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1. Introduction

At the RAN WG1 #66bis meeting, the following issues regarding UL control signaling were identified. 
Potential UL control signalling issues for consideration include:

· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 

Aim to decide at RAN1#67 which issues to pursue, based on evaluations of the gain and the trade-off analyses, including for scenarios with >2 aggregated CCs
In this contribution, we present issues related to simultaneous PUSCH + SRS. 
2. Unintended Simultaneous Transmission Due to Multiple TA
As described in [1], we see some problems in applying Multiple TA in Rel-11. As shown in Fig. 1, it is not possible to align the transmission timing among CCs in different TA groups (TAG). This timing misalignment among CCs may cause inconsistent UL CA transmission within a subframe due to partially overlapped symbol. Therefore, the impact of the UL simultaneous transmission on the overlapped symbol should be clarified in order to maintain accurate UL CA operations. In this respect, all other UL channel combinations in addition to PUSCH + SRS should be subject to the study. 
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Figure 1 – UL transmission timing with different TAGs
One major concern regarding this issue would be the inconsistency in transmission power within a subframe. Fig. 2 shows an example of an UL CA transmission when applying multiple TA. In the case of intra-band CA with contiguous transmission, e.g., utilizing a single RF unit, the transmission power may fluctuate more frequently than the duration of one subframe according to the UL channel combination around the subframe. Consequently, the power fluctuation may require a transient period within the subframe [2]. On the other hand, it may be possible to prevent the power fluctuation per RF unit during a subframe period for inter-band CA scenarios employing multiple RF units unless the total power reaches the UE maximum output power, e.g., Pcmax. However, when the UE reaches Pcmax, each RF unit may require a transient period for both inter-band CA and intra-band CA scenarios. To make matters worse, the demodulation performance of each UL channel may also be degraded due to the power inconsistency per carrier during the subframe. Therefore, possible unintended simultaneous transmissions due to multiple TA should be investigated for accurate UL CA operation in Rel-11.
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Figure 2 – Tx power fluctuation due to inconsistent UL simultaneous transmission

Observation 1: Impact of unintended simultaneous transmission over the timing gap among CCs due to multiple TA should be investigated for accurate UL CA operation in Rel-11.
3. Possible Standardization Impact
Regarding the issues on partial simultaneous transmission, it may be possible for intelligent network implementation to allocate UL CA channels so that unintended simultaneous transmissions are prevented. In this case, scheduling restriction is required to some extent. Thus, UE behavior should also be specified to avoid ambiguity when the network allocates simultaneous transmissions over the timing gap. 
If simultaneous transmissions over the overlapped symbol are allowed, RAN1 may need to support what is not specified in Rel-10, e.g., PUSCH + SRS and PUCCH + SRS. Then, the max power scaling rule for all UL channel combinations should be specified and RAN1 should also clarify the MPR value used for PHR calculations.
Meanwhile, if such unintended simultaneous transmissions are to be avoided, some rules to maintain consistent UL CA transmission within each subframe would be necessary. In this case, rules regarding the dropping of some UL channels or puncturing and a rate matching the PUSCH could be considered as candidate solutions as shown in Table I. In order to protect control information related channels, PCell transmissions would be basically prioritized. 

Table I: Example rule to avoid unintended simultaneous transmissions
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As a result of the RAN2 decision on the PRACH on the SCell for supporting multiple TA, simultaneous transmission with the PRACH may be studied in addition to a combination with the other UL channels. In this respect, power scaling and simultaneous transmission schemes for the PRACH are discussed in [3], [4]. RAN1 needs to discuss this issue in association with the unintended simultaneous transmission issues. At this stage however, the details regarding the RACH procedure on the SCell have not yet been completed and additional consideration regarding the PRACH is needed because the PRACH preamble can span across more than one subframe depending on the PRACH preamble configuration, i.e., the PRACH can overlap different channels at different subframes over the duration. Therefore, this aspect should be carefully investigated later.
Observation 2: UE behavior should be specified to avoid ambiguity when the network allocates simultaneous transmissions over the timing gap.
4. Conclusion

In this contribution, possible UL CA issues due to the introduction of multiple TA are presented. Further discussion is required.
Observation 1: Impact of unintended simultaneous transmission over the timing gap among CCs due to multiple TA should be investigated for accurate UL CA operation in Rel-11.

Observation 2: UE behavior should be specified to avoid ambiguity when the network allocates simultaneous transmissions over the timing gap.
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