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1. Introduction
Although simultaneous PUSCH and PUCCH transmission could be supported in Rel-10, it is still beneficial to transmit UCI on PUSCH resource similar as specified in Rel-8 because large power back-off due to the inter-modulation could impose concerns for simultaneous transmission of PUSCH and PUCCH [1]. Therefore, to support UCI transmission on PUSCH in case of carrier aggregation, the same operation as Rel-8 can be reused. However, since multiple PUSCHs can be scheduled when carrier aggregation is supported in Rel-10, it is necessary to discuss how to configure UCI transmission on PUCCH or PUSCH and how to transmit UCI over multiple PUSCHs when UCI is transmitted with UL-SCH data. 
2. Configuration of UCI transmission
As mentioned above, in Rel-10, two transmission methods could be used to transmit UCI when UL-SCH data and UCI are transmitted together.
· Method 1: UCI is transmitted on the scheduled PUSCH resource and multiplexed with UL-SCH data.
· Method 2: UCI is transmitted in PUCCH, and PUCCH and PUSCH are simultaneously transmitted. 
The eNB could simply configure to use either method 1 or method 2 and corresponding configured method can be applied when UCI and UL-SCH data are simultaneously transmitted regardless of the number of PUSCHs scheduled. However, there may be two other aspects needs to be taken into account. 
· PUCCH resource could be wasted if UCI is transmitted over PUSCH resource. In Rel-8, PUCCH resource is linked to CCE index for dynamic scheduling and semi-statically configured for semi-persistent scheduling. In Rel-10, although a number of approaches have been proposed, it would be difficult to configure PUCCH resource fully dynamically no matter whether or not UL-SCH data is transmitted due to the limitation of physical signaling. The waste of PUCCH resource could become more significant and non-negligible when the number of DL CCs to be supported is increased.  
· Large power back-off would be required when PUSCH and PUCCH are simultaneously transmitted within one carrier or from one PA. If PUCCH and PUSCH are simultaneously transmitted in different carriers or from different PAs, the large power back-off would not be required. Therefore, in some cases where UE transmission can meet the radio requirement, simultaneous PUSCH and PUCCH transmission can be used.  
If the waste of PUCCH resource becomes so severe due to UCI transmission on PUSCH, certain UL CCs can be configured to transmit UCI on PUSCH, while other UL CCs can be configured to transmit PUSCH and PUCCH simultaneously as proposed in [2]. This approach would improve the PUCHC resource utilization while avoiding  large transmit power back-off.
3. UCI transmission with multiple PUSCHs 
In carrier aggregation, multiple PUSCHs can be scheduled in the same subframe to increase uplink data peak rate. In this case, it should be configured or predefined which PUSCH CC should be used to transmit UCI if it is configured to transmit UCI over PUSCH. Otherwise, the eNB should perform the blind detection of UCI location, which might be complicated at the eNB side. 
There are two possible ways to define which PUSCH could be used to transmit UCI 

· Approach 1:  UCI is transmitted on a single scheduled PUSCH. This single PUSCH can be a PUSCH scheduled on UL Primary Component Carrier (PCC). In case when UL PCC is not scheduled, any scheduled UL CC can be selected to transmit UCI. 
· This is simple compared to distribute UCI over multiple PUSCHs. One issue is that puncturing loss of PUSCH by UCI may be severe if the amount of UCI transmitted is large. With HARQ retransmission, the performance degradation due to puncturing loss can be recovered. However, the increased numbers of retransmission would not be desirable for the delay-sensitive traffic e.g VoIP, SRB, MAC CE.
· Approach 2: UCI is distributed and transmitted over multiple scheduled PUSCHs. 
· UCI could be divided and transmitted over a number of PUSCHs or the same UCI can be transmitted over all PUSCHs. In either case, the number of encoded symbols for UCI transmission will vary depending on the number of PUSCHs.  It may require the modification of the current equation to calculate the encoded number of symbols. However, compared to approach 1, transmitting UCI over multiple PUSCHs would experience relatively small amount of puncturing such that the puncturing loss on PUSCH could become small.
· Prioritization in power scaling: in RAN1 #60bis meeting, it was agreed that PUSCH with UCI should be prioritized than PUSCH without UCI on power scaling when transmit power should be scaled down due to power limited situation. If UCI is distributed and transmitted over multiple PUSCH e.g, over all scheduled PUSCH, there is not much meaning to prioritize PUSCH with UCI with power scaling. In addition, the reliability of UCI signaling may not be guaranteed in the power limited situation.  
Based on above comparison and analysis, transmitting UCI on one PUSCH would be simple and efficient compared with transmitting UCI distributively over multiple PUSCHs. However, it should be further investigated to ensure that the puncturing loss should not degrade too much the UL-SCH data service especially on those delay-sensitive data service when a large amount of UCI needs to be transmitted. 
4. Conclusion

In this document, we discussed some issues about UCI transmission in the presence of UL-SCH data, especially when multiple PUSCHs are scheduled in carrier aggregations. Based on the discussion, the followings observations could be made. 
· If the waste of PUCCH resource is too severe due to UCI transmission over PUSCH, certain UL CCs can be configured to transmit UCI on PUSCH, while other UL CCs can be configured to transmit UCI on PUCCH, and transmit PUSCH and PUCCH simultaneously.
· Transmitting UCI on a single PUSCH would be a simple and efficient solution as compared with transmitting UCI distributively over multiple PUSCHs. 
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