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1. Introduction

In RAN1#62, the followings were agreed for PUCCH format 3:

· Drop data symbol for shortened format (SF reduced from 5 to 4)
· At least for non-TxD case, spreading sequences are DFT length 5 and Hadamard length 4 respectively

· For TxD case, working assumption until RAN1#62bis that the spreading sequences are DFT length 5 and Hadamard length 4 respectively
The length of orthogonal cover (OC) sequence on data directly affects the multiplexing capacity of PUCCH format 3. Since the PUCCH format 3 multiplexing capacity varies between normal and shortened format, the physical PUCCH format 3 resource (including the PRB and orthogonal cover sequence) corresponding to the same PUCCH format 3 resource index can be different in non-SRS and SRS subframe. In this contribution, we mainly discuss the determination of PUCCH format 3 resource. In additional, we propose that Rel-10 TDD CA-capable UEs can use PUCCH format 3 for ACK/NAK even without DL carrier aggregation configured.
2. PUCCH format 3 resource
To achieve higher utilization of PUCCH resources in LTE-A carrier aggregation, a two-step resource allocation has been agreed for PUCCH format 3. Multiple PUCCH format 3 resources are preconfigured by higher layers, and ARI in PDCCH indicates one of the configured resources for ACK/NAK transmission in an UL subframe. 
PUCCH format 3 resource includes two parameters, i.e. PRB index and OC sequence index. In order to avoid resource fragmentation in UL, the PUCCH format 3 PRBs shall be next to the PUCCH format 1/1a/1b. It is obvious that PUCCH format 3 and 1/1a/1b do not share the same RB, as shown in Figure 1. 
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Figure 1: PUCCH resources for LTE-A
Similar to the resource determination of PUCCH format 1/1a/1b in Rel-8, the physical resource for PUCCH format 3 can be derived by a corresponding resource index, with the following two factors considered:
· PUCCH format 3 starting PRB index: Basing on the system load, eNB semi-statically reserves the resources of PUCCH format 1/1a/1b, 2/2a/2b and 3. Similar to PUCCH format 1/1a/1b, the starting RPB index for PUCCH format 3 shall be configured by higher layers.
· PUCCH format 3 multiplexing capacity: For PUCCH format 3, the multiplexing capacity is limited by the OC sequence on data SC-FDMA symbols. Since the SF on data in the second slot is reduced from 5 to 4 for the shortened format, the multiplexing capacity varies between non-SRS and SRS subframes. 
According to the above discussion, UE shall use two parameters 
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 to determine the PUCCH format 3 resource, where 
[image: image4.wmf](3)

RB

N

 is the starting PRB index of PUCCH format 3 and 
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 is the indicated PUCCH format 3 resource index. Basing on these two parameters, UE can calculate a unique pair of  PRB and OC sequence index in each UL subframe to transmit PUCCH format 3. Two alternatives for determining the PRB and OC sequence are discussed in this section:
Alt. 1: Always assume a multiplexing capacity of 4 for PUCCH format 3.

In non-SRS subframes, although the SF on data is 5, only 4 OC sequences are used in this case. UE shall use the same PRB and OC sequence to transmit PUCCH format 3 in non-SRS and SRS subframes. The PUCCH format 3 PRB index is given by
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The OC sequence index is 
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The benefit of this approach is that the UE is likely to use the same PRB for PUCCH format 3 transmission, irrespective of the subframe type (i.e. SRS or non-SRS subframe), which facilitates ICIC on PUCCH format 3 PRBs. The disadvantage is the loss of multiplexing capacity in non-SRS subframes.
Alt. 2: Determine PUCCH format 3 resources depending on the multiplexing capacity of PUCCH format 3.
The multiplexing capacity of PUCCH format 3 is different in non-SRS and SRS subframes, i.e. 5 for non-SRS subframes and 4 for SRS subframes. With this approach, the PUCCH format 3 resources are separately derived for normal (non-SRS subframe) and shortened (SRS subframe) format. With 
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, UE calculates different pairs of PRB and OC sequence index for non-SRS and SRS subframes. The PUCCH format 3 PRB index is given by
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The OC sequence index is 
[image: image14.wmf](3)

mod

ocPUCCH

nnc

=

. 
The parameter PUSCH-HoppingOffset, 
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 in TS 36.211 [5.3.4], representing the bandwidth of PUCCH, shall be configured according to the PUCCH overhead in SRS subframes. In non-SRS subframes, if the last a few PRBs configured for PUCCH format 3 are vacant, they are available for PUSCH transmission.
The spectral efficiency of Alt.2 is higher than Alt.1, since the eNB can schedule PUSCH transmission on the vacant PUCCH format 3 PRBs. On the other hand, a UE may transmit PUCCH format 3 in different PRBs, depending on whether the UL subframe is an SRS subframe. 
3. Application of PUCCH format 3 for TDD
In Rel-8 TDD, multiple ACK/NAKs can be transmitted by PUCCH format 1b with channel selection. On the other hand, spatial ACK/NAK bundling across multiple codewords within a DL subframe is mandatory in order to reduce the ACK/NAK payload size, which consequently causes unnecessary retransmissions. 
In order to improve the efficiency of TDD ACK/NAK transmission, we propose that for a Rel-10 UE supporting PUCCH format 3, it can use PUCCH format 3 to transmit ACK/NAK even without DL carrier aggregation configured. Therefore, spatial ACK/NAK bundling in some TDD UL-DL configurations can be avoided, and multi-ACK/NAK transmission can be supported even for TDD UL-DL configuration 5.
4. Conclusions

In this contribution, we discuss the remaining details on PUCCH format 3, with the following proposals:
Proposal 1: For PUCCH format 3, a UE determines the PRB and OC sequence index with two parameters 
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 is the starting PRB index of PUCCH format 3 configured by higher layers and 
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 is the indicated PUCCH format 3 resource index. Either Alt. 1 or Alt. 2 shall be specified.
Proposal 2: For a Rel-10 TDD UE supporting PUCCH format 3, it can use PUCCH format 3 for ACK/NAK feedback transmission even without DL carrier aggregation configured.
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