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1
Introduction

In RAN1#62, it was agreed to employ the Rel-8 cell-specific cyclic shift in symbol-level to randomize the inter-cell interference of PUCCH format 3 [2]. However, although the symbol-level cyclic shift is adopted, for some cases, the inter-cell interference degradation is still not acceptable.
In this contribution we propose a remapping function for Rel-10 PUCCH format 3 resources to further randomize the inter-cell interference.
2
Discussion
2.1
Current definition for PUCCH format 3
PUCCH format 3 is a new feature in LTE Rel-10 for transmitting A/N information in Carrier Aggregation (CA). It utilizes CDM-based DFT-S-OFDM scheme which can multiplex up to five UEs in a resource block. Therefore, interference mitigation/randomization would be an important issue for PUCCH format 3. The following functions are employed for inter-cell interference randomization;

· cell-specific scrambling
· cell-specific SC-OFDM symbol level CS hopping

The symbol level CS hopping scheme defined for PUCCH format 3 follows the randomize scheme specified for PUCCH formats 1 and 2. As shown in [1], each set of complex-valued symbols shall be cyclically shifted according to
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 is a cell-specific parameter defined in Section 5.4 of [1], 
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 is the slot number within a radio frame and 
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 is the SC-FDMA symbol number within a slot. The shifting pattern varies on each DFT-S-OFDMA symbols according a Rel-8/9 cell-specific pseudo-random pattern 
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. Figure 1 shows functional blocks of PUCCH format 3.
In this contribution we introduce an additional function for Rel-10 PUCCH format 3 to further randomize the inter-cell interference. That is, utilize a remapping function on 
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 to randomize the inter-cell interference in resource domain to avoid the UE always suffers from the same high power interfering UEs in the neighbour cells. 
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Figure 1: PUCCH format 3 generating functions
2.2
Resource index remapping for PUCCH Format 3
In Rel-10, resource index of PUCCH format 3 is assigned by higher layer configuration (RRC). The resource index
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 would not be changed unless for RRC reconfiguration or RRC reestablishment. Hence, a UE may always suffered from same interference source (another UE(s) in neighbour cell and with same set of 
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). Figure 2 illustrates the possible scenario when two UEs are served by two adjacent eNBs/cells and these UEs are configured with the same resource by their serving cells.  When UE 1 and UE2 are located at cell edge, the performance loss of A/N detection would be significant. Figure 2 shows the performance of current PUCCH format 3 when the UE suffers from different level of inter-cell interference (0dB, -3dB, and -6dB) [9]. Note that the required SNR for PUCCH format 3 is determined as the SNR that yields 1% ACK miss detection  and 0.1% NACK to ACK probabilty.
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Figure 2: Inter-cell interference experienced by a UE transmitting PUCCH format 3 in the UL
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Figure 3: PUCCH format 3 decoding performance with different inter-cell interference level, A/N bit length = 3.

When comparing the required SNR for PUCCH format 3 with ideal case (without interference), the performance degradation is distinct. From Figure 3, it can be seen that with current interference randomization, the performance degradation is non-negligible.
In order to further reduce the impact of strong inter-cell interference,  we investigate a resource index (
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) remapping scheme for PUCCH format 3. This scheme remaps the resource index of PUCCH format 3  slot by slot (or subframe by subframe) to randomize the interference in frequency (PRB) and code domain (OCC) For example, the physical resources (PRB index and OCC mask etc.) are obtained by 
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,which is computed by the following equation:
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where 
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 denotes the number of PRB for PUCCH format 3 and SF=5. Figure 4 shows the performance comparison between the proposed 
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 remapping scheme and the current PUCCH format 3 randomization scheme (baseline). In this figure, we compare the performance of PUCCH formant 3 for different inter-cell interference level (0dB, -3dB, and -6dB) when A/N payload sized is fixed as 3 bits. The proposed resource index remapping scheme improves the required SNR by around 2dB when the interference level is 0dB, and the performance degradation of proposed randomization scheme is indistinct when the interference level less than -6dB. Figure 5 compares the performance of PUCCH format 3 for different A/N payload size (3 bits and 8 bits) when the inter-cell interference level is 0dB. It is clear that current randomization scheme can not meet the performance requirement of NACK to ACK (0.1%) [9].
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Figure 4: Comparison of PUCCH format 3 decoding performance with different inter-cell interference level, A/N bit.
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Figure 5: Comparison of PUCCH format 3 decoding performance with different A/N bit length, inter-cell interference = 0dB.
Proposal: To further randomize the inter-cell interference, the resource index of PUCCH format 3 should be remapped per-slot or per-subframe before calculate corresponding physical resource.

3
Conclusions

In this contribution, we discussed the remaining details of PUCCH format 3. It is shown in our simulation that the current inter-cell interference randomization scheme cannot meet the performance requirement. Therefore, we propose to further randomize inter-cell interference by remapping the resources index. 
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Appendix

Table 1: Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	Channel model
	ETU, Doppler frequency = 70Hz

	Antenna setup
	1Tx, 2Rx

	RX antenna correlation
	uncorrelated

	Channel estimation
	Practical

	Number of PRB for PUCCH format 3
	2

	CP type
	Normal CP

	Receiver type
	LS
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	Noise estimation
	Ideal
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