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1. Introduction

PUCCH format 1b with channel selection and DFT-S-OFDM based format are supported as ACK/NACK transmission schemes for carrier aggregation. Release-8 supports simultaneous transmission of scheduling request indicator (SRI) and ACK/NACK information since to drop either one could result in the failure of downlink or the delay of uplink. We think to allow simultaneous transmission of SRI and ACK/NACK is also important for carrier aggregation cases. However, RAN1 has not discussed how to accommodate simultaneous transmission of scheduling request indicator and ACK/NACK information so far.
In this contribution, we discuss several issues related to the simultaneous transmission of scheduling request indicator (SRI) and ACK/NACK information. This is a resubmission of R1-105481.
2. Discussion

2.1. Simultaneous transmission of SRI and ACK/NACK information 

LTE release-8 supports simultaneous transmission of SRI and ACK/NACK information by using SR resource instead of ACK/NACK resource for carrying ACK/NACK information, as shown in figure 1. This was possible because SR resource and ACK/NACK resource have the same physical formats. In release-9, the configuration to allow SRI transmission in every subframe is supported in order to reduce the uplink latency especially for bursty type traffic. 
Regarding SRI transmission for LTE-Advanced, RAN1 agreed on following wayforward.
· One scheduling request per UE transmitted on PUCCH
· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE
On the other hand, there are at least two new ACK/NACK transmission schemes for LTE-Advanced which carries multiple ACK/NACK information bits (i.e., PUCCH format 1b with channel selection and DFT-S-OFDM based format).
This implies that some modifications from release-8 mechanisms is necessary in order to support the simultaneous transmission of SRI and ACK/NACK information for LTE-Advanced, since one SR resource can carry only up to 2 bit ACK/NACK information.
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Figure 1 Simultaneous transmission of SRI and ACK/NACK information in release 8
2.2. Alternatives for supporting simultaneous transmission of SRI and ACK/NACK information in case of PUCCH format 1b with channel selection
In this subsection, we discuss how to support simultaneous transmission of SRI and ACK/NACK information in case of PUCCH format 1b with channel selection is configured. We identified following three alternatives.
- Multiple PUCCH transmission

- To use single SR resource for carrying ACK/NACK information
- To use multiple SR resources for carrying ACK/NACK information
2.2.1 Multiple PUCCH transmission

In this alternative, LTE-A UEs simultaneously use the SR resource and the ACK/NACK resource assigned to them as shown in figure 2. Although no ACK/NACK information would be dropped, this alternative breaks the single carrier properties in case of simultaneous transmission since ACK/NACK resource and SR resource may be in the different PRBs as shown in the figure 2. We don’t think this is an appropriate option given that multiple simultaneous PUCCH transmission for A/N was already excluded.
· Pros

· Simple extension of SR transmission and ACK/NACK transmission in LTE-Advanced without dropping any information

· Cons

· Single carrier properties are broken when SRI and ACK/NACK information are simultaneously transmitted
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Figure 2 Alternative 1: multiple PUCCH transmission
2.2.2 To use single SR resource for carrying ACK/NACK information
In this alternative, LTE-A UEs simply use the SR resource instead of the ACK/NACK resource(s) for carrying SRI and ACK/NACK information simultaneously. The SR resource might be the same as the resource allocated by release-8 method. As shown in figure 3, some of ACK/NACK information is dropped due to e.g., ACK/NACK bundling across CCs[1].
· Pros

· Single carrier properties are maintained

· Cons

· A part of ACK/NACK information is dropped
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Figure 3 Alternative 2: single carrier transmission
2.2.3 To use multiple SR resources for carrying ACK/NACK information
In this alternative, as shown in figure 4, eNB allocates the same number of SR resources to UE as ACK/NACK resources so that the same carrying method of the ACK/NACK information can be possible using SR resources instead of ACK/NACK resources. Although it has the merits that no ACK/NACK information would be dropped and single carrier properties are maintained, it contradicts the agreed wayforward.
· Pros

· Single carrier properties are maintained

· Cons

· More SR overhead

· This contradicts to the agreed wayforward
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Figure 4 Alternative 3: multiple SR resources
2.2.4 Considerations on PUCCH format 1b with channel selection case
We propose to employ alternative 2 for LTE-Advanced in order to keep single carrier properties without breaking any agreements. 
2.3. Alternatives for supporting simultaneous transmission of SRI and ACK/NACK information in case of DFT-S-OFDM based format

There would be several alternatives how UE transmits SRI simultaneously with multiple ACK/NACK information using DFT-S-OFDMA based format. In the followings, we discuss joint coding, multiple PUCCH transmission and to use reference signal for carrying SRI.
2.3.1 Joint coding

In this alternative, SRI is jointly coded with UL ACK/NACK information and sent by DFT-S-OFDM based format. It should be noted that, in order to avoid blind detection at eNB side, the number of information size shall be fixed regardless of SRI. In other words, codepoints for SRI shall be always allocated in the DFT-S-OFDM based format. This means, the coding rate for ACK/NACK information is reduced due to possible SRI transmission.
· Pros

· Single carrier properties are maintained
· Cons

· BER performance of ACK/NACK information would be degraded due to less coding gain
2.3.2 Multiple PUCCH transmission

In this alternative, LTE-A UEs simultaneously use the SR resource and DFT-S-OFDM based  format assigned to them. Although no ACK/NACK information would be dropped, this alternative always breaks the single carrier properties in case of simultaneous transmission of SRI and ACK/NACK information.

· Pros

· Simple extension of SR transmission and ACK/NACK transmission using large payload size format without dropping any information.
· Cons

· Single carrier properties are broken when SRI and ACK/NACK information are simultaneously transmitted.
2.3.3 Use reference signal for carrying SRI
In release 8, PUCCH format 2a/2b can carry both CQI and ACK/NACK information. In the normal CP case, the reference signal is used for carrying ACK/NACK information. Similar concept could be applied to DFT-S-OFDM based format. To be more specific, there would be several unused code resources for reference signal parts in DFT-S-OFDM based. Hence, by changing reference signal resources, SRI information could be carried with multiple ACK/NACK information.
· Pros

· Single carrier properties are maintained

· Cons

· The number of hypothesis for code resources of reference signal increases
2.3.4 Considerations on PUCCH format 1b with channel selection case
We propose not to apply multiple PUCCH transmission of SR and DFT-S-OFDM format for the same reason discussed in section 2.2.1. We also propose to continue studying both joint coding and the reference signal usage for indicating SRI, since both have pros and cons.
3. Conclusion

In this contribution, we discussed alternatives for supporting simultaneous transmission of SRI and ACK/NACK information in LTE-Advanced.

Based on above discussions, we propose followings concepts as a wayforward.

· Simultaneous transmission of ACK/NACK information and scheduling request should be supported in all the cases.
For PUCCH format 1b with channel selection:

· To use single SR resource for carrying ACK/NACK information as in release-8
· ACK/NACK Bundling across CCs is applied in case of positive SR
For DFT-S-OFDM based format:

· Study both joint coding and the reference signal usage for indicating SRI
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