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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.  In this contribution, we will discuss the simultaneous transmission of SRI and A/N for carrier aggregation in the case of channel selection.

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.

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, e.g., in the case of more than 2 CCs in FDD. In LTE-A TDD with CA, it needs to support 4 independent A/N bits for channel selection with either CC domain or time domain bundling.
Several other options have been also proposed in [3-8] for supporting simultaneous transmission of SRI and A/N, in which those aligning with the agreed work assumptions or baselines are listed below for discussion. 
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.

[image: image1]
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: 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. 2.


[image: image2]
Figure 2 Illustration of Option 2.
The single carrier property could be maintained in this option. With the defined mapping tables for channel selection, in appearance, simultaneous transmission of SRI and A/N could be supported without any A/N bundling at least for 2~3 A/N bits. 
However, this option is practical or not also depends on the detail design of the A/N mapping table. The A/N mapping table in R1-105476 [9] was agreed as working assumption in RAN1 #62bis meeting.  Now, suppose there are 2 CCs with one codeword on each of them. Further taking SR bit into consideration, we need to use the 3 bits table for channel selection. Suppose we treat SR bit as the bit corresponding to the non-SDM cell, there will be an error case that the second channel (PUCCH resource 2) could be unavailable for the status (A-N-A) in the 3 bits mapping table there (see in appendix A) since the N for CC2 could be D, i.e., the PDCCH on CC 2 is missed so that the corresponding channel is actually unavailable. Similar error case could be also found if we treat SR bit as one of the bits corresponding to SDM cell.
In additional, the channel selection A/N mapping table could only support a maximum number up to 4 bits in total. So, how to support 4 bits A/N and SR simultaneous transmission is need FFS.
Option 3: 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. 3. In case of a negative SR, the phase of the selected QPSK symbol will be kept same in both slots.

[image: image3]
Figure 3 Illustration of Option 3.
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. However, since the number of candidate transmitted symbol (sequence) on two slots gets increased, possibly there will be some performance loss for A/N. 
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: treat SRI as an A/N
	· Single carrier property is maintained

· Cross-carrier A/N bundling can be avoided
	· Depends on the detail designing of the mapping table for A/N

· FFS for the case of 4 A/N bits

	Option 3: 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
	· A/N performance degradation 


3 Performance evaluation

The following is the link performance of A/N and SR in option 2 and option 3, 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 could be found in appendix B.
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Table 2 Performance of SR and 2 bits A/N simultaneous transmission 
	Required SNR\scheme
	option 2
	option 3

	ACK
	-5.5dB
	-4.0dB

	SR
	-5.5dB
	-4.0dB


Table 3 Performance of SR and 3 bits A/N simultaneous transmission
	Required SNR\scheme
	option 2
	option 3

	ACK
	-5.15dB
	-3.75dB

	SR
	-5.5dB
	-3.85dB


From the simulation results, we can observe that option 2 has better performance. If the final mapping table for channel selection could support option 2 without any error case, then option 2 can be adopted for 2~3 bits A/N and option 3 can be adopted for 4 A/N bits. However, option 3 only is preferred considering possible error cases in option 2 when the A/N mapping table in [9] is used. Additionally, option 3 can support 2~4 A/N bits and thus reduce standard complexity. Furthermore, the degradation of option 3 is not considered to bring major impact to UL A/N performance since carrier aggregation is anticipated to be utilized for UEs with good channel qualities.
4 Conclusion 

In this contribution, solutions for supporting simultaneous transmission of SRI and A/N are discussed when A/N is configured with channel selection. Based on the discussion, it is proposed that:

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. 
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Appendix A:
3 A/N-bit mapping table in R1-105476 [9]
	SDM Cell
	non-
SDM Cell
	PUCCH resource

	
	
	1
	2
	3

	A,A
	A
	
	–1
	

	A,N
	A
	
	j
	

	N,A
	A
	
	–j
	

	N,N
	A
	
	
	–1

	A,A
	N
	–1
	
	

	A,N
	N
	j
	
	

	N,A
	N
	–j
	
	

	N,N
	N
	
	
	1

	A,A
	D
	–1
	
	

	A,N
	D
	j
	
	

	N,A
	D
	–j
	
	

	N,N
	D
	1
	
	

	D,D
	A
	
	
	–1

	D,D
	N
	
	
	1

	D,D
	D
	No transmission


Appendix B:
	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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