sequence is multiplied to a corresponding SC-OFDMA symbol. The scrambling sequence is cell-specific, such that intra-cell orthogonality is maintained. Each element of the scrambling sequence is a random QPSK constellation point in the simulations.
Figures 1 – 3 show the ACK/NAK BER performance, with one desired UE and one PUCCH format 3 interferer. The ratio of interference to signal power is 0dB, -3dB, and -10dB in the evaluations. Other simulation assumptions are listed in the Appendix. ACK/NAK DTX detection is not applied, in order to reduce the simulation efforts. The following observations are made:
· Scheme 1 without slot based OCC remapping has the worst performance. Hence additional randomization scheme for PUCCH format 3 is beneficial.
· Schemes 2 & 3 have comparable performance, irrespective of the application of slot based OCC remapping.
· Schemes 2 & 3 have better performance for scheme 1 with slot based OCC remapping, e.g. when the interference power is large and the number of ACK/NAK feedback bits is medium.

Based on the above observations, our current preference is to adopt either scheme 2 or scheme 3, without slot based OCC remapping.
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Figure 1: Performance of inter-cell interference randomization for PUCCH format 3, I/C = 0 dB
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Figure 2: Performance of inter-cell interference randomization for PUCCH format 3, I/C = -3 dB
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 Figure 3: Performance of inter-cell interference randomization for PUCCH format 3, I/C = -10 dB
3. Conclusions

In this contribution, we evaluate the performance of additional inter-cell interference randomization schemes for PUCCH format 3 in Rel-10. Our evaluations indicate that a RE based or SC-FDMA based cell-specific scrambling sequence provides performance benefits for PUCCH format 3. In addition, if the RE or SC-FDMA based cell-specific scrambling sequence is adopted, the slot based OCC remapping is not necessary. Therefore, we recommend that either the RE based or the SC-FDMA based cell-specific scrambling sequence is adopted for PUCCH format 3 in Rel-10.
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5. Appendix

	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	ETU 3km/h

	frequency hopping
	at slot boundary

	antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	channel estimation
	Practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	Number of UEs
	1

	Number of interferers 
	1

	Ratio of interference to signal power
	0dB, -3dB, -10dB

	Number of PRBs for PUCCH
	1
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	ACK/NAK transmission scheme
	PUCCH format 3 (DFT-S-OFDM)

	Number of ACK/NAK bits
	4 or 8

	ACK/NAK coding scheme
	Rel-8 RM(32,O) coding
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