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1 Introduction
At RAN1#67, there were extensive discussions on the TxD scheme of PUCCH Format 1b with channel selection. Although there was no a final agreement on the TxD scheme, the candidate schemes discussion converged on three open loop TxD schemes, i.e. E-SORTD2 [1], PVS and SORTD. The conclusion was to aim for a unified TxD scheme that is common for FDD/TDD in RAN1#68. In [2] we showed that SORTD would be the preferred choice for a unified scheme considering its performance advantages and low specification impact. There are only few cases (3 and 4 ACK/NACK bits for FDD and TDD with M=1) where the resource overhead would be large and a resource efficient scheme is motivated. These cases can still be handled in a unified manner between FDD and TDD.  
In this document, the three candidate schemes are further analyzed and compared from the aspects of performance and specification impact. Based on the discussion, we propose that SORTD is adopted as the TxD scheme of PUCCH Format 1b with channel selection, which is:
· SORTD for the case of FDD 2 ACK/NACK bits, TDD 2 ACK/NACK bits with M=1 and TDD with M=2/3/4; spatial bundling is performed if the number of ACK/NACK bits is 3 or 4 in case of FDD and TDD with M=1, and then SORTD is applied on the resulting 2 bits. 
· Or pure SORTD is applied for all the cases in FDD/TDD.
2 Discussion on the TxD scheme
According to the online discussions at RAN1#67, in addition to the TxD scheme selection, there was also the concern on the need of TxD scheme for PUCCH Format 1b with channel selection. Firstly, it is known that the benefit of TxD scheme is to increase the coverage or save transmission power in case of maintaining the coverage. The power saving is very useful for UEs especially for the high power consuming smart phones because it can prolong the battery life. Furthermore, it is beneficial to intra/inter-cell interference mitigation since the PUCCH transmission is based on CDM. Secondly, two transmit antennas would be available for most Rel-11 and beyond UEs. These advantages are already present to all other PUCCH formats, while Format 1b with channel selection is the only one not supporting TxD. Hence, it is worth defining a TxD scheme for PUCCH Format 1b with channel selection if it can provide promising gain over single antenna port (SAP) transmission and has small specification impact. As the closed loop TxD scheme has the problem of power amplifier configuration, sounding reference signal configuration and new signaling definition mentioned in [3], we focus on open loop TxD scheme in this contribution.   
2.1 Performance 
Regarding the performance of SAP and the potential gain of a TxD scheme, link level evaluations are performed for PUCCH Format 1b with channel selection in both FDD and TDD. In RAN1#66, it was agreed to take inter-cell interference (ICI) into account. Hence, the performance in case of ICI is simulated and the case of 4 ACK/NACK bits is evaluated. For the ICI modeling, it is assumed that a single interfering UE in an adjacent cell is transmitting with the same transmit diversity scheme as the desired UE [4], and the desired UE and interfering UE use different base sequence and cyclic shift for transmission. In the simulation with ICI, it is assumed that the power ratio of interfering and desired UE is 0 dB, -3 dB, -4 dB and -6 dB, respectively. 
The simulation assumptions are listed in Table 4. Three cases Pr(DTX(ACK), Pr(ACK(NACK/DTX) and Pr(NACK(ACK) are simulated for each scheme. The required SNR shall fulfil the following requirements:
· Pr(DTX(ACK)≤10-2 
· Pr(ACK(NACK/DTX) ≤10-2   
· Pr(NACK(ACK)≤10-3
The required SNR [dB] is summarized in Tables 1-2. 
Table 1. Required SNR [dB] for SAP and different TxD schemes without ICI. 
	SAP and TxD scheme
	Number of ACK/NACK bits

	
	2
	3
	4

	FDD
	SAP
	-7.5
	-7.0
	-6.2

	
	E-SORTD2
	             N/A
	            -7.5
	-6.8

	
	PVS
	-7.9
	-7.3
	-6.4

	
	SORTD
	 -8.7
	-7.8
	-7.2

	  TDD with M=1/2
	SAP
	             -7.5
	            -6.7
	            -5.8

	
	E-SORTD2
	N/A
	N/A
	N/A

	
	PVS
	-7.8
	-7.3
	-5.9

	
	SORTD
	-8.7
	-8.0
	-7.0


Table 2. Required SNR [dB] for SAP and different TxD schemes with ICI in case of 4 ACK/NACK bits.
	SAP and TxD scheme
	ICI power ratio

	
	0 dB
	-3 dB
	-4 dB
	-6 dB

	FDD
	SAP
	-
	-
	-
	-2.8

	
	E-SORTD2
	-
	-2.3
	-3.8
	-5.0

	
	PVS
	-
	-
	-1.0
	-4.0

	
	SORTD
	-
	-4.8
	-5.2
	-6.4

	TDD 

with M=1/2
	SAP
	-
	-
	-
	-2.6

	
	E-SORTD2
	N/A
	N/A
	N/A
	N/A

	
	PVS
	-
	-
	-0.2
	-3.3

	
	SORTD
	-
	-4.0
	-4.4
	-6.0


In Table 2, the dashed entries represent the cases where the detection performance exhibits an error floor making it impossible to achieve all 3 error requirements simultaneously. Based on the evaluation results, we can make the following observations: 
No ICI
1. SORTD has the best performance and provides 0.8-1.4 dB gain over SAP.
2. E-SORTD2 can provide 0.5-0.6dB gain over SAP.
3. The gain of PVS over SAP is 0.1-0.6dB, which is less than SORTD and E-SORTD2.
ICI

1. The performance of SAP is very bad because there is an error floor for both FDD and TDD when the ICI power ratio is 0, -3 and -4dB.
2. SORTD has much better performance than SAP and the other two TxD schemes and only has an error floor when the ICI is 0 dB. The reason is that, for SORTD, there are eight channels (or sequences) defined for each of the two serving cells in the simulation but only two channels are selected for each transmission which achieves better interference randomization. 
3. PVS and SAP have an error floor when the ICI power ratio is 0 and -3 dB and the performance is worse than both E-SORTD2 and SORTD.
4. The gain of power reduction (lower ICI) can significantly benefit the performance in case of ICI.
In conclusion, we find that, firstly, SORTD gives large gains over SAP and any of the other 2 TxD schemes. Secondly, these gains are even more significant in case of ICI. In fact, only SORTD is able to maintain reasonable performance whereas that of PVS and E-SORTD2 quickly deteriorates. SAP is shown to have significant performance issues for ICI due to error floors. Hence there is a need to define the TxD scheme for PUCCH Format 1b with channel selection to improve performance, especially in case of ICI. However, it is observed that PVS is also much worse in case of ICI and the gain over SAP is limited without ICI, and therefore PVS is not a good candidate scheme from performance improvement perspective. 
2.2 Specification impact 
As there is the target to design a unified TxD scheme for FDD/TDD, it is needed to consider how to apply E-SORTD2 or SORTD for FDD/TDD. For these two candidate schemes, there are three possible unified TxD schemes which are:
· Alternative 1: SORTD for 2 ACK/NACK bits, E-SORTD2 is applied for all the remaining cases in FDD/ TDD.
· Alternative 2: SORTD is applied for all the cases in FDD/TDD.
· Alternative 3: SORTD for FDD 2 ACK/NACK bits, TDD 2 ACK/NACK bits with M=1 and TDD with M=2/3/4; spatial bundling is performed if the number of ACK/NACK bits is 3 or 4 in case of FDD and TDD with M=1, and then SORTD is applied on the resulting 2 bits.
For Alternative 1, the number of required resources is 4 which is close to that of SAP, and therefore there is the advantage of resource overhead saving. However, the problem is that there are only E-SORTD2 mapping tables for FDD 3/4 ACK/NACK bits now, and it is needed to design mapping tables for the different cases of TDD. Thereto, it would be beneficial to reuse the mapping on the first antenna port (both RS and data) [3], which may not be possible for E-SORTD2. Furthermore, E-SORTD2 assumes that the resources for the reference symbols and data symbols are located in the same resource block, which is difficult to be implemented for M=2/3/4 in TDD. In the TDD cases M=2/3/4, the PUCCH resources are reserved from multiple sub-frames, hence there is no guarantee that the reserved resources end up in the same resource block without significant scheduling restrictions or new resource allocation scheme needs to be defined. The concern for E-SORTD2 is that more standardization effort is needed. 
For Alternative 2, there is promising gain over SAP and it is robust to ICI. In addition, it can be implemented by directly extending the Rel-10 ACK/NACK mapping tables with a second antenna port and there is less standardization effort needed. The drawback is the overhead increase especially for 3 and 4 ACK/NACK bits, which needs 6 and 8 resources, respectively. For TDD with M=2/3/4, 2/3/4 additional resources are needed for 2/3/4 bits, respectively, to perform SORTD. However, in this case, the PUCCH resources are reserved from the PDCCHs of multiple sub-frames and the additional resources can be obtained by directly using an implicit reservation rule, e.g. nCCE+1 of each PDCCH, and therefore the resource overhead is not an issue[2]. For 3/4 ACK/NACK bits in case of FDD and TDD with M=1, the resource overhead may not have big impact on the PUCCH capacity due to the small number of simultaneously configured SORTD UEs [6].
For Alternative 3, it inherits the advantages of Alternative 2 and also solves the overhead problem. Four resources are needed for all the cases in FDD and TDD with M=1. The only drawback would be the performance loss in downlink because spatial bundling is applied for ACK/NACK. Based on the results in [7], the downlink performance loss is marginal. The performance of SAP and SORTD in case of 2 ACK/NACK bits with -3dB and -6dB ICI is summarized in Table 3, which aligns with the observations in Table 2. 
 Table 3. Required SNR [dB] for SAP and SORTD with ICI in case of 2 ACK/NACK bits
	SAP and TxD scheme
	ICI power ratio

	
	-3 dB
	-6 dB

	        FDD
	            SAP
	                    -
	                 -6.4

	
	            SORTD
	                   -6.5
	                 -8.2

	TDD with M=1/2
	            SAP
	                   -
	                 -6.4

	
	            SORTD
	-6.6
	                 -8.3


Considering the performance gain, resource overhead and standardization effort, Alternative 3 and 2 are preferred.
3 Conclusion

In this document, we evaluate the performance of SAP and 3 open loop TxD candidate schemes including E-SORTD2, PVS and SORTD, and compare them from performance and specification impact perspective. It is shown that the SAP exhibits error floors when there is ICI and the only TxD scheme that is able to function well is SORTD.  
Based on the performance advantages and limited specification impact, we propose that SORTD is adopted as the TxD scheme of PUCCH Format 1b with channel selection which is:
· SORTD for the case of FDD 2 ACK/NACK bits, TDD 2 ACK/NACK bits with M=1 and TDD with M=2/3/4; spatial bundling is performed if the number of ACK/NACK bits is 3 or 4 in case of FDD and TDD with M=1, and then SORTD is applied on the resulting 2 bits.
· Or pure SORTD is applied for all the cases in FDD/TDD 
References

[1] R1-113906, “Transmit Diversity for PUCCH format 1b with channel selection in Rel-11”, LG Electronics, RAN1#67, San Francisco, USA, Nov. 14-18, 2011.
[2] R1-113632, “TxD for format 1b with channel selection”, Huawei, HiSilicon, RAN1#67, San Francisco, USA, Nov. 14-18, 2011.
[3] R1-112891, “Transmit diversity scheme for format 1b with channel selection”, Huawei, HiSilicon, RAN1#66bis, Zhuhai, China, Oct. 10-14, 2011.
[4] R1-112078, “Enhanced transmit diversity for PUCCH”, Ericsson, ST-Ericsson, RAN1#66, Athens, Greece, Aug. 22-26, 2011. 

[5] RP-114051, “LTE Carrier Aggregation Enhancement”
[6] R1-112035, “TxD for format 1b with channel selection in Rel-11”, Huawei, HiSilicon, RAN1#66, Athens, Greece, Aug. 22-26, 2011.
[7] R1-113758, “Transmit diversity for PUCCH format 1b with channel selection”, ZTE, RAN1#67, San Francisco, USA, Nov. 14-18, 2011.
Appendix I
      Table 4. Simulation assumptions.

	Parameter
	Value

	Carrier frequency
	2 GHz

	Channel model
	ETU/5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1×2/2×2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Noise estimation
	Ideal

	Number of UEs
	1 (without ICI), 
2 (there is one interfering UE)

	Number of PRBs for PUCCH
	1
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	Receiver Type
	 Joint ML detection using data and DM-RS
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Figure 3                                                                              Figure 4
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Figure 5                                                                             Figure 6
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Figure 9                                                                        Figure 10
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