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1 Introduction
In #49bis meeting, control channel transmission structures in uplink, i.e. PUCCH carrying ACK/NACK and/or CQI were agreed. However, when the SRS (Sounding RS) is transmitted with PUCCH simultaneously, PUCCH transmission structures have to be modified in order to maintain the single carrier property. 
In this document, we discuss multiplexing of uplink SRS and PUCCH ACK/NACK, and suggest a resource allocation solution of ACK/NACK users with SRS and ACK/NACK users without SRS. By allocating the different resource to the ACK/NACK users with SRS and the users without SRS respectively, the performance of ACK/NACK users without SRS is not decreased and ACK/NACK users with SRS still maintain the single carrier property. The scheme also could be used for the multiplexing of CQI and SRS in the case SRS is transmitted with PUCCH CQI simultaneously.
2 Discussion of multiplexing of uplink SRS and PUCCH
It is noted that different color /number in the figures of this document denote the different meaning. The block filled with brown denotes the SRS transmission. The block filled with green and cyan denotes ACK/NACK data and RS of users without SRS respectively. The block filled with blue and yellow denote ACK/NACK data and RS of users with SRS respectively. The different number in the block denotes different time-frequency resource in one slot. The same number and color in the block denotes the ACK/NACK users in the same time-frequency resource with intra-subframe hopping.

The working assumption of ACK/NACK structure without SRS is as figures 1 and figure 2.
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Figure 1. ACK/NAK transmission structure for short CP
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Figure 2. ACK/NAK transmission structure for long CP

In the case of PUCCH and SRS transmission in a subframe for the same user, there are two options in order to maintain the single carrier property.
· Option 1: avoiding the PUCCH and SRS transmission in a subframe

For avoiding the PUCCH and SRS transmission in a subframe, the drop of SRS transmission or the delay of PUCCH transmission should be considered. If SRS dropped, the scheduling efficiency and power control would be impacted. Simultaneous CQI and SRS transmission from the same UE can be avoided by eNB scheduler since the periodic transmission of CQI and SRS. In case the CQI or SRS transmission is not periodic, it is configurable to avoid. But Simultaneous ACK and SRS transmission could not be avoided by scheduling or configuring for dynamic scheduling. In this time, if the ACK/NACK is delayed, the ACK/NACK multiplexing capacity and performance are impacted so that the DL throughputs are decreased. 
· Option 2: TDM multiplexing of SRS and PUCCH in a subframe with resource allocation
Option 2 allows simultaneous PUCCH and SRS transmission and TDM multiplexing of SRS and PUCCH in a subframe. In this option, the PUCCH UEs use the punctured PUCCH structure when they transmitted SRS simultaneously. For an example, there are 3 LB for ACK/NACK information (SF3) and 3 LB for ACK/NACK RS(SF3) as figures 3.For the PUCCH UEs without SRS in one same subframe, the PUCCH structure is not changed. For an example, there are 4 LB for ACK/NACK information (SF4) and 3 LB for ACK/NACK RS(SF3) as figures 4.

For the time domain orthogonality of PUCCH ACK/NACK, it is suggested that some special PUCCH resources are allocated to PUCCH users with SRS and the residual PUCCH resources are allocated to PUCCH users without SRS. If the special PUCCH resources are continuous and near PUSCH region, SRS might be transmitted in the PUCCH bandwidth for all users with SRS transmission in the same subframe. 
By the resource allocation and 2 PUCCH formats, the option of TDM multiplexing of SRS and PUCCH in a subframe maintains the single carrier property，avoids the impact on the performance of PUCCH users without SRS due to SRS transmission of other users and avoids the interference between the PUCCH users。

Therefore, we propose the PUCCH users with SRS use the different RB resources and different transmission structure from the PUCCH users without SRS when they exist at the same time. That is, some special RBs (such as the continuous RBs near PUSCH) of PUCCH are only used for PUCCH users with SRS and PUCCH users with SRS use the punctured structure for ACK/NACK transmission. At the same time, PUCCH users without SRS use the other RBs allocated for PUCCH and adopt the unchanged structure.
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Figure 3. ACK/NAK transmission puncturing structure for the users with SRS
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Figure 4. ACK/NAK transmission structure for the users without SRS
It is noted that this solution is applied for both long and short CP in FDD and can be also applied in TDD.
Here we give the cases of short CP in FDD.
· Case 1: All users transmit the ACK/NACK signals without SRS

When all PUCCH users do not transmit SRS, they use the frame structure of working assumption as figure 5. 
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Figure 5. ACK/NAK transmission structure for all users without SRS

· Case 2: All users transmit the ACK/NACK signals with SRS

When all PUCCH users transmit SRS, they use the structure of reserving one LB for SRS. For supporting more users, the 3Data+3RS structure is presented as figure 6. 
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Figure 6. ACK/NAK transmission structure 1 for all users with SRS
· Case 3: some users transmit the ACK/NACK signals with SRS and the others without SRS

When PUCCH users with SRS and PUCCH users without SRS exist simultaneously, they use the different structure in different frequency resource. In figure 7, the PUCCH users with SRS occupy the first RB of first slot and the last RB of the second slot within one sub-frame, and the PUCCH users without SRS occupy the last RB of first slot and the first RB of the second slot within one sub-frame. This design guarantees the performance of PUCCH users without SRS is not changed due to the users with SRS. We can see, PUCCH users with SRS not only maintain the single carrier property, but also avoid the interference among PUCCH users. In this scheme it only needs a simple resource allocation for different users groups in Node B. If the inter-subframe hopping is supported, the whole bandwidth including the bandwidth of PUCCH might be measured. From the above analysis, Case 1 and case 2 are the special situations of case 3.
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Figure 7. ACK/NAK transmission structure1 when the users with SRS or without SRS exist at the same time
3 Multiplexing of uplink SRS and PUCCH when multiple RBs for PUCCH transmission

Since one RB is not enough for multiplexing a large amount of PUCCH users, more than one RB is needed. For the case of large amounts of ACK/NACK users with SRS and without SRS, we propose the resource allocation as follows: all or part of the frequency resources in top or bottom RBs are allocated to PUCCH users with SRS and the remained frequency resources to PUCCH users without SRS as figure 8, figure 9 and figure 10.
The advantages are as follows:

· Resource allocation of PUCCH may be flexible when large amounts of PUCCH users exist, regardless of the users with SRS or without SRS.
· It is possible to sound the bandwidth of PUCCH. Moreover, by inter-subframe frequency hopping, the whole bandwidth might be sounded and frequency diversity gain is achieved. 
· It is easier to assign ACK/NACK and CQI for different users in the same subframe. 

It is noted: although the figures are the examples of multiplexing of ACK/NACK and SRS, the scheme is also used for that of CQI and SRS.
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Figure 8. ACK/NAK transmission structure when large amounts of users with SRS or without SRS exist at the same time
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Figure 9. ACK/NAK transmission structure for inter-subframe hopping when lager amounts of users with SRS or without SRS exist at the same time
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Figure 10. Another ACK/NAK transmission structure when lager amounts of users with SRS or without SRS exist at the same time

4 Conclusion

In this document, we present one solution of multiplexing of uplink SRS and PUCCH. The solution is allocating the special resources (maybe continuous RBs near PUSCH for sounding the larger bandwidth) to the PUCCH users with SRS and allocating the residual resources to the PUCCH users without SRS. Moreover, the PUCCH users with SRS use the punctured structure for PUCCH transmission and the PUCCH users without SRS use the general structure for ACK/NACK transmission. By this scheme, the performance of PUCCH users without SRS is not decreased due to any impaction of these users with SRS. Single carrier property is also maintained for all users in our proposal and the PUCCH bandwidth can be sounded.
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6 Appendix

Figures 11-12 outline the ACK and SRS multiplexing structures for long CP.
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Figure 11. ACK/NAK transmission structure for long CP when large amounts of users with SRS or without SRS exist at the same time 
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Figure 12. ACK/NAK transmission structure for long CP for inter-subframe hopping when large amounts of users with SRS or without SRS exist at the same time.
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