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1. Introduction

In [1]-[4], there were some discussions on PUCCH TxD schemes. For LTE-A UE with multiple antennas, it is possible to save transmit power by using transmit diversity scheme on PUCCH to meet the requirement of control channels. In consequence, the interference from the UE to other UEs or cells can be mitigated with TxD scheme.
In this contribution, we discuss several TxD schemes for both PUCCH format 1/1a/1b (SR, A/N) and format 2 (CQI). Also, the comparison of the TxD schemes as well as the benefit with transmit diversity will be shown with link level simulation results. We only discuss 2 Tx transmit diversity schemes in this contribution while 4 Tx transmit diversity schemes are FFS. This document is updated from R1-090216 [8].
2. Discussion on PUCCH TxD schemes
In PUCCH of Rel-8, PUCCH is comprised based on resources which can be multiplexed by several UEs in a CDM/FDM manner. For example, in PUCCH format 1/1a/1b, the resource is defined by three sub-resources; circular shift (n_cs), orthogonal covering (n_oc), and physical resource block (n_PRB). In other words, the resource to be assigned to each UE (n_r) can be represented by “(n_r)=(n_cs, n_oc, n_PRB)”. In case of format 2, the resource is defined by two sub-resources as “(n_r)=(n_cs, n_PRB)”.
The number of UEs which can be multiplexed in a same PRB is limited by data parts rather than by RS parts. For example, assuming 
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 in format 1, the UE multiplexing capacities for data and for RS are, respectively, 24 and 18. Therefore, overall capacity becomes 18 following RS one. Also, in format 2, assuming 
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, the number of UEs which can be multiplexed in a PRB is to be 6 since 6 for data and 6 for RS. Note that the RS can be multiplexed by 6, not by 12 due to CQI+A/N (format 2a/2b) which is a phase modulation on second RS.

We categorized the TxD schemes into two families; one resource based TxD which is transparent to NodeB by single transmit antenna and two resource based TxD which requires two resources to estimate channel estimation for each antenna.
· One resource based TxD
· Small delay CDD
· Low CM as single carrier.
· It is well known that the delay value at least with a periodic phase rotational sequence is required to get sufficient diversity gain for CDD. ( Two resources are practically required to obtain enough diversity gain.
· Slot level PVS (or TSTD)

· Low CM as single carrier.

· The diversity gain may be limited due to already defined slot-level band-edge hopping.
· Two resource based TxD
· SC (Single Carrier) SFBC [5]

· Low CM as single carrier.
· The diversity gain is large, but the orthogonality among UEs is destroyed. For example, the signal from ant#1 of UE#0 and the signal from antenna#0 of UE#1 are not orthogonal. Therefore, it cannot satisfy the backward compatibility with Rel-8 UEs.
· The assigned resources for each antenna should be restricted to have same PRBs.

· STBC-II [6]

· Low CM as single carrier.

· For PUCCH format 1,

· The diversity gain is large, but the orthogonality among UEs is destroyed. In consequence, it cannot satisfy the backward compatibility with Rel-8 UEs.
· Unpaired symbol problem [6] in case of puncturing format for SRS transmission in 2nd slot.
· For PUCCH format 2,
· The diversity gain is large and the orthogonality among UEs can be maintained. Therefore, it can satisfy the backward compatibility with Rel-8.
· Unpaired symbol problem at every last OFDM symbol in a slot

· The assigned resources for each antenna should be restricted to have same PRBs.

· FSTD

· High CM transmission in case of using 12-length CG (Computer Generated) sequence

· Low CM transmission in case of using 6-length CG or ZC sequence ( It requires the additional sequence design for length 6.

· Not proper for PUCCH TxD

· ORT (Orthogonal Resource Transmission)  <Figure 1>
· Low CM as single carrier

· Both for PUCCH format 1 and format 2,
· The diversity gain is large, and the orthogonality among UEs can be maintained. Therefore, it can satisfy the backward compatibility with Rel-8.
We introduced the orthogonal resource transmission here which is illustrated in Figure 1. The modulated symbol is duplicated into each antenna port in order to perform CDM/FDM spreading operation. The signals are transmitted in a space-resource orthogonal manner. If we give a restriction that two resources are on the same PRB, this scheme is equivalent to SCTD in [9].By experiencing different channel on different resources, the information can obtain the full spatial diversity gain.
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Figure 1 Orthogonal resource transmission
The above discussed TxD schemes are summarized in Table 1.
Table 1 Comparison of 2 Tx diversity schemes for PUCCH format 1 and 2
	Category
	TxD scheme
	Pros
	Cons

	1 resource based
	Small delay CDD
	- Low CM
	- Limited diversity gain

	
	Slot level PVS (or TSTD)
	- Low CM
	- Limited diversity gain due to slot-level PRB hopping already defined

	2 resource based
	SC-SFBC
	- Low CM

- Large diversity gain
	- Destruction of orthogonality between resources

- Negative impact on backward compatibility

- Resource restriction to same PRBs for antenna pairing

	
	STBC-II
	- Low CM

- Large diversity gain
	- Destruction of orthogonality between resources

- Negative impact on backward compatibility

- Unpaired symbol problem

- Resource restriction to same PRBs for antenna pairing

	
	FSTD
	- N/A
	- High CM

- Additional sequence design for length 6 for low CM transmission

	
	ORT
	- Low CM

- Large diversity gain

- Maintain backward compatibility
	- Diversity gain may be affected by the orthogonality of 2D-spreading codes in case of same PRBs for antennas.


3. Simulation Results
We evaluate the need of TxD diversity scheme for LTE-A. Table 2 lists the parameters and assumptions for the link level simulation. Basic configurations follow the one described in [7].
Table 2 Simulation assumptions for PUCCH ACK/NACK (format 1)
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	5MHz

	Sampling frequency
	15.36MHz

	CP configuration
	Normal CP

	UE speed
	3km/h

	Channel model
	ETU9

	Number of cells
	1

	Number of Tx antennas
	1, 2 (uncorrelated, |ρ|=0.5) 

	Number of Rx antennas
	2 (uncorrelated, |ρ|=0.9) 

	ACK/NACK bits
	2bit (QPSK) – format 1b

	CQI information bits (A) 
	11bits (QPSK) – format 2

	Channel estimation
	Practical

	CS hopping/OC remapping/slot-level hopping
	ON

	ACK/NACK scrambling
	ON

	Number of PRBs for PUCCH
	1
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	Number of UEs within a cell
	9 for A/N, 3 for CQI
(all UEs transmit the signal with same power) 

	Unpaired symbol handling for format 2 (only for STBC)
	Simple repetition

	SFBC, STBC in format 1b
	Applied after CDM/FDM spreading

	STBC in format 2
	Applied before CDM/FDM spreading

	Detection
	1 Tap ML


Figure 2 depicts the averaged 2bit ACK/NACK BER performances with 9 UE multiplexing. One PRB is selected for simulation. Both uncorrelated and high-correlated scenarios are considered. From the simulation results, we observe that
· ORT shows the best performance and the diversity gain to conventional (1Tx) transmission is clear.
· PVS and CDD have almost no-spatial diversity gain.

· SC-SFBC and STBC break the resource orthogonality for UE multiplexing.
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(a) Tx corr=0.0, Rx_corr=0.0                                    (b) Tx corr=0.5, Rx_corr=0.9
Figure 2 Averaged ACK/NACK BER for PUCCH format 1b
Figure 3 depicts the averaged CQI BLER performances with 3 UE multiplexing. One PRB is selected for simulation. Also, both uncorrelated and high-correlated scenarios are considered. From the simulation results, we observe that

· ORT shows the best performance and the diversity gain to conventional transmission is clear.
· STBC can also get a diversity gain, but diversity gain is relatively small compared to ORT.

· The performance degradation of STBC compared to ORT basically comes from simple repetition on unpaired symbols.
· The diversity gain from SC-SFBC is cancelled by the orthogonality destruction of the resources.
· PVS and CDD cannot bring about almost any diversity gain in uncorrelated environments. Rather, the performances for them are worse than conventional (1Tx) transmission.
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(a) Tx corr=0.0, Rx_corr=0.0                                    (b) Tx corr=0.5, Rx_corr=0.9
Figure 3 Averaged CQI BLER for PUCCH format 2 – (A=11bits information)
4. Conclusions

In this contribution, we discussed and evaluated the several TxD schemes for PUCCH of format 1/1a/1b and format 2. Also, we introduced a Tx diversity scheme of orthogonal resource transmission which can bring about full spatial diversity. From the simulation results, its superiority has been confirmed compared with other TxD schemes. From the above discussion and simulation results, we suggest to consider the orthogonal resource transmission (ORT) as a TxD candidate for PUCCH.
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