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1 Introduction

For UL ACK/NACK (A/N) transmission, both PUCCH format 1b with channel selection and DFT-S-OFDM have been agreed [1]. Besides, a design principle of one Scheduling Request Indicator (SRI) per UE has also been agreed for carrier aggregation [2]. In this contribution, we discuss the simultaneous transmission of SRI and A/N for carrier aggregation.
2 Discussion 

In LTE Rel-8, to support the simultaneous transmission of A/N and SRI, a 1-bit or 2-bit A/N for FDD or a 2-bit bundled A/N for TDD is transmitted on the assigned SRI channel in case of a positive Scheduling Request (SR), while in the case of a negative SR, A/N is transmitted on the A/N channel as in the sub-frame without SRI resource reserved.
For carrier aggregation, we think the simultaneous transmission of SRI and A/N should also be supported considering the importance of both SRI and A/N. In Rel-10, two A/N transmission schemes are supported. One is the channel selection based scheme. The other is the DFT-S-OFDM based scheme. Correspondingly, the simultaneous transmission of SRI and A/N will be discussed separately for the two A/N schemes.
2.1 Channel selection based ACK/NACK transmission
The channel selection based scheme could be configured to a Rel-10 UE to support up to 4 A/N bits. It shares a same principle as the Rel-8 TDD A/N multiplexing on transmitting a QPSK symbol on a selected A/N channel, possibly with a different mapping table.

Several options have been proposed in [3-8] for supporting simultaneous transmission of SRI and A/N. During RAN1 #62 meeting, it has been agreed as a baseline to have no cross-carrier A/N bundling for simultaneous transmission of SRI and A/N [1]. This precludes the possibility of reusing Rel-8 TDD scheme for simultaneous SRI and A/N transmission. Another possibility is to use PUCCH format 1b with spatial bundling on the assigned SRI channel in case of a positive SR. With spatial bundling, PUCCH format 1b can support the simultaneous transmission of up to 2 CCs without cross-carrier A/N bundling. However, it was clarified during RAN1 #62 meeting that channel selection could support more than 2 CCs. For the case of more than 2 CCs, cross-carrier A/N bundling will still be needed. More investigation is needed on the simultaneous transmission of SRI and A/N.
Here some other possible options are listed for supporting the simultaneous transmission of SRI and A/N without cross-carrier A/N bundling.
Option 1: multi-PUCCH transmission
A/N information is transmitted on the assigned A/N channels utilizing channel selection, while SR is transmitted on the assigned SRI channel. Multi-PUCCH transmission is required for simultaneous transmission of SRI and A/N, as illustrated in Fig. 1.
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Figure 1 Illustration of Option 1.
Although cross-carrier A/N bundling could be avoided, the single carrier property will obviously be broken. For the reason of the large power back-off issue pointed out by RAN4, the scheme of multi-PUCCH transmission on multiple non-adjacent PRBs has been agreed to be precluded for further consideration. For A/N resource allocation, the working assumption is that A/N channel is implicitly mapped if the PDCCH is transmitted on Pcell [1]. Since SRI channel is explicitly signalled, it is difficult to guarantee that the selected A/N channel and SRI channel will be in the same or adjacent PRBs. This option is generally not preferred for breaking the single carrier property.
Option 2: assign a same number of SRI channels to a UE as A/N channels
A same number of SRI channels as A/N channels will be assigned to a UE. In case of a negative SR, A/N will be transmitted on the assigned A/N channels utilizing PUCCH format 1b with channel selection. In case of a positive SR, A/N will be transmitted on the assigned SRI channels utilizing PUCCH format 1b with channel selection, as illustrated in Fig. 2.
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Figure 2 Illustration of Option 2.
In this option, the single carrier property could be maintained which cross-carrier A/N bundling is avoided. However, multiple SRI channels are required to be assigned to a UE, which results in a significantly increased SRI overhead. Besides, it contradicts with the agreement of one SR per UE for carrier aggregation. This option is generally not preferred.
Option 3: treat SRI as an A/N
Considering the similarity between SRI and A/N, i.e. conveyed by 1 bit and transmitted with same channel structure, it is possible to treat SRI as another A/N in case of simultaneous SRI and A/N. A negative SR can be mapped as a NACK and a positive SR can be mapped as an ACK. Then both SRI and A/N are simultaneously transmitted utilizing PUCCH format 1b with channel selection, as illustrated in Fig. 3.
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Figure 3 Illustration of Option 3.
The single carrier property could be maintained in this option. With the defined mapping tables for channel selection, simultaneous transmission of SRI and A/N could be supported without any A/N bundling at least for 2~3 A/N bits. However, more considerations are needed in case of 4 A/N bits since the mapping table only supports a maximum number of 4 bits in total. For the mapping table design for channel selection, it has been agreed to optimize the performance to 2 DL CCs [1]. This implies that the typical scenario for channel selection of 4 A/N bits is 2 DL CCs with MIMO. In this case, spatial bundling could be further considered to avoid cross-carrier A/N bundling. 
Since A/N bundling can be avoided, this option can also be implemented as an enhancement for Rel-10 TDD UEs under single carrier mode.
Option 4: replace the A/N channel of Pcell with the assigned SRI channel

In case of a negative SR, A/N will be transmitted on the assigned A/N channels utilizing PUCCH format 1b with channel selection. In case of a positive SR, the A/N channel of Pcell is firstly replaced by the SRI channel, as illustrated in Fig. 4. Then the data part of A/N will be transmitted with PUCCH format 1b by channel selection from the SRI channel and the A/N channels of Scells. The DMRS will be sent on the SRI channel to indicate positive SRI.
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Figure 4 Illustration of Option 4.
In this option, the data part may be sent on an A/N channel while the DMRS is sent on SRI channel in the case of a positive SR. So the assigned SRI channel and A/N channel of Scell shall be on the same PRB. However, the current working assumption is that A/N channel is implicitly mapped for Scell if the PDCCH is cross-carrier scheduled from Pcell [1]. It is difficult to guarantee that the assigned SRI channel and A/N channel of Scell will be in the same PRB. Besides, the SR detection performance may be degraded since it is determined by whether DMRS is sent on the assigned SRI channel or not. This option is generally not preferred.
Option 5: phase reverse of the A/N symbol in the second slot in case of a positive SR
A/N will be transmitted on the assigned A/N channels utilizing PUCCH format 1b with channel selection. A QPSK symbol and an A/N channel will be selected according to the value of each A/N bit. If there is a simultaneous SR, the positive SR could be indicated by a phase reverse of the selected QPSK symbol in the second slot, as illustrated in Fig. 5. In case of a negative SR, the phase of the selected QPSK symbol will be kept same in both slots.
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Figure 5 Illustration of Option 5.
The single carrier property is maintained. The simultaneous transmission of SRI and A/N could be supported without any A/N bundling for up to 4 A/N bits. It could also be implemented as an enhancement for Rel-10 TDD UEs under single carrier mode. However, since the positive SR is only indicated by a phase reverse of the selected QPSK symbol in the second slot, the SR detection performance may be degraded.
Based on the discussion, these options are summarized and compared in Table 1.

Table 1 Options for simultaneous transmission of SRI and A/N
	
	Pros
	Cons

	Option 1: multi- PUCCH transmission
	· Cross-carrier A/N bundling can be avoided
	· Single carrier property is broken

· Difficult to guarantee that the selected A/N channel and SRI channel will be in the same or adjacent PRBs

	Option 2: assign a same number of SRI channels to a UE as A/N channels
	· Single carrier property is maintained

· Cross-carrier A/N bundling can be avoided
	· Significantly increased SRI overhead
· Contradicts with the agreement of one SR per UE for carrier aggregation

	Option 3: treat SRI as an A/N
	· Single carrier property is maintained

· Cross-carrier A/N bundling can be avoided

· Could be applied as an enhancement for Rel-10 TDD UEs under single carrier mode
	· FFS for the case of 4 A/N bits
· Spatial bundling can be considered in case of MIMO

	Option 4: replace the A/N channel of Pcell with the assigned SRI channel
	· Single carrier property is maintained

· Cross-carrier A/N bundling can be avoided
	· Difficult to guarantee the assigned SRI channel and A/N channel of Scell shall be on the same PRB
· The SR detection performance may be degraded

	Option 5: phase reverse of the A/N symbol in the second slot in case of a positive SR
	· Single carrier property is maintained

· Cross-carrier A/N bundling can be avoided

· Could be applied as an enhancement for Rel-10 TDD UEs under single carrier mode
	· The SR detection performance may be degraded


From Table 1, it could be seen that both option 3 and option 5 can support simultaneous transmission of SRI and A/N without contradicting with any agreements, working assumptions and baseline. Hence, it is proposed that,
Proposal 1: More investigation is needed on supporting the simultaneous transmission of SRI and A/N without cross-carrier A/N bundling.

· Both option 3 and option 5 could be considered as a starting point.
2.2 DFT-S-OFDM based ACK/NACK transmission
The DFT-S-OFDM based scheme could be configured to a Rel-10 UE to support more than 4 A/N bits, where multiple A/Ns are jointly encoded to 48 bits. Details including channel structure, channel coding for up to 11 A/N bits, codebook selection and randomization have also been agreed for the DFT-S-OFDM based scheme.
For the DFT-S-OFDM based scheme, 2 alternatives could be further considered.

Alternative 1: SRI is jointly encoded with A/N information
In case of simultaneous SRI and A/N, SRI is jointly encoded with A/N information. In order to avoid blind detection at eNodeB side, one fixed bit could be reserved for SRI. The codebook size could be autonomously adapted based on whether there is a simultaneous SRI or not.
Alternative 2: SRI is transmitted on the second RS symbol of each slot

Similar to the case of simultaneous A/N and CQI transmission with PUCCH format 2a/2b, SRI can also be transmitted on the second RS symbol of each slot in case of DFT-S-OFDM format. However, there is a working assumption to have only one RS symbol per slot for extended CP. In this case, SRI can not be carried by the RS symbol.
As has been shown before, the two alternatives have similar link performance. However, alternative 1 may anyhow be needed for extended CP once the working assumption is confirmed. From the simplicity point of view, alternative 1 is slightly preferred.
Proposal 2: It is slightly preferred to jointly encode SRI with A/N information in case of DFT-S-OFDM.
3 Conclusion 
In this contribution, solutions for supporting simultaneous transmission of SRI and A/N are discussed and compared. Based on the discussion, it is proposed that:
· For channel selection based scheme, more investigation is needed on supporting the simultaneous transmission of SRI and A/N without cross-carrier A/N bundling.
· Both treat SRI as an A/N scheme and phase reverse of the A/N symbol scheme could be considered as a starting point for future study.
· For DFT-S-OFDM based scheme, it is slightly preferred to jointly encode SRI with A/N information in case of DFT-S-OFDM.
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