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1 Introduction
For the UL ACK/NACK channel transmission, both reference signal (RS) and data use cyclically shifted CAZAC sequences of length 12. In our previous contributions, we have showed that up to 18 users can be multiplexed based on the cyclic shifts of CAZAC sequences as well as time domain spreading of DFT for RS and Walsh for data [1]. In this contribution, we address the issue of simultaneous transmission for ACK and service request (SR) channels.
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Figure 1. ACK/NACK Channel Structure
2 Various Transmission Options
Currently, there are multiple proposals for the multiplexing of SR and ACK/NACK. For example, one can assign different shifts and time domain spreading code for ACK vs. SR+ACK. In this case, some resources will always be set aside for the SR transmission. The main drawbacks of this approach are:

· This leads to some loss in multiplexing capability of the ACK channels and restrict maximum ACK channels to 12 instead of 18.

· Blind decoding is required to differentiate ACK vs. SR+ACK transmissions.  
The other approach is to use higher order modulation, such as 8 PSK. The main drawback is:

· There is large link level loss comparing 8PSK to QPSK. This link loss can be a limiting factor for the edge users. 
3 Alternative Transmission Schemes
We propose the following schemes to multiplex SR and ACK/NACK, which does not reduce the multiplexing capability of ACK channels.
3.1
Approach 1
The detailed transmitter operations from the UE are detailed as follows:

· SR transmission only: If a user is sending a SR without ACK/NACK transmission, he will transmit SR information on the resources assigned for SR transmission (known a priori through L3 signaling). 

· ACK/NACK transmission only: If a user is sending ACK/NACK without SR, he will transmit ACK/NACK information on the resources assigned for ACK/NACK transmission (known a priori through explicit mapping to the PDCCH assignment for PDSCH transmission). 

· SR+ACK/NACK transmission: If a user is sending ACK/NACK+SR, then he will send ACK/NACK information on the resources assigned for SR transmission (known a priori through L3 signaling and explicit mapping to the PDCCH assignment for PDSCH transmission).

The receiver operations from the eNB are detailed as follows:

· If eNB only expect SR: it will demod the SR in the resources assigned for SR.

· If eNB only expect ACK/NACK: it will demod the ACK/NACK in the resources assigned for ACK/NACK from the mapping through downlink assignment. 

· If eNB expects both ACK/NACK and SR: it will perform blind ACK/NACK demod/decode on resources assigned for both ACK/NACK and SR. 

· If ACK/NACK decodes on ACK/NACK resources, it does not have SR

· If ACK/NACK decodes on SR resources, it also signaled SR in addition to ACK/NACK. 

Because all channels are well defined and signaled, there is no ambiguity among different modes. The multiplexing capabilities for ACK/NACK and SR are not affected. 

3.2
Approach 2
An alternative approach is to perform ACK/NACK and SR channel bit mapping based on different DL transmission mode. 

We consider the following cases for the UE transmission:

1. DL SIMO transmission: in this case, we need to transmit one bit ACK and one bit of SR. Current ACK/NACK channel structure can be used with QPSK modulation. 

2. DL MIMO with rank 1 transmission: in this case, we need to transmit one bit ACK and one bit SR. Current ACK/NACK channel structure can be used with QPSK modulation. 

3. DL MIMO with rank 2 transmission: we need to transmit two bit ACK and one bit SR. Several options can be used for this case:

· Feedback restriction: we can always using one bit ACK to acknowledge the successful reception of both DL streams. Then we still use QPSK to signal both ACK and SR.  

· Scheduler restriction: if we do not want to take the link level performance loss due to higher order modulation, we can put a restriction on the scheduler. So whenever the scheduler selects a user for downlink transmission corresponding to his SR sub-frame, he can select only SIMO mode or MIMO mode with rank one.

· Use 8PSK only for the MIMO rank 2 users. Since MIMO users with rank 2 are typically interior users, the link level difference between 8PSK and QPSK should not be a limiting factor. 

The eNB receiver performs the following operations:

· For DL SIMO transmission with SR: first bit map to ACK/NACK, second bit map to SR.

· For DL MIMO rank one transmission with SR: first bit map to ACK/NACK, second bit map to SR.

· For DL MIMO rank two transmission with SR: first bit map to ACK/NACK for both layers and second bit map to SR in one option; or 8PSK demodulation for 2 bits ACK and 1 bit SR in the second option. 

The main advantages of such a scheme are:

· There is no need to perform blind decoding at the eNB. 

· There is no reduction in multiplexing capability of ACK channels. 

· ACK channel processing and ACK+SR channel processing are essentially identical. The only difference is the interpretation of the bits from the demod. 

· There is no link level performance loss due to the transmission of ACK+SR for the SIMO and MIMO rank 1 users.  

· The system level impact of such a scheme is likely to be small, because only a small fraction of users are affected during the fraction of time interval where SR is transmitted. Given the duty cycle of SR transmission, percentage of MIMO users with rank 2, and the link level performance difference between rank 2 and rank 1 transmission of such users, the system impact of such a system will be very limited.

4 Summary
Based on the above discussion, we propose to adopt one of the two alternative schemes for multiplexing SR and ACK/NACK. 
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