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1 Introduction

Support for concurrent PUSCH and PUCCH has been agreed for Rel-10 based primarily on the assumption that there is a benefit in utilizing PUCCH resources that would otherwise remain empty when UCI is included in the PUSCH, while at the same time preserving resources in the PUSCH to be used for data transmission. 
This contribution considers tradeoffs associated with concurrent PUSCH and PUCCH transmissions from a UE relative to the Rel-8 approach for TDM of UCI and data in the PUSCH. The main suggestion is that concurrent PUSCH and PUCCH transmission should not be the default mode in Rel-10 and careful consideration should be given for any potential departure from the Rel-8 UCI/data multiplexing rule in the PUSCH.
2 Considerations for Concurrent PUCCH and PUSCH
Despite the benefit of freeing up PUSCH resources for data transmission, concurrent PUSCH and PUCCH transmission has several limitations which are described in the following.
Spectral Emissions 

Simultaneous PUCCH and PUSCH transmissions would generate additional inter-modulation products in the UE transmitter chain [1]. This will necessitate a transmitter power back-off in order to meet the Rel-8 radio requirements. The inter-modulation products occur in different parts of the spectrum in-band, near-band and far-band depending on the allocations of the PUSCH/PUCCH. Therefore, simultaneous PUCCH and PUSCH transmissions should only be considered for UEs with high average SINRs (small path-loss) for which the required transmission power to meet the respective PUCCH and PUSCH BLERs is much smaller than the maximum power (by as much as about 10 dB although typical values can be around 5 dB [1]). 
Therefore, if simultaneous PUCCH and PUSCH transmissions are supported, they should be enabled on a UE-specific basis and the default should be UCI transmission in the PUSCH as in Rel-8.
UL Coverage 
Concurrent PUSCH and PUCCH transmissions can only apply for UEs that are not power limited. Due to the CM benefit of single-carrier, the UE can transmit ΔCM dB more power for TDM of UCI and data in the PUSCH than for concurrent PUCCH and PUSCH transmissions. The CM difference mainly depends on the assumed PUSCH modulation and on the number of concurrent PUSCH clusters (and whether they are in the same UL CC or in different UL CCs). 
For coverage (or interference) limited UEs which can be assumed to operate with single-carrier PUSCH transmission having QPSK as the modulation scheme, ΔCM ~=0.63 dB, assuming the same transmission power for the PUCCH and PUSCH. As it is further discussed below, this will practically never be the case and the previous ΔCM value should be considered as a lower bound. Additionally, splitting the total transmission power for concurrent PUSCH and PUCCH transmissions will be detrimental to low SINR UEs. Therefore, purely from a performance perspective, concurrent PUCCH and PUSCH transmission does not appear advantageous for power limited UEs (regardless of spectral emissions considerations). The same applies from an overhead perspective as power limited UEs are not expected to have large UCI payloads (Rel-8 operation will typically occur).

Therefore, if simultaneous PUCCH and PUSCH transmissions are supported, they should be enabled on a UE-specific basis and the default should be UCI transmission in the PUSCH as in Rel-8.
PUCCH Interference and UCI Performance 
The PUCCH is interference limited and it is not immediately clear whether the tradeoff between additional PUCCH interference versus preserving some PUSCH resources for data transmission is in favor of having UCI transmission in the PUCCH. For example, the following cases indicate that UCI transmission should be in the PUSCH:

a) For format 1a/1b, at least 42.8% of the transmission corresponds to RS overhead (46.1% if SRS is considered). This RS overhead already exists in the PUSCH and multiple RS transmissions in both the PUSCH and PUCCH are only detrimental as they create additional PUCCH interference and increase the CM. 
b) Simultaneous PUCCH and PUSCH transmissions should not be used by power limited UEs. For moderate/high SINR UEs only a few REs suffice in the PUSCH for HARQ-ACK transmission (small overhead) and channel estimation is accurate (the large RS overhead in the PUCCH is not needed – CM increase is avoided). 
c) When the eNodeB performs frequency domain scheduling (FDS), which is expected in environments where performance should be optimized (e.g. low UE speeds), the PUSCH SINR is better than the PUCCH SINR (otherwise, the PUSCH transmission can be with FH) and UCI transmission in the PUSCH is preferable.
d) For relatively large PRB allocations, the inherent frequency diversity in the PUSCH is likely to be larger than the one achievable by PUCCH transmission which is confined within 1 PRB (even though PRBs near the opposite ends of the operating BW are used in each slot).
The above further motivates having the Rel-8 approach for TDM of UCI and data in the PUSCH as the default operating mode in Rel-10.
Power Control

As the PUSCH and PUCCH power control loops are different, in case of simultaneous transmissions each power may need to be redefined when the maximum UE transmission power, Pmax, is reached. Power allocation to the UCI is then prioritized and the eNodeB scheduler can account for the reduction in PPUSCH, including the CM increase, through the appropriate selection of the data MCS. However, the data rate reduction may often be significant leading to a respective reduction in throughput. Since UEs with frequent PUCCH transmissions are also likely to have frequent PUSCH transmissions, such UEs may be subjected to significant data rate reductions. Additionally, implementation issues may need to be considered if the transmission power in the PUSCH is significantly different than the transmission power in the PUCCH (even in the same CC). This may lead to PUSCH transmissions being dropped.

Therefore, considering UL power control aspects, having TDM of UCI and data in the PUSCH provides for more robust operation than having simultaneous PUSCH and PUCCH transmissions.

Number of PUCCH transmissions

Multiple PUCCH transmissions from a UE in the UE-specific UL Primary CC (UL PCC) should also be considered. For example, due the single-carrier requirement in Rel-8, whenever the transmission of CQI and SR coincide in the same sub-frame, CQI is dropped. Although the eNodeB scheduler has full control of the transmission sub-frames for periodic UCI signals, due to different transmission periods collisions may often occur. At least when a UE has only CQI and SR transmissions in a sub-frame, concurrent CQI and SR transmissions should also be supported to avoid dropping/missing CQI reports. Depending on the HARQ-ACK transmission method, the above may also need to be extended to include HARQ-ACK and support for concurrent HARQ-ACK, SR, and CQI transmissions should be provided in Rel-10. 

3 Conclusions

This contribution considered aspects for supporting concurrent PUSCH and PUCCH transmissions in Rel-10 and proposes the following:
Proposal: Enabling simultaneous PUCCH and PUSCH transmissions is UE-specific and configured by higher layer signaling. 

Proposal: Even if simultaneous PUCCH and PUSCH transmissions are enabled, UCI can be included in the PUSCH.

Proposal: The default operating mode is UCI inclusion in the PUSCH.
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