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1
Introduction
In [1], we have compared the performance of different transmit diversity schemes for PUCCH format 2/2a/2b. In this paper, we provide our further views and preference on this topic. 

2
Transmit Diversity Schemes for Rel-8 Payload
From RAN1 #59bis, it has been agreed that we should focus on Rel-8 CQI size for PUCCH format 2/2a/2b Tx Diversity discussion before decision on larger CQI size. Building on our results in [1], we can identify the following several promising schemes that can achieve transmit diversity for PUCCH format 2/2a/2b with Rel-8 payload, i.e. payload is less than or equal to 11 bits: 

· Long-Term Precoding

· Relying on the long term channel spatial covariance information and is expected to exhibit good performance when the transmit antennas are strongly correlated

· Is effectively the single antenna port mode, so there is no additional eNB implementation incurred

· SORTD with Simple Repetition
· Option 1: the cyclic shifts used by the two transmit antennas are distant from each other
· Essentially treat each transmit antenna as a Rel-8 UE since Rel-8 UE has only one transmit antenna.
· Drawback: the number of UEs that can be multiplexed in one PUCCH RB will be proportionally reduced

· Option 2: the cyclic shifts used by the two transmit antennas are assigned close to each other

· Example: Antenna 0 uses cyclic shift: 
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, Antenna 1 uses cyclic shift: with 
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being configured less than the minimum cyclic shift separation configured in Option 1
· Drawback: to maintain the same multiplexing capability, the interference from Antenna 1 will potentially degrade the performance of a Rel-8 UE which uses a cyclic shift nearby

· Since SORTD with simple repetition has been agreed as the transmit diversity scheme for PUCCH format 1/1a/1b transmission, Option 1 adds minimal additional complexity to eNB

· Option 2 essentially falls back to cyclic delay diversity (CDD) and is a particular form of antenna virtualization, and thus a particular realization of single antenna port mode, which incurs no additional eNB implementation complexity 

· STBC 

· Disabling slot-boundary frequency hopping is preferred to improve the channel estimation

· Additional implementation complexity incurred by STBC is regarded reasonable considering that the Alamouti codeword requires only linear processing at the receiver side

3
Transmit Diversity Schemes for Larger Payload
LTE Rel-8 PUCCH CQI transmission is limited to payload sizes <= 11 bits. There are several LTE-A techniques that may benefit from a larger CQI payload, e.g., in support of higher order MIMO. Therefore, for these cases, it would be beneficial and can be justified to assign two or more distant CQI resources to a single UE to support joint coding and spatial multiplexing for PUCCH CQI transmission. 
4
Simulation Results 

In this section, we will show some performance comparisons among the different diversity schemes for Rel-8 payload discussed in Section 2. The link level simulation parameters are listed as below (Table 1):
Table 1: Simulation Parameters

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUCCH formats
	2

	Number of UEs multiplexed
	3

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	Typical Urban (6 paths), Pedestrian A

	Fading speed
	3km/h

	Antenna configuration
	1x2 for SIMO, 2x2 for Tx Div

	Antenna correlation
	0.0

	Frequency hopping at slot boundary
	Enabled/Disabled

	Channel estimation
	Practical

	Noise estimation
	Perfect

	Number of CQI bits
	10

	Encoder
	 (20, A) Reed-Muller code


Among the multiplexed 3 UEs, UE-0 is LTE-A UE which will perform diversity transmission with the schemes aforementioned. UE-1 and UE-2 are Rel-8 UEs. The purposed of this setup is to show the performance of LTE-A UE and the impact to Rel-8 UEs simultaneously. 

The utilized cyclic shifts are summarized as follows:

· When UE-0 applies SORTD with Option 1, i.e., SORTD with distant cyclic shifts

· UE-0: TxAnt 0 uses cyclic shift: 0.0, TxAnt 1 uses cyclic shift: 2.0 ;

· UE-1: uses cyclic shift: 4.0 ;

· UE-2: uses cyclic shift: 6.0 .

· When UE-0 applies SORTD with Option 2, i.e., SORTD with closer cyclic shifts

· UE-0: TxAnt 0 uses cyclic shift: 0.0, TxAnt 1 uses cyclic shift: 0.5 or 1.0 ;

· UE-1: uses cyclic shift: 2.0 ;

· UE-2: uses cyclic shift: 4.0 ;

· When UE-0 applies STBC

· UE-0: TxAnt 0 uses cyclic shift:0.0, TxAnt 1 uses cyclic shift: 0.0 ;
· UE-1: uses cyclic shift: 2.0 ;

· UE-2: uses cyclic shift: 4.0 .

When slot-boundary frequency hopping is enabled, given that UE-0 is performing STBC or SORTD with either closer cyclic shifts or distant cyclic shifts, the BLER vs SNR curves of each UE are depicted in Figs. 1-3.
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Figure 1. BLER of UE-0 (LTE-A) with different diversity transmission schemes: with frequency hopping at slot boundary, Left is with TU channel, Right is with PedA channel
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Figure 2. BLER of UE-1 (Rel-8) when UE-0 uses different diversity transmission schemes: with frequency hopping at slot boundary, Left is with TU channel, Right is with PedA channel
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Figure 3. BLER of UE-2 (Rel-8) when UE-0 uses different diversity transmission schemes: with frequency hopping at slot boundary, Left is with TU channel, Right is with PedA channel
From Fig. 1, we can see that SORTD with closer cyclic shift separation of 1.0 or distant cyclic shift separation of 2.0 can offer about 1.5dB gain relative to SIMO transmission at the 1% block error probability under TU channel. The gain increases to about 2.0dB under Ped-A channel. Meanwhile, we see STBC provides about 0.8dB gain from SIMO at 1% BLER under TU channel and about 1.5dB gain under Ped-A channel. 
However, the usage of closer cyclic shifts, especially a fractional cyclic shift value like 0.5, will potentially degrade the performance of Rel-8 UEs that are using nearby cyclic shifts as characterized in Figs.2-3. Note that we are not performing resource hopping [2] across slot boundaries in the simulations here, i.e. we are showing the worst case performance in Figs. 2-3. Through slot-boundary resource hopping, nearby cyclic shifts in slot 0 will become distance cyclic shifts in slot 1, which will help to compensate the performance loss of UE-1 (about 1.0dB) due to the higher interference caused by the second transmit antenna of UE-0 to some extent.
When slot-boundary frequency hopping is disabled, the BLER vs SNR curve of UE-0 when it is performing STBC or SORTD with either closer cyclic shifts or distant cyclic shifts is shown in Fig. 4, where we can see, relative to SIMO with frequency hopping, STBC without frequency hopping exhibits about 1.2-1.6 dB gain under different channel scenarios, and SORTD with either 1.0 or 2.0 cyclic shift separation offers greater than 1.5-2.5dB gain when slot-boundary frequency hopping is disabled.  
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Figure 4. BLER of UE-0 (LTE-A) with different diversity transmission schemes: no frequency hopping at slot boundary, Left is with TU channel, Right is with PedA channel
5
Conclusions 

In this contribution, we have provided our further views on the transmit diversity schemes for PUCCH format 2/2a/2b in LTE-A. Our views can be summarized as follows:

· For CQI payload less than or equal to 11 bits:
· Since Rel-8 already supports this payload, we should limit the transmit diversity scheme to those schemes requiring a single orthogonal resource
· Two promising candidates identified:

· STBC  with slot-boundary frequency hopping disabled

· SORTD (Simple Repetition) with closer cyclic shifts assigned to the two transmit antennas

· Antenna 0 uses cyclic shift: 
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being configured less than the minimum separation of the cyclic shifts configured to different Rel-8 UEs
· Disabling frequency hopping for SORTD based solution could also be considered
· For CQI payload greater than 11 bits:
· SORTD with joint coding is the favorable candidate to achieve both diversity and coding gains while keeping single-carrier waveform at each transmit antenna
· For strongly correlated transmit antenna cases (correlation > 0.3), precoding along the eigen-direction of the long-term channel spatial covariance offers the best performance

· We propose to consider a semi-static signaling switch between the long-term precoding and the diversity schemes described in the first two bullets.
· For UEs supporting more than 2 physical antennas:
· Use of antennal virtualization to get 2 virtualized transmit antennas

· 2-Tx transmit diversity scheme as described above is applied to the virtual transmit antennas
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