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1. Introduction

In RAN1 #62 bis meeting, the extensive discussions happened in [1]-[11] and the followings were agreed for transmit diversity of PUCCH format 3 and PUCCH format 1b with channel selection in Rel-10;
· If TxD is adopted for PUCCH format 3 in Rel-10, the scheme would be SORTD.
· If TxD is adopted for PUCCH format 1b with channel selection in Rel-10, the scheme would be SORTD (i.e. double resources compared to single tx).

· Note that it is not precluded to restrict the maximum number of resources to 4 if TxD is adopted (i.e, no TxD in cases when SORTD would require more than 4 resources).
This contribution continues the discussion on the need of transmit diversity for PUCCH format 3 and for channel selection. 
2. Discussions
To apply transmit diversity on PUCCH format 3 is essential to extend UL coverage. In general, the transmit diversity gain can be further obtained in higher coding rate. Now that up to 20 A/N bits (21 bits including SR bit) are supported for LTE-A TDD, the necessity of introducing transmit diversity for PUCCH format 3 becomes more apparent.
The concern on reducing multiplexing capacity of SORTD using double amount of resources can be addressed by network controlling ARI or configuring single antenna port mode. In case a UE is configured by single antenna port mode, it can use antenna virtualization which is spec-transparent.
Also, referring the agreements in RAN1 58bis on PUCCH design, the following was agreed;
· Exact method for A/N resource allocation is FFS.

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneous scheduled on multiple DL CC.

Based on this agreement, the multiplexing capacity should not be a concern as long as a TxD can bring about significant gain of A/N performance.
For PUCCH format 1b with channel selection, the details of resource allocation are not decided yet. If the ARI for efficient resource utilization is also used for channel selection like PUCCH format 3, the TxD for channel selection would be also helpful to enhance UL coverage. Therefore, we slightly prefer to introduce TxD (SORTD) for channel selection as well as long as ARI is also introduced in channel selection.

3. Simulation Results
The detailed simulation assumptions for PUCCH format 3 are shown in Annex A. Also, detailed results for link level simulation were also shown in Annex B. The simulation was performed for single antenna transmission, PVS, and SORTD. For PVS which is spec-transparent, the precoding vectors of [+1 +1] and [+1 -1] are applied on the first slot and second slot, respectively. The simulation results for required SNR are shown in Figure 1 and the required SNRs for 2~20 A/N bits under ETU 3km/h are listed in Table 1 and Table 2 in order to meet the requirements of Pr(D->A)<1%, Pr(Miss-ACK)<1%, and Pr(N->A)<0.1%. 
From the simulation results, we observe that SORTD provides the significant performance gain of SNR by 1.10 to 3.72 dB over single antenna transmission in a given A/N bit range from 2 to 20 A/N bits. Also, PVS gives some SNR gain over single antenna transmission by 0.42 to 1.15 dB. However, it is noted that the gain of PVS is limited due to the fact that the diversity gain of PVS becomes same as frequency hopping gain with single antenna transmission unless the band edges in large bandwidth such as large BW are sufficiently uncorrelated. It is further observed that, in general, the SNR gain with SORTD over 1Tx can be more obtained in large A/N payload size. If SORTD is configured to a UE, it can get a lot of performance gains. On the other hands, if a UE is configured by single antenna port mode, a UE can apply a spec-transparent TxD of PVS to get complementary diversity gain.
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Figure 1 Required SNR for ETU 3km/h (PUCCH format 3)
Table 1 Required SNR [dB] for ETU 3km/h (PUCCH format 3) (2~10 A/N bits)
	
	
	2 A/N bits
	4 A/N bits
	6 A/N bits
	8 A/N bits
	10 A/N bits

	1Tx
	Required SNR[dB]
	-5.75 
	-5.19 
	-4.61 
	-3.19 
	-1.75 

	SORTD
	Required SNR[dB]
	-6.85 
	-6.38 
	-6.00 
	-5.07 
	-4.18 

	
	SNR gain over 1Tx [dB]
	1.10 
	1.19 
	1.39 
	1.88 
	2.43 

	PVS
	Required SNR[dB]
	-6.46 
	-5.72 
	-5.27 
	-4.17 
	-2.90 

	
	SNR gain over 1Tx [dB]
	0.71 
	0.53 
	0.66 
	0.97 
	1.15 


Table 2 Required SNR [dB] for ETU 3km/h (PUCCH format 3) (12~20 A/N bits)
	
	
	12 A/N bits
	14 A/N bits
	16 A/N bits
	18 A/N bits
	20 A/N bits

	1Tx
	Required SNR[dB]
	-0.94 
	-0.04 
	0.93 
	1.87 
	2.79 

	SORTD
	Required SNR[dB]
	-3.27 
	-2.27 
	-2.04 
	-1.41 
	-0.93 

	
	SNR gain over 1Tx [dB]
	2.32 
	2.22 
	2.98 
	3.28 
	3.72 

	PVS
	Required SNR[dB]
	-1.85 
	-0.78 
	0.04 
	1.45 
	1.76 

	
	SNR gain over 1Tx [dB]
	0.91 
	0.74 
	0.90 
	0.42 
	1.03 


4. Conclusions
In this contribution, we discussed the need of transmit diversity for PUCCH format 3 and channel selection. Also, further simulation results on transmit diversity for PUCCH format 3 were provided. The simulation results showed that SORTD provides significant gains in terms of A/N performances in a given scenario. In addition, it was discussed that the overhead due to double amount resources can be controlled for eNB to control transmission mode between single antenna port mode and SORTD mode. From the discussion and simulation results, we propose that;
· For PUCCH format 3,
· SORTD is introduced as a transmit diversity for PUCCH format 3.

· If a UE is configured by TxD mode, SORTD with two orthogonal resources is used.

· If a UE is configured by single antenna port mode, PVS can be used as a complementary TxD scheme (No need to be specified).

· For channel selection,

· If ARI (A/N Resource Indicator) is introduced to control orthogonal resources, SORTD can be used for channel selection.
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Annex A. Simulation Conditions
We applied the following definition for Rx false alarm detection threshold as;
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The remaining simulation assumptions are listed in Table 3.
Table 3 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx (SORTD), 2Tx-2Rx (PVS)

	Tx/Rx antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	A/N bits
	2,4,6,8,10,12,14,16,18,20 bits

	Channel coding
	(32,O) PUSCH RM coding with circular buffer rate matching for <=11bits,

Dual RM coding with (32,O) PUSCH RM.


Annex B. Link Level Simulation Results
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