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1
Introduction
Space Orthogonal Resource Transmit Diversity (SORTD) has been agreed as the transmit diversity scheme for PUCCH format 1/1a/1b. From RAN1 #59bis, the following conclusions have been made on resource allocation for SORTD transmission of ACK/NACK :

· For PDSCH with dynamic scheduling: 
· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8)
· Continue discussion on alternatives including the followings for the second resource 
· Alt1: SORTD is always ON if configured
· Alt2: SORTD when two ore more CCEs, fallback to single antenna port (or transparent TXD) when one CCE
We prefer SORTD for ACK/NACK is alreays ON if configured (Alt1). In this paper, we provide our views on the resource allocation for SORTD when the corresponding DCI for the dynamic PDSCH scheduling is scheduled with only a single CCE.

2
Discussion

2.1
Option 1: SORTD with Closer Cyclic Shifts
In LTE Rel-8, ACK/NACK resources over PUCCH are separated via different cyclic shifts and orthogonal cover codes. The minimum differential cyclic shifts between different ACK/NACK resources under the same orthogonal cover is configured by higher layer and is denoted as: 
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. We consider the case when the corresponding DCI for the dynamic PDSCH scheduling is scheduled with only a single CCE. The single CCE is assumed to be mapped one ACK/NACK resource with a cyclic shift value of . We can let the first transmit antenna transmit the ACK/NACK with the linked ACK/NACK resource and, meanwhile, let the second transmit antenna transmit the same ACK/NACK with the cyclic shift value of   
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 and could be a fractional number less than 1.0 , under the same orthogonal cover as the linked resource from the single CCE in the DCI. In fact, this mode of operation is equivalent to small delay cyclic delay diversity (CDD), while large delay CDD is equivalent to SORTD with two distant cyclic shifts [1]. In Fig. 1, CDD scheme is illustrated.
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Figure 1. CDD for PUCCH
2.2
Option 2: eNB scheduling restrictions (PDCCH)
Through careful eNB PDCCH scheduling, it can be guaranteed that another particular CCE can be used by the UE for SORTD transmission when the DCI for its own dynamic PDSCH scheduling has only one CCE. One approach for this would be that the eNB guarantees the ACK/NACK resource linked to CCE with index: 
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 is not used by some other UE for ACK/NACK feedback, where  
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 is the index of the CCE used by the corresponding DCI. In this way, the UE will be able to perform SORTD over the ACK/NACK resource linked to CCE: 
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 and CCE: 
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. In Fig. 2, we have shown an example where the ACK/NACK resource linked to CCE:
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 is guaranteed non-occupied and can be taken by UE-A for SORTD transmission. Note in Fig. 2, UE-A and UE-B can be the same UE.
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Figure 2. PDCCH scheduling restrictions
3
Simulation Results
In previous sections, we have discussed two possible ways to keep SORTD always ON when the UE is configured in that mode no matter whether the CCE aggregation level of the corresponding DCI is one or more. In this section, we would like to check the performance of the each option. In Table 1, we have listed the simulation parameters. 

Table 1: Simulation Parameters

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUCCH formats
	1a

	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

	Channel estimation
	Practical
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Among the multiplexed 3 UEs, UE-0 is LTE-A UE which will perform diversity transmission. 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 Option 1, i.e., SORTD with closer cyclic shifts

· UE-0: TxAnt 0 uses cyclic shift: 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 Option 2, i.e., SORTD with distant cyclic shifts

· UE-0: TxAnt 0 uses cyclic shift: 0, TxAnt 1 uses cyclic shift: 2.0 ;
· UE-1 uses cyclic shift: 4.0 ;
· UE-2 uses cyclic shift: 6.0 .
Given that UE-0 is performing SORTD with either closer cyclic shifts or distant cyclic shifts, the BER vs SNR curves of each UE are depicted in Figs. 3 through 5. From Fig. 3, we can see that SORTD with cyclic shift separation of 0.5 already offers about 1.0dB gain relative to SIMO transmission at 0.1% error probability under TU channel. When a cyclic shift separation of 1.0 is used, the performance gain is around 1.8dB. However, the usage of closer cyclic shifts, especially a 0.5 cyclic shift separation, will potentially degrade the performance of Rel-8 UEs that are using nearby cyclic shifts, which are characterized in Figs. 4 and 5. Note that we are not performing resource hopping [2] across slot boundaries in the simulations presented here, i.e. we are showing the worst case performance in Figs. 4 and 5. 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 and UE-2 due to the higher interference caused by the second transmit antenna of UE-0 to some extent.
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Figure 3. BER of UE-0 (LTE-A) with different diversity transmission schemes: 
Left is with TU channel, Right is with Ped-A channel
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Figure 4. BER of UE-1 (Rel-8) when UE-0 uses different diversity transmission schemes: 
Left is with TU channel, Right is with Ped-A channel
[image: image17.emf]-18 -16 -14 -12 -10 -8 -6

10

-4

10

-3

10

-2

10

-1

10

0

Average Tone SNR per Rx Antenna (dB)

FER

TU, PUCCH format 1a, Error Prob of UE-2, CS for TxAnt-0: 4.0
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Figure 5. BER of UE-2 (Rel-8) when UE-0 uses different diversity transmission schemes: 
Left is with TU channel, Right is with Ped-A channel
4
Conclusions 

In this contribution, we have provided our views regarding the transmission scheme and the related resource allocation for ACK/NACK when the corresponding DCI contains only a single CCE and the UE is configured in SORTD mode:


· We prefer SORTD to be always used if TxD is configured 

· The first resource for the first antenna port is linked to the CCE carrying the DCI
· Cyclic Shift: 
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, Orthogonal Cover: 
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· Two options to get the second resource for the second antenna port

· Option 1: the second antenna port utilizes cyclic shift:  
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, and orthogonal cover: 
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· Option 2: through judicious eNB PDCCH scheduling, the second antenna port can utilize ACK/NACK resource linked to CCE with index: 
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 where 
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 is configurable via higher layers 
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