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1 Introduction

With the agreement taken at RAN1 #60 that a single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE [1] – a new PUCCH transmission mode needed to be specified capable of accommodating simultaneous transmission of Scheduling Require Indicator (SRI) and ACK/NACK information. Considering the importance of both ACK/NACK information and SRI information, both signals shall be able to be sent simultaneously without dropping any of them. 
The present contribution discusses our views and states our preference on concurrent ACK/NACK transmission and SRI for LTE-Advanced.  
2 Discussion
In LTE Rel-8, when a UE needs to transmit both ACK/NACK and SRI, the ACK/NACK is transmitted on the SRI resource as shown in Figure 1. This is possible because the same PUCCH structure is used for both of them. 
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Figure 1: Multiplexing of scheduling request and ACK/NACK information from a single terminal in Rel-8

Regarding Uplink control information transmission in LTE-Advanced, RAN1 agreed the following:  

· One Scheduling request per UE transmitted on PUCCH. 

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH  A/N, SR, and periodic CSI from a UE. 

Considering that more than one UL ACK/NACK transmission schemes (channel selection using PUCCH format 1b or PUCCH format 2 [2]) may be supported depending on the number of ACK/NACK bits, several modifications from the Rel-8 mechanism are needed in order to support the concurrent transmission of SRI and multiple ACK/NACK information bits in LTE-A. 
Proposal 1: Concurrent transmission of HARQ-ACK and Scheduling Request should be supported in LTE-Advanced.
2.1 Alternatives for supporting concurrent transmission of ACK/NACK and SRI in case of PUCCH format 1b. 
In this subsection, we discuss how to support concurrent transmission of ACK/NACK and SRI in LTE-Advanced. Two alternatives are:
· Multi-sequence transmission. 

· Use SR resources for carrying ACK/NACK information. 

1.1.1 Multi-sequence transmission
LTE-A UEs simultaneously use the SR resource and the ACK/NACK resource as shown in Figure 2. However, as pointed out in a RAN4 LS [4], 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. Moreover, muti-sequence transmission should be limited to two or three PUCCH channels to minimize the required transmit power back-off. 
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Figure 2: multi-sequence transmission example. 
1.1.2 Use SR resource for carrying ACK/NACK information as in Rel-8. 

In this alternative, as in Rel-8, ACK/NACK information is piggyback through assigned SR resources and ACK/NACK resources not used in order to keep the single carrier property. More concerning on this scheme is how to compress the 3~4 bits ACK/NACK information since at most two bits information can be fed back to eNB through SR resources. 
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Figure 3: multiple ACK/NACK bits piggyback through SR resources in Rel-10
2.2 Alternatives for supporting concurrent transmission of ACK/NACK and SRI for large ACK/NACK payload size format

Support of “One A/N for each DL CC transport block” has been agreed which implies that full UL ACK/NACK information should be able to be transferred to the eNB on PUCCH. In order to accommodate such full UL ACK/NACK feedback (i.e., 5 DL CCs), a large payload size format (e.g., PUCCH format 2) for carrying multiple ACK/NACK bits with maintaining the single carrier property has been proposed. In the following, we list several alternatives how UE transmits SRI simultaneously with multiple ACK/NACK bits using the large payload size format. 
1.1.3 Joint coding
In case of simultaneous ACK/NACK and SRI, one alternative is to jointly code SRI and UL ACK/NACK information, as shown in Figure 4. In order to avoid blind detection at the eNB side, both positive SR and negative SR information will map to different code-points of 1-bit 
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information before joint coding. Therefore, the ACK/NACK coding rate is reduced. 
We compare BER performance of ACK/NACK information bits considering two cases:  w/ and w/o SR concurrent transmission based on simulation parameter of Table 1 in section 3. Figure 5 shows the BER performance of ACK/NACK bits. It is observed that there is only a small performance degradation by jointly coding ACK/NACK and SRI information in case of large payload size due to the concatenation of one additional SR bit. 
 
[image: image5]
Figure 4: Joint coding of ACK/NACK and SRI diagram 

[image: image6]
Figure 5: ACK/NACK performance comparing between w/ and w/o SR joint coding.
1.1.4 SRI Piggyback through reference signal

In Rel-8, Both CQI and ACK/NACK information can be carried through PUCCH format 2a/2b. For normal CP case, each slot in PUCCH format 2 has two OFDM symbols used for reference signals. When transmitting a hybrid-ARQ acknowledgement at the same time CQI information, the second reference symbol in each slot is modulated by the ACK/NACK information symbol; either BPSK or QPSK is used, depending on whether one or two ACK/NACK bits are to be fed back. 
In LTE-Advanced system, if multiple ACK/NACK information is carried by PUCCH format 2, same principle can be utilized for the concurrent transmission of multiple ACK/NACK information and SRI as shown in figure 6. Even for the new format based on DFT-S-OFDM, there would be several unused code resources for reference signal parts. Hence, by changing reference signal resources, SRI information could be carried with multiple ACK/NACK information bits [3]. The disadvantage of this method is that BER performance of ACK/NACK information would be degraded due to less reference signal resources in case of higher Doppler frequencies. 

[image: image7]
Figure 6: 
Block diagram of SRI piggyback through reference signal

1.1.5 Multi-sequence transmission.   

In this alternative, LTE-A UEs simultaneously use the SR resource and large payload size format assigned to them. The concern is that some analysis on the IMD aspects in the UE’s transmitter chain is required depending on the position of PUCCH RBs and assumed back-off. 
3 Simulation Results

In this section, we compare ACK/NACK and SR BERs for separate and joint ACK/NACK and SR transmission. For separate transmission, the piggyback through Reference Signal (referring to Figure 6) is employed for the normal CP structure. For joint transmission, ACK/NACK and SR are jointly coded. Table 1 lists the assumed parameters of link level simulation (referring to Figure 4). 

Table 1: Link level simulation Assumption

	Parameters 
	Assumption 

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUCCH formats
	2

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	Typical Urban (6 paths)

	UE Velocity 
	3km/h, 30km/h,60km/h,120km/h

	Antenna configuration
	2x2 for Tx Div

	Antenna correlation
	0.0

	Frequency hopping at slot boundary
	Disabled

	Channel estimation
	Practical

	Noise estimation
	Perfect

	Number of ACK/NACK bits
	10

	Number of SR bits
	1

	Encoder
	 (20, A) Reed-Muller code
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Figure 7: ACK/NACK BER (left) and SRI BER (right) with 3km/h, 1 bit SRI, TU 6.

Figure 8: ACK/NACK BER (left) and SRI BER (right) with 30km/h, 1 bit SRI, TU 6.
Figures 7~8 show the ACK/NACK and SRI BER of the separate and joint transmission scheme, for the normal CP structure with various UE speeds. It is observed that the joint approach obtained much better ACK/NACK performance than the separate approach, however, SRI performance of separate approach outperforms the joint approach. Considering the much importance of ACK/NACK bits, we slightly prefer to do joint coding for ACK/NACK and SRI bits in the large payload size format case. Detailed plots of the various bit error rate performance of ACK/NACK and SRI are provided in the Appendix for other cases. Moreover, the UE speed does not have a significant impact on ACK/NACK and SR BER. 
Proposal 2: Joint coding of ACK/NACK and SRI bits is slightly preferred if concurrent SRI and ACK/NACK occurs in the case of large payload size format.
4 Conclusions

This contribution considered several alternatives for supporting concurrent transmission of SRI and ACK/NACK information in LTE-Advanced. Based on above discussion and simulation results, we propose that: 
· Proposal 1: Concurrent transmission of HARQ-ACK and Scheduling Request should be supported in LTE-Advanced.  
For Large HARQ-ACK payload size format: 

·  Proposal 2: Joint coding of ACK/NACK and SRI bits is slightly preferred if concurrent SRI and ACK/NACK occurs in this case. 
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In Appendix, the link performance plots of various A/N and SRI transmission schemes with different UE speed are provided. Simulation assumptions are listed in Table 1.

Figure 9: ACK/NACK BER performance with 60km/h (left) and 120km/h (right), 1 bit SRI, TU 6
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Figure 10: MSE performance of joint coding and separate scheme
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