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1. Introduction
In the last RAN1 #63 meeting, simultaneous PUSCH and SRS transmission was discussed and the following cases were agreed based on [1]. 
· PUSCH + SRS, intra CC
· No simultaneous PUSCH and SRS in the same symbol from the same UE
· When aperiodic SRS is configured
· Always rate match PUSCH in cell specific SRS subframe
· Reconsider Rel-8/9 behaviour if ambiguity is solved in the SRS session
·  Otherwise,
· Same behaviour as Rel-8/9
· PUSCH + SRS, inter CCs

· Alt-1: Simultaneous PUSCH and SRS is allowed for non power limitation case 
· Alt-2: No simultaneous PUSCH and SRS is allowed
· Agreement: Alt-2 is supported for all Rel-10 UE
· Alt-1 is supported for Rel-10 if time permits
In addition, the email discussion based on [2] has been discussed to resolve the remaining case in which SRS and other uplink channels are transmitted simultaneously. In this document, we investigate these remaining cases and show our preference. 
2. Remaining issues
2.1. PUSCH + SRS, inter CCs

As Alt 2 is agreed when PUSCH and SRS happen to be transmitted in the same subframe on different CC, one remaining issue is which uplink channel, PUSCH or SRS, should be transmitted. There are two alternatives identified during offline discussion [2]. 
· Alt-1-a: 
· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC
· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
· Alt-1-b: 
· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the (activated?) CCs
Alt-1-b may result in large degradation of PUSCH throughput compared to actual benefit of sending SRS because rate matching should be applied in cell specific SRS subframe configured on any of the CCs.  Figure 1 shows the additional rate matching due to cell specific SRS subframe in CC2 when assuming the different cell specific and UE specific SRS subframe are configured. In subframe 3, the last symbol is used to transmit a UE’s own SRS in UL CC2, but in the subframe 5, the UE does not transmit any uplink signal in a last symbol. The waste of last symbol like subframe 5 would occur more frequently when cell specific SRS is not used as a UE’s own UE-specific SRS subframe. It would happen more often when a cell supports a large number of UE or when aperiodic SRS is configured. 
Meanwhile, the excessive SRS dropping causes concerns with Alt-1-a because SRS in other CCs cannot be transmitted when PUSCH is scheduled on at least one CC. In this case, if the eNB wants to trigger aperiodic SRS transmission on one CC, it could avoid scheduling PUSCH on other UL CCs in the subframe where aperiodic SRS is transmitted. However, it would restrict the scheduling flexibility, leading to degradation of overall PUSCH throughput. 
Basically, both alternatives have some limitation or restriction because it does not allow simultaneous transmission of PUSCH and SRS. If the eNB configure the same cell specific SRS subframes across multiple CCs or to overlap cell specific SRS subframes across multiple CCs as much as possible, we could avoid excessive dropping of SRS with Alt-1-a or the ease the degradation of PUSCH throughput performance with Alt-1-b. 
Alternatively, since SRS is actually transmitted in UE specific SRS subframe and both eNB and UE know the UE specific SRS subframe exactly, it is not necessary to rate match PUSCH in cell specific SRS subframe configured by other CCs.  In other words, the UE rate matches any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on the same CC and in any subframe corresponding to a UE specific SRS subframe (both periodic and aperiodic) on any of other CCs. It would reduce the degradation of PUSCH throughput especially when UE specific SRS subframe is sparse compared to cell specific SRS subframe. 
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Figure 1: Example of additional rate matching with Alt-1-b
2.2. SRS+SRS, inter CCs

Three alternatives were proposed in case where multiple SRS are configured or triggered to be transmitted in the same subframe from different CCs. 
· Alt 1: Transmit all the SRS
· Alt 2: Transmit only one SRS
· Alt 3: Drop all SRS

Due to difficulty in defining performance requirement in RAN4 for simultaneous PUSCH and SRS transmission, the agreed baseline approach is no simultaneous PUSCH and SRS transmission in Rel-10. For the similar reason, Alt 2 here should be preferable as the baseline in Rel-10. 
If Alt 2 is agreed as the baseline for SRS transmission on multiple CCs, the remaining issue to apply Alt 2 would be  which SRS should be selected among SRS on multiple UL CCs. As discussed offline, it would be reasonable to choose UL CC based on the priority. The following aspects can be considered in determining the priority. 
· Aperiodic SRS: the main motivation of aperiodic SRS is to indicate the channel response only when it is needed without the semi-static reservation of SRS resource. In this sense, aperiodic SRS is more important than periodic SRS when aperiodic SRS is triggered. Therefore, when aperiodic SRS and periodic SRS are to be transmitted in the same subframe, it would be desirable to transmit aperiodic SRS instead of periodic SRS.   
· Periodic SRS with PUSCH: Since the UE does not transmit PUSCH in UL CC unless it is scheduled, UE battery power can be saved without separate activation or deactivation for UL CCs in CA. When PUSCH is not scheduled, periodic SRS is not so important because the eNB would not schedule data traffic the corresponding UL CC. Therefore, it is desirable to transmit periodic SRS of the CC where PUSCH could be scheduled. 
If there is no corresponding case as mentioned above or there are multiple aperiodic SRS triggered, the UE could select SRS to transmit based on the simple rule like from the CC with lowest Cell Index. 

2.3. PUCCH + SRS, inter CCs

PUCCH and SRS could be configured or triggered to be transmitted in the same subframe. Similarly, there could be several alternatives to handle this scenario:
· Alt 1: Transmit PUCCH and all the SRS

· Alt 2: Transmit PUCCH and one SRS

· Alt 3: Transmit PUCCH only

With the same reason on simultaneous transmission of PUSCH and SRS, the baseline should be no simultaneous transmission PUCCH and SRS in inter CCs, namely, either the PUCCH or the SRS should be transmitted. In this sense, Alt 3 would be preferred. However, for the case that PUCCH is used to convey the CQI, it is not so sure if it is a good approach that SRS should always be dropped because both CQI and SRS are used to indicate the channel quality in downlink and uplink respectively. Especially aperiodic SRS transmission is more important than periodic CQI reporting on PUCCH, because it is triggered with PDCCH signalling with one-shot transmission when it is needed. Therefore, Alt 3 may need to be further modified for CQI+SRS case. 
· CQI + periodic SRS: either of following two alternatives is selected.
· Alt 1: Periodic SRS is dropped. 

· Alt 2: Either CQI or SRS is transmitted based on transmission periodicity, i.e. the one having the larger periodicity is transmitted. 

· CQI + aperiodic SRS: CQI is dropped and aperiodic SRS is transmitted. 
3. Conclusion

Based on discussion in Section 2, the following is recommended for handling of simultaneous SRS and other uplink channels for inter CC case. 
· PUSCH + SRS, inter CCs
· Modify Alt-1-b 
· rate matches any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on the same CC and in any subframe corresponding to a UE specific SRS subframe (both periodic and aperiodic) on any of other CCs.
· SRS+SRS, inter CCs

· Transmit only one SRS 
· Aperiodic SRS and periodic SRS with scheduled PUSCH are prioritized. Otherwise, SRS on CC having the lowest Cell Index is selected. 

· PUCCH + SRS, inter CCs

· Transmit either PUCCH or SRS

· A/N + SRS: A/N is transmitted

· CQI+ periodic SRS:  periodic SRS is dropped or the uplink channel between CQI and periodic SRS with larger period is transmitted. . 

· CQI + aperiodic SRS: CQI is dropped and aperiodic SRS is transmitted. 
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