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1 Introduction

In LTE Rel-8, simultaneous transmission of ACK /NACK (A/N) and SRI was supported. 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 RAN1 #62bis meeting, A/N and SRI joint encoding was agreed in the case of PUCCH format 3.  This document is a revision based on previous contribution [1]. We will mainly discuss the simultaneous transmission of SRI and A/N for carrier aggregation in the case of channel selection according to current working assumption [2-4]. Besides, a minor clarification for simultaneous transmission of SRI and A/N in the case of format 3 is described in this paper.
2 A/N and SRI in the case of channel selection
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.

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 [2]. It is considered that the system throughput would suffer significant performance loss due to the low correlation among CCs when cross-carriers bundling is applied. And this baseline precludes the possibility of reusing Rel-8 TDD A/N bundling scheme with simultaneous SRI. 
In the following scenarios, the transmission of more than 2-bit ACK/NACK needs to be supported:
· In LTE-A FDD with CA, no bundling scheme is adopted. More than 2-bit A/N transmission shall be supported when MIMO is configured. 
· In LTE-A TDD with CA, 4-bit A/N transmission shall be supported in the case of channel selection. In mode b, a 2-bit bundled ACK/NACK is required for each DL CC with time domain partial bundling, and 4 independent A/N bits have to be supported even in the case of 2 CCs [6]. 
If the cross-carrier bundling is adopted for SR and A/N simultaneous transmitted in LTE-A TDD, the system performance will be significantly degraded when both time-domain and carrier-domain bundling for A/N are performed within the bundling window in mode b.  

In this contribution, we do not discuss about option 1 and option 2 which were included in [1]. The option 1 is not practical due to it would break signal carrier frequency property and bring extra scheduling complexity to eNB. Option 2 does not support 4-bit A/N simultaneous transmission with positive SR.
Based on above considerations and the baseline of no cross-carrier A/N bundling, we propose to apply the following mechanism for SR and ACK/NACK simultaneous transmission scheme.
Phase reverse of the A/N symbol in the second slot in case of a positive SR
In this scheme, 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 occurred, the positive SR could be indicated by a phase reverse of the selected QPSK symbol in the second slot, as illustrated in Fig. 1. In case of a negative SR, the phase of the selected QPSK symbol should be kept same in both slots.

[image: image1]
Figure 1 Illustration of phase reverse A/N symbol with positive SR
The simultaneous transmission of SRI and A/N can be supported without any A/N bundling for up to 4 A/N bits. However, there will be some performance loss for A/N since the number of candidate transmitted symbol (sequence) on two slots is increased. 
The link-level performance is shown in appendix A. It can be observed that approximate 80% of UEs can meet the target SNR requirement of the A/N phase reverse scheme according to the PUCCH SINR geometry in [5] when 3 UEs are multiplexed in a same RB. Furthermore, carrier aggregation is anticipated to be utilized for UEs with good channel quality, and it cannot be seen as a coverage-centric technology. This scheme can convey all ACK/NACK bits without any further bundling method with SR simultaneous transmission. We believe that this scheme will grant the possibility to exploit the benefits of carrier aggregation to the maximum extent.
3 Clarification of A/N and SRI in the case of format 3
For the simultaneous transmission of SRI and ACK/NACK for PUCCH format 3, it was agreed that positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits [4]. It was also agreed that Rel-8 PUCCH 1a/1b resource is used if no PDCCH corresponding to PDSCH on Scells is received, and PDSCH is received on the Pcell [4]. When Rel-8 PUCCH format 1a/1b resource is used, there will be no PUCCH format 3 resources available at the UE side. In this case in FDD, it is straightforward to reuse Rel-8 scheme for simultaneous transmission of SRI and ACK/NACK, i.e. A/N will be transmitted on SRI channel in case of a positive SR. In TDD, it is still FFS. 
Hence it is clarified that:

Proposal: When receiving at least one PDCCH corresponding to PDSCH on Scell, positive/negative SR is jointly encoded with A/N and transmitted with PUCCH format 3. In FDD, when receiving PDSCH only on Pcell, A/N is transmitted on SRI channel according to Rel-8 scheme in case of a positive SR.
4 Conclusion 

In this contribution, based on the discussion and current standard progress, it is proposed that:

Proposal: The positive SR could be indicated by a phase reverse in the second slot of the QPSK symbol selected from the A/N mapping table. 

As to simultaneous transmission of SRI and A/N using PUCCH format 3, we made a clarification based on which we propose:

Proposal: When receiving at least one PDCCH corresponding to PDSCH on Scell, positive/negative SR is jointly encoded with A/N and transmitted with PUCCH format 3. In FDD, when receiving PDSCH only on Pcell, A/N is transmitted on SRI channel according to Rel-8 scheme in case of a positive SR.
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Appendix A: Performance evaluation of phase reverse scheme
The following is the link performance of A/N and SR in phase reverse scheme, where the requirements for A/N and SR are respectively:

· For A/N,

· Prob(D->A)<1% & Prob(A->N/D)=1% & Prob(N->A)=0.1%

· For SR,

· Prob(N->P)<1% & Prob(P->N)=1%

The detailed simulation assumptions are listed in table 2.
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Figure 2a Simulation results for 2-bit A/N phase reverse scheme
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Figure 2b Simulation results for 3-bit A/N phase reverse scheme
	Required SNR\scheme
	2-bit A/N with SR
	3-bit A/N with SR

	ACK
	-4.0
	-3.75

	SR
	-4.0
	-3.85


Table 2 Performance of SR and 2 bits A/N simultaneous transmission 
	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	ETU/5MHz,

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1x2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Table3 Simulation assumptions
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