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1. Introduction
At the past few RAN1 meetings, PUCCH structures multiplexing ACK/NACK and/or CQI were agreed. However, how to multiplex PUCCH and Sounding RS (SRS) is FFS. The problems on this issue and some solutions are discussed in [1][2][3][4][5][6][7][8]. This contribution presents our proposed multiplexing scheme of PUCCH and SRS.
2. Multiplexing of PUCCH and SRS
In case of no UL data transmission, ACK/NACK and/or CQI are transmitted via PUCCH. For ACK/NACK transmission in PUCCH, up to 18 ACK/NACKs from different UEs can be code multiplexed per RB. When some of the UEs transmitting ACK/NACK on the same PUCCH have to transmit SRS using one symbol in the subframe, these UEs can not simultaneously transmit PUCCH on that symbol in order to preserve the single carrier FDMA property. In addition, all the UEs multiplexed in that PUCCH can not use this symbol in order to preserve the orthogonality among ACK/NACK channels.
Figure 1 shows the PUCCH format 0 or 1 when SRS is configured at the first symbol of subframe (Frame structure type 1, Normal cyclic prefix). UEs which have to transmit SRS in the subframe are scheduled by eNB to transmit their ACK/NACKs on PUCCH Type 2. The UE transmit 3 ACK/NACK symbols in each slot. This structure still allows for 18 ACK/NACKs multiplexing capability per RB. However, the reduced number of ACK/NACK symbols results in performance loss of 0.5dB. On the other hand, PUCCH Type 1, where the multiplexed UEs do not transmit SRS in the subframe, is not affected by transmission of SRS.
Figure 2 shows the PUCCH format 2 for CQI transmission when SRS is configured at the first symbol of subframe. UEs which have to transmit CQI in the subframe are scheduled by eNB to transmit their CQIs on PUCCH Type 2. In PUCCH Type 2, the multiplexed UE transmit 4 CQI symbols in each slot, which results in an increased effective code rate of CQI. This structure still allows for 6 CQIs multiplexing capability per RB. However, the reduced effective code rate of CQI will result in performance loss of 0.5dB. On the other hand, PUCCH Type 1, where the multiplexed UEs do not transmit SRS in the subframe, is not affected by transmission of SRS.
In both PUCCH formats, though each SRS symbol does not cover the whole system bandwidth, combination of two SRS symbols in the consecutive subframes can cover whole system bandwidth if it is necessary, e.g. for collision avoidance of SRS with PRACH.
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Figure 1 – Simultaneous transmission of ACK/NACK on PUCCH and SRS (PUCCH format 0 or 1)
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Figure 2 – Simultaneous transmission of CQI on PUCCH and SRS (PUCCH format 2)
For UL antenna switching transmission, transmission of SRS in each subframe can be altered between antenna#1 and antenna#2. Figure 3 shows this SRS transmission when the UE is transmitting PUCCH on antenna#1. In this case, SRS BW covering PUCCH RBs will be beneficial for antenna switching transmission of PUCCH if necessary.
[image: image3.wmf]Antenna 1

Antenna 2

1 

subframe

S

R

S

S

R

S

1 

subframe


Figure 3 – SRS transmission for UL antenna switching transmission
Benefits of the proposed structure
· PUCCH Type 1, where the multiplexed UEs do not transmit SRS in the subframe, is not affected by transmission of SRS.

· Node B informs UEs their assigned PUCCH type (PUCCH Type 1 or PUCCH Type 2) for the ACK/NACK and/or CQI transmission by implicit PDCCH signaling. So that, there is no additional signaling introduced for PUCCH type selection.
· Separate sounding of lower and higher frequency bands in consecutive subframes is beneficial to effectively avoid the collision of SRS with PRACH. If one PRACH is allocated per certain subframe, system bandwidth is separated into two bands by the PRACH. An UE can sound the lower band by the first SRS, then the higher band by the second SRS in the consecutive subframes to avoid the collision with PRACH.
· Each SRS symbol transmitted in a subframe does not necessarily cover the whole system bandwidth. This enable the SRS design not to be affected by the RB size allocated for PUCCH.

· For UL antenna switching transmission, transmission of SRS in each subframe can be altered between antenna#1 and antenna#2.
3. Conclusion
We propose to adopt the SRS multiplexing structure in Figure 1 for PUCCH format 0 or 1 and the SRS multiplexing structure in Figure 2 for PUCCH format 2. For frame structure type2 and for extended cyclic prefix, same multiplexing structure can be used as well.
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