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1  Introduction
In RAN1-62Bis, the following were agreed on concurrent transmission of Scheduling Request Indicator (SRI) and CA ACK/NACK (A/N) in case of PUCCH format 3 configured for HARQ-ACK transmission in Rel-10 [1]: 

· 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 UL HARQ-ACK transmission, both PUCCH format 1b with channel selection and PUCCH format 3 have been agreed [2]. In this contribution, we further discuss the remaining details of concurrent SRI and A/N transmission for PUCCH format 1b with channel selection.  
2  Discussion
In LTE Rel-8, when a UE needs to transmit both HARQ-ACK and SRI, a 1-bit or 2-bit HARQ-ACK for FDD or 2-bit bundled HARQ-ACK for TDD is transmitted on the assigned SRI resource in case of a positive SR. In the case of a negative SR, A/N is transmitted on the HARQ-ACK channel as usual, as shown in Figure 1.
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Figure 1: Multiplexing of SRI and HARQ-ACK information from a single UE in Rel-8.
In LTE TDD, DL subframes are more than UL subframes for most UL-DL configurations, so more than 2 HARQ-ACK bits may need to be transmitted. Since one HARQ-ACK PUCCH resource can accommodate up to 2 bits, the HARQ-ACK feedback requires bundling to generate 2 bundled HARQ-ACK bits in case of positive SR. The bundled result can only reflect the number of ACKs or whether the UE detects at least one missed DL assignment. Thus, throughput degradation occurs in LTE which is desirable to avoid in Rel-10. 
Several options have been identified [3-8] to support concurrent transmission of SRI and CA HARQ-ACK in case of PUCCH format 1b with channel selection. This contribution reviews these options and considers further enhancements. 

Option 1: Multi-sequence transmission
In this option, LTE-A UEs simultaneously use the assigned SR resource and the HARQ-ACK resource utilizing channel selection as shown in Figure 2. It is obvious that the single carrier property is broken even though no cross-carrier HARQ-ACK bundling needed and no information is dropped. As pointed out in a RAN4 LS [9], the location of the PUCCH resources has a significant impact on the transmit power back-off that may be required to meet ACLR, SEM and EVM requirements for multiple simultaneous PUCCH transmissions and presents a big challenge for the RF design. For this reason, it has been agreed that multiple simultaneous PUCCH transmissions for HARQ-ACK in multiple non-adjacent PRBs is excluded in Rel-10 in order to minimize the required transmit power back-off. However, for HARQ-ACK resource allocation, the working assumption is that the HARQ-ACK channel is mapped implicitly if the PDCCH is transmitted on the Pcell and the UE is configured for channel selection [10]. Considering that the SRI channel is signalled explicitly, it is difficult to guarantee that the selected HARQ-ACK channel and the SRI channel will be in the same or adjacent PRBs. Based on above, multi-sequence transmission is not an appropriate option given that multiple simultaneous PUCCH transmissions for HARQ-ACK in non-adjacent PRBs is already excluded. 

[image: image2.emf]ACK/NACK channel

(through Channel selection mapping)

SR channel

Case: Scheduling requirement and Acknowledgement 

ACK/NACK bits


Figure 2: Multi-sequence transmission.
Option 2: Bundled HARQ-ACK transmitted on single SR resource 
In this option, as in LTE Rel-8 TDD, the UE generates a 2-bit bundled HARQ-ACK to inform the NodeB of the number of ACKs and transmits the HARQ-ACK signal on SR resource in case of positive SR. Considering the low correlation among different CCs, especially if they are in different frequency bands, DL throughput degradation is unavoidable as the NodeB cannot know which DL transmissions were not successfully received. However, this approach is very simple and natural considering that two CCs is the typical scenario for channel selection in both TDD and FDD with CA and this is also reflected in the adopted mapping table and the PUCCH resource allocation methodology. Therefore, some simple optimizations for 2-bit HARQ-ACK bundling can be investigated in order to enhance the DL throughput performance. For example, simple HARQ-ACK spatial bundling per CC in FDD and feedback of the consecutive ACKs number in TDD [11] can be considered for HARQ-ACK compression at each SR transmission instance. Therefore, instead of channel selection, HARQ-ACK bundling and PUCCH Format 1b are used with transmission in the SRI resource in vase of positive SR. 
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Figure 3: Bundled HARQ-ACK for FDD system.
Option 3: Reuse channel selection by treating SRI as 1-bit HARQ-ACK
In this option, SRI is treated as another HARQ-ACK bit at each SR transmission instance in case of simultaneous SRI and HARQ-ACK transmissions. The SRI resource is included in the resources available for channel selection. A negative SR can be mapped as a NACK and a positive SR can be mapped as an ACK. This method can operate as the usual channel selection with 3 or 4 HARQ-ACK bits when the actual HARQ-ACK feedback is 2 or 3 bits, respectively. However, if the number of HARQ-ACK bits is 4, it would exceed the capability of channel selection since 5 PUCCH resources with QPSK modulation can not reflect all possible code-points of 5-bit information. Considering the agreement that the codebook selection is based on the configured CCs and configured transmission mode for each CC, additional enhancements on this solution have to be investigated in order to allow the deployment of the configurations with 4-bits A/N payload and more standardization effort is needed. 

[image: image4.emf]A/N SR

PUCCH resource

A/N 1 A/N2 SR

A/N channel

…

…

SR channel


Figure 4: Treat SRI as 1-bit HARQ-ACK (2 HARQ-ACK channels and 1 SRI channel)
Option 4: Phase reversal of HARQ-ACK symbol in second slot for positive SR 
HARQ-ACK is transmitted on the assigned channels utilizing PUCCH format 1b with channel selection. A QPSK symbol and a HARQ-ACK channel will be selected according to the agreed mapping table and the value of each HARQ-ACK bit. The phase of the selected QPSK symbol in the mapping table is reversed in the second slot to indicate a positive SR. In case of negative SR, the phase of the selected QPSK symbol is kept the same in both slots. 
Although this approach would not induce any HARQ-ACK information dropping and the single carrier property is kept, there is some associated performance degradation as positive SR is indicated only by a phase reversal of the selected QPSK symbol in the second slot. Another important point is that the property to facilitate a maximal reuse of the Rel-8 implement blocks, as well as design principle, is not followed well in this solution because two receivers have to be achieved by eNB for A/N demodulation in the SR subframe and non-SRI subframe and simply reusing rel-8 TDD channel selection receiver model is impossible. 

[image: image5.emf]…

…

A/N channel

Frequency

Time

1

st

slot 2

nd

slot

RS RS RS

RS RS RS

QPSK 

symbol

Conjugate

If positive SR 


Figure 5: Conjugation of HARQ-ACK QPSK symbol in second slot.
Option 5: Same number of SRI channels assigned as ACK/NACK channel
In this option, as shown in Figure 6, the same number of SRI channels as HARQ-ACK ones is assigned to the UE when PUCCH format 1b with channel selection is configured. In case of negative SR, HARQ-ACK is transmitted on a HARQ-ACK channel based on the mapping table using PUCCH format 1b with channel selection. In case of a positive SR, HARQ-ACK is transmitted on a SRI channel based on the mapping table using PUCCH format 1b with channel selection. Therefore, to avoid dropping any HARQ-ACK information, avoid any practical performance degradation, and maintain the single carrier property, the cost is that twice the PUCCH resources are required. Considering that positive SR is infrequent, this approach seems quiet inefficient and also contradicts the agreed way forward for one SRI channel per UE in case of CA. 
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Figure 6: Multiple SR resources with channel selection.
Option 6: Enhanced channel selection utilizing the RS channel. 
In LTE, the cyclic shift and orthogonal sequence index mapping between the PUCCH resource and the reference signal is predefined. In this option, the mapping is changed to indicate positive SR. Although HARQ-ACK information dropping is avoided, there are two concerns: one is the performance degradation in case of high speed UEs; the other is that the associated PUCCH resources for channel selection must be in the same PRB to ensure PUCCH resource and RS within same frequency region. Otherwise, the measurement of the reference signal cannot be used for HARQ-ACK demodulation. Thus, this option also requires scheduling restrictions. 
Table I summarizes the properties of the above options. The design criteria should align with current agreements. For this reason, option 1 and option 5 are not preferable. In addition, minimum specification effort, less PUCCH overhead and good SRI performance are desirable considering the PUCCH resource requirement increase in Rel-10 and the need to achieve SR miss detection rate of 0.1%. For this reason, option 3, option 4, and option 6 are not preferable.
Table I: Summary of Attributes of HARQ-ACK and SRI Multiplexing Options
	
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5
	Option 6

	Possible contradiction with agreements
	Yes
	No
	No
	No
	Yes
	No

	Single Carrier property 
	No
	Yes
	Yes
	Yes
	Yes
	Yes

	Cross-CC A/N bundling
	No
	No
	No
	No
	No
	No

	Resource overhead
	Normal
	Normal
 (as baseline)
	Normal
	Less
	High
	Less

	SR performance
	Normal
	Normal
(as baseline)
	Normal
	Worse
	Normal
	Worse

	Standardization efforts
	Small
	Small
	Larger
	Small
	Small
	Small

	Scheduler restriction
	Yes
	No
	No
	No
	No
	Yes

	Rel-8 receiver blocks reuse
	Yes
	Yes
	Yes
	No
	Yes
	Yes

	
	
	Our preference
	
	
	
	


3  Summary 

This contribution reviewed possible methods for HARQ-ACK and SRI multiplexing in case of HARQ-ACK channel selection. Based on the design criteria and discussion, the following is proposed:

Proposal: In case of simultaneous HARQ-ACK and SRI transmission, bundled HARQ-ACK is transmitted on a single SRI resource as in LTE Rel-8 TDD. 
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