Page 1

3GPP TSG-RAN WG1 #62         


   











        R1-104784
August 23rd – 27th, 2010
Madrid, Spain
Agenda item:
6.2.2.1
Source: 
Qualcomm Incorporated
Title: 
Details of DFT-S-OFDM
Document for:
Discussion and Decision
1
Introduction
In RAN1#61bis, the following agreement was made regarding the schemes for multiplexing multiple ACK/NACK bits:
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH format 1b with channel selection
· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
In this contribution, we discuss some details related to the new PUCCH format: DFT-S-OFDM.
2
Discussion
2.1 
Spreading Length and Sequences
In Fig. 1, we have shown the slot format for DFT-S-OFDM which has been simulated in RAN1#61bis.
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Figure 1. Slot format of DFT-S-OFDM
From Fig. 1, we can see there are 5 SC-FDM data symbols within one slot, which can support length-5 spreading. However, in the slot with SRS transmission in the last SC-FDM symbol, to avoid violating single-carrier waveform, there are only 4 SC-FDM data symbols available for time-domain spreading. To avoid changing multiplexing capability from subframe to subframe, we have the following proposals:

· DFT-S-OFDM supports multiplexing up to 4 UEs’ A/N feedback
· DFT-S-OFDM employs the length-5 or length-4 spreading sequences  from  Table 1 in each slot depending on whether SRS is present in the slot or not
Table 1. Spreading Sequences

	Sequence Index
	length-5 Spreading Sequence
	length-4 spreading sequence
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2.2 
Resource Allocation
Considering DFT-S-OFDM is not compatible with Rel-8 PUCCH format 1/1a/1b and PUCCH format 2/2a/2b, our opinion on the physical RBs used for DFT-S-OFDM is that 
· the physical RBs used for DFT-S-OFDM are configured by higher layers

Similar to resource configuration for PUCCH in Rel-8, we can reuse the parameter: 
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 to signal the total amount of RBs taken by PUCCH format 2/2a/2b and DFT-S-OFDM. Note that in order to support mixed resource block where PUCCH format 1/1a/1b and PUCCH format 2/2a/2b are co-existing, the last PRB in the set of 
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RBs for PUCCH format 2/2a/2b and DFT-S-OFDM should not be used for DFT-S-OFDM (see Fig. 2).
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Figure 2. Physical resource blocks for DFT-S-OFDM
Within each PRB for DFT-S-OFDM, in order to locate one particular orthogonal resource out of the total 4 resources, our view is as follows:
· higher layer signals the resource index  
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 to the UE so that the UE can identify the corresponding PRB and the index of a spreading sequence in Table 1
2.3 
Reed-Muller Coding or Tail-Biting Convolutional Coding
In LTE Rel-8, when CQI is sent on PUCCH, a (20, A) Reed-Muller code is used. On the other hand, when CQI is sent with PUSCH and the payload size is greater than 11 bits, rate 1/3 tail biting convolutional code is utilized for CQI coding. Furthermore, when encoding more than 2 A/N bits for multiplexing with PUSCH, a (32, O) Reed-Muller code is applied. Given these already available codecs in Rel-8, in this section, we would like to compare the performance of different codecs for DFT-S-OFDM. Link level simulation parameters are listed in Table 2. Fig. 3~5 compared the performance of Reed-Muller code with TBCC when 6~10 A/N bits are multiplexed together. 
Table 2. Link Simulation Parameters
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	Channel model
	TU, 3kmph

	Frequency hopping
	at slot boundary

	Antenna setup
	1Tx, 2Rx

	Rx antenna correlation
	uncorrelated

	Channel estimation
	practical

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Receiver
	Maximum Likelihood [1]

	Encoder
	     RM-(32, O): 32 coded bits are repeated to form totally 48 bits

     TBCC: 3x coded bits are repeated to form totally 48 bits
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Figure 3. BER for 6 A/N bits multiplexing
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Figure 4. BER for 8 A/N bits multiplexing

[image: image17.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-3

10

-2

10

-1

10

0

Average Tone SNR per Rx Antenna (dB)

BER

10 A/N bits, TU, 3kmph

 

 

RM, ACK->NACK, DTX

RM, NACK->ACK

TBCC, ACK->NACK, DTX

TBCC, NACK->ACK


Figure 5. BER for 10 A/N bits multiplexing

From the link performance shown in above figures, our view on encoding scheme for A/N multiplexing with DFT-S-OFDM is as follows:

· Reed-Muller code is used for encoding when DFT-S-OFDM is used for multiplexing  more than 4 A/N bits 
3
Conclusions 

In this contribution, we have discussed details on the new PUCCH format, i.e. DFT-S-OFDM for A/N multiplexing. Our views are summarized as follows:

· DFT-S-OFDM supports multiplexing of A/N feedback for up to 4 UEs
· DFT-S-OFDM employs length-5 or length-4 spreading sequences  from  Table 1 in each slot depending on whether SRS is present in the slot or not

· Higher layers signals the resource index  
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 to the UE so that the UE can identify the corresponding PRB and the index of a spreading sequence in Table 1

· Reed-Muller code is used for encoding when DFT-S-OFDM is used for multiplexing more than 4 A/N bits 
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