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1 Introduction
In LTE Rel-10, SORTD was adopted as the transmit diversity scheme for PUCCH format 3. However, since SORTD requires double resources compared with single antenna transmission, the multiplexing capacity per PRB is reduced to 2, meaning only 2 UEs can be multiplexed per PRB. Therefore, it is very desirable to define a different transmit diversity scheme that has higher multiplexing capacity and provides significant gain over single antenna transmission as well. Enhanced transmit diversity schemes for PUCCH format 3 is identified as one of the areas in the CA enhancement work item [1]. During RAN1#66, the following guidelines were agreed upon regarding the selection of the transmit diversity schemes.
Guidelines for selection of Tx diversity scheme(s):

· PUCCH overhead as close as possible to single antenna case
· Performance significantly improved compared to single antenna and as close as possible SORTD
· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP
Following the guidelines, we evaluate the performance of different transmit diversity schemes for format 3, with the presence of inter-cell interference.
2 Transmit Diversity Schemes for Format 3 and ICI Discussions
For format 3, a few transmit diversity have been proposed and discussed previously, including:
· SORTD
· Alamouti before DFT, or STBC [2] 
· SFBC

· FSTD [3]
We provided performance simulation results for these different transmit diversity schemes with a single UE in [4]. It was shown that STBC, SFBC and FSTD all provide similar performance, about 1~2 dB gain over SIMO, while SORTD is slightly better (no more than 0.5 dB better). It was later discovered [5] [6] that the performance of format 3 can be significantly impacted by the inter-cell interference (ICI) due to the different interference mitigation schemes from those used for format 1x/2x.
For format 3 in Rel-10, the ICI mitigation mechanisms include:

· Cell-specific bit scrambling

· Cell-specific per-OFDM-symbol time domain cyclic shift

More investigations are necessary to understand better whether the existing ICI mitigation mechanism would be sufficient. For any new schemes introduced, it is also important to understand the performance with ICI introduced.
3 Simulation Assumptions
In our simulations, we assume that there is no intra-cell interference, but there is one interfering UE from the adjacent cell. In order to evaluate the worse case performance, the interfering UE is assumed to be always using the same resource index as the UE of interest. The simulation assumptions are summarized in Table 1.

Table 1 Simulation Assumptions

	Parameters
	Assumptions

	Number of ACK/NACK bits
	11

	Carrier frequency
	2 GHz

	Channel bandwidth
	10MHz

	Propagation channels
	EPA 3km/h

	Antenna configuration
	UE: 1Tx for SIMO, 2 Tx for TxDiv schemes;

BS: 2 Rx

Uncorrelated, no power imbalance

	Cyclic prefix
	Normal CP

	Channel estimation
	Practical channel estimation

	Timing estimation
	Perfect timing estimation

	Intra-cell interference
	None

	Inter-cell interference
	One UE with the same resource index in the adjacent cell

	Signal-to-interference ratio
	0 dB, 3 dB, 6 dB, and 10 dB

	Performance metric
	BER


4 Simulation Results
Different from most traditional evaluations, we use BER as the performance metric here, without any DTX detection (or equivalently, using DTX threshold of zero). The reason is that, for the 11-bit payload size we investigate here, there are 5 DL grants corresponding to 5 component carriers. The probability that all the DL grants are not correctly received by the UE becomes very small. Therefore, the DTX detection is not important. The DTX detection would be more relevant when there are only a small number of component carriers (e.g. 2 carriers). Without DTX detection, it also removes the sensitivity of the results with respect to the DTX detection algorithm, thus allowing clearer interpretation. The criteria of Prob(A->D/N) <= 1% and Prob(N->A) <= 0.1% can be translated into BER <= 0.1%. So we are interested in the required SNR for BER <= 0.1% here.
In Figure 1 - Figure 4, the performance curves of different transmit diversity schemes and the baseline SIMO scheme are compared for SIR = 10 dB, 6 dB, 3 dB, and 0 dB, respectively, for 11 A/N bits and EPA 3km/h channel profile. To better observe the performance trend with different interference level, additional charts are provided in Figure 5 for SIMO, SORTD and SFBC. We have the following observations:

· The BER curve starts to gradually flatten out at SIR = 3 dB for SIMO, and at SIR = 0 dB for the transmit diversity schemes.
· Among all the transmit diversity schemes, SORTD performs the best.
· SFBC performs only slightly worse than SORTD (0.2~0.3 dB worse).

· STBC performs slightly worse than SFBC.

· FSTD performs the worst among all the transmit diversity schemes. The performance difference from SORTD tends to become larger as interference level increases.
Based on these results, FSTD appears to be an inferior scheme compared to the other schemes. On the other hand, SFBC performs very well under different interference levels. It performs only slightly worse than SORTD, while keeping the same resource as SIMO. Therefore, it should be considered as the transmit diversity scheme for format 3. On the other hand, whether additional interference mitigation schemes are needed is still to be further investigated.
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Figure 1 Performance comparison: SIR = 10 dB, 11 A/N bits, EPA 3km/h
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Figure 2 Performance comparison: SIR = 6 dB, 11 A/N bits, EPA 3km/h
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Figure 3 Performance comparison: SIR = 3 dB, 11 A/N bits, EPA 3km/h


[image: image4.wmf]1E-4

1E-3

1E-2

1E-1

-8

-7

-6

-5

-4

-3

-2

-1

0

SNR (dB)

BER

SIMO

SORTD

STBC

SFBC

FSTD


Figure 4 Performance comparison: SIR = 0 dB, 11 A/N bits, EPA 3km/h
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Figure 5 Performance comparison across different SIR levels, 11 A/N bits, EPA 3km/h
5 Conclusion
In this contribution, we evaluated the performance of different transmit diversity schemes for format 3 with the presence of inter-cell interference. The results showed that FSTD provides inferior performance compared to other schemes. SFBC provides the best performance among the ones that use the same amount of resource as SIMO, and it performs only slightly worse than SORTD. Therefore, SFBC should be considered further.
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