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1. Introduction

In RAN1 #61bis, there is agreement about ACK/NACK transmission scheme on PUCCH:
Agreement (for both FDD and TDD): 

· 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
The two schemes are used to accommodate larger ACK/NACK payload due to carrier aggregation. Considering simultaneous transmission of SRI and HARQ-ACK in carrier aggregation, RAN1 #62bis has the agreement: 

· In case of SR+ACK/NACK is transmitted with PUCCH format 3, positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits.
For PUCCH format 1b with channel selection, there are some approaches have been raised but not discussed [1]-[6]. In this contribution, we focus on these approaches in case of PUCCH format 1b with channel selection and share some views about it.
2. Discussion 

In LTE, simultaneous transmission of SRI and HARQ-ACK could be performed depending on the PUCCH resource selection. The A/N bits are transmitted on A/N PUCCH resource in case of negative SR, and transmitted on SR PUCCH resource in case of positive SR. In LTE TDD, DL subframes are more than UL subframes for most UL-DL configuration, so more than 2 A/N bits may require to be transmitted. Since one A/N PUCCH resource could accommodate up to 2 bits, the A/N feedback requires special bundling to generate 2 bundled A/N bits in case of positive SR. From the bundled result, it could only reflect number of ACK or whether UE detects at least one DL assignment is missed. Thus, throughput degradation could be predictable.  
In LTE-A CA, PUCCH format 1b with channel selection and DFT-S-OFDM scheme are designed to accommodate larger A/N payload size. To support simultaneous transmission of SRI and HARQ-ACK extended from LTE, currently there are some approaches regarding PUCCH format 1b with channel selection [1]-[6]:
Approach 1: Use SR resource to carry A/N feedback as in LTE [2][3][4][6]
As in LTE, a 2-bit bundled result to inform network of the number of ACK is transmitted on SR resource in case of positive SR. Since network could not precisely know which DL transmissions are not received successfully in UE side, throughput degradation is unavoidable, especially considering the low correlation between different CCs if those CCs are not all located on the same frequency band. However, this approach would be more simple and natural since this functionality already exists in LTE.
Approach 2: Use multiple SR resources with channel selection to carry A/N feedback [1][6]
In this approach, the same number of SR resources as A/N resources for channel selection require to be assigned for the UE at each SR transmission instance once PUCCH format 1b with channel selection is configured. To avoid any A/N information dropping, it costs twice PUCCH resources. Considering the possibility of being positive SR, this approach seems quite inefficient. 
Approach 3: Joint coding of SRI and A/N [1][2]
In this approach, UE regards SR indicator as one bit A/N information and includes the SR resource to perform channel selection. It could operate well without any information dropping when the A/N feedback is up to 3 bits. But, while the A/N feedback is 4 bit, it would exceed the capability of channel selection since 5 PUCCH resources could not reflect all possible code-points of 5-bit information. Considering the agreement that the codebook selection is based on configured CCs and configured transmission modes for each CC, this approach would forbid the deployment configuration with 4-bit A/N payload.
Approach 4: PUCCH resource selection in different slots
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In LTE, frequency hopping always applies for PUCCH format 1/1a/1b, and the linked PUCCH resources in two slots within one subframe are fixed (mirror hopping). If the linkage relation could be changed, there could induce more code-points for transmission. That is to say, in case of positive SR, UE could transmit the A/N feedback on one A/N resource following the channel selection scheme in one slot, and transmit the same content on SR resource in the other slot. Network could detect the resource location of PUCCH transmission to see the SRI is positive or negative. Although this approach would not induce any information dropping, there exists one concern that the selected A/N resource and SR resource in different slots may locate on the same side in frequency, the frequency diversity gain would not be ensured, so there requires some restriction to avoid the problem. For instance, based on the formula for PRB determination for PUCCH transmission as below, the variable m of associated PUCCH resources for channel selection and SR resource  for a UE shall be either all even or all odd. Actually, it relies on network scheduling.

Approach 5: Reference signal selection [5]
In LTE, the cyclic shift and orthogonal sequence index mapping between PUCCH resource and reference signal is predefined. In this approach, the mapping could be changed to indicate positive SR. It would not induce information dropping, but there are two concerns: one is that it may induce possible BER performance degradation in case of higher mobility UE; the other is that the associated PUCCH resources for channel selection shall be in the same PRB to ensure the PUCCH resource and reference signal within the same frequency region. Otherwise, the measurement of reference signal could not offer any help for PUCCH demodulation. Thus, it requires some scheduling restriction.
Considering these five possible approaches to support simultaneously transmission of SRI and HARQ-ACK in case of channel selection, the approach 1 seems more simple and natural. However, the throughput degradation due to bundling could not be avoided. For approach 2 to 5, all they could carry entire A/N and SR information via single PUCCH transmission, but with different drawbacks or restrictions. From our view, we propose to consider approach 4 and approach 5 further. 
3. Conclusion

This contribution discusses simultaneous transmission of SRI and HARQ-ACK. Based on the above discussion, we propose:
· Simultaneous transmission of SRI and HARQ-ACK should be supported in LTE-A.
· For PUCCH format 1b with channel selection, approach 4 (PUCCH resource selection in different slots) and approach 5 (Reference signal selection) could be considered further to avoid any information dropping.
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