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1. Introduction

At the RAN1#63 meeting, issues on simultaneous SRS transmissions with other UL channels was discussed. There are several remaining issues, and then an email discussion has been launched. In this contribution, we discuss simultaneous SRS transmissions according to the agenda in email discussion [1].
2. PUSCH + SRS, inter CCs
The following is the current discussion status [2]. 

· No simultaneous PUSCH and SRS is transmitted in the same SC-FDMA symbol on any CC from the same UE 
· 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 SC-FDMA 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
· Note: The “rate matching” here is intended to avoid use of the last SC-FDMA symbol of the subframe, where this is, or may be, used for SRS 
As shown in the Fig. 1, with Alt.1-a listed above, SRS is dropped if PUSCH is transmitted in the same SC-FDMA symbol on any CC from the same UE. On the other hand, with Alt.1-b listed above, PUSCH is rate matched in any subframe corresponding to a cell specific SRS subframe configured on any of the CCs. 
Our preference is Alt.1-a, because simple procedure and same behavior as intra-CC case is desirable for robustness of PUSCH transmission. In Alt.1-b, transmission of PUSCH is influenced by the SRS configurations in other CCs. For example, when the number of activated or configured CC is reconfigured, the UE has an ambiguity period during which the eNB is not sure if rate matching was applied to PUSCH by the UE. On the other hand, with Alt.1-a, transmission of PUSCH is not influenced by the SRS transmission in other CCs, because rate matching is conducted only when the cell specific SRS is configured in the subframe of the same CC, which is same rate matching procedure as the intra-CC case. Although some scheduling restriction is concerned due to avoiding SRS dropping in Alt. 1-a, cell-specific SRS subframes of all CCs can be aligned by NW so as not to drop SRS. 
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Figure 1 – Alternatives in PUSCH + SRS, inter CCs
Proposal 1: 

· In PUSCH+SRS with inter CCs, Alt. 1-a should be supported.
3. PUCCH + SRS, inter CCs

The issue is whether or not simultaneous SRS and PUCCH transmission from the same UE in the same SC-FDMA symbol but on different CCs is allowed. Note that if shortened format was originally applied to PUCCH, there could be no problem. Following alternatives could be considered.

· Alt.1: Transmit PUCCH and SRS in the same SC-FDMA symbol
· Alt.2: Transmit PUCCH only, i.e., drop SRS

Figure 2 illustrates these alternatives. Our preference is Alt. 2 because a simple behavior is desirable for PUCCH case similarly to the PUSCH case. It should be noted that NW possibly cannot control the emergence of SRS and PUCCH (or PUSCH) transmission due to dynamic nature of data scheduling unlike the SRS and SRS case which will be discussed in Sec. 4. Therefore, large power scaling may be required for SRS, if simultaneous PUCCH and SRS transmission in the same SC-FDMA symbol is allowed. This may incur a significant lack of quality for SRS.
Furthermore, regarding PUCCH shortened format, the same behavior as Rel-8/9 should be kept, that is, no shortened format for PUCCH format 2 is supported.
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Figure 2 – Alternatives in PUCCH + SRS, inter CCs
Proposal 2: 

· Simultaneous SRS and PUCCH transmission from the same UE in the same SC-FDMA symbol but on different CCs should not be allowed.
· Regarding PUCCH shortened format, keep same behavior as Rel-8/9.
4.  SRS + SRS, inter CCs
The issue is whether or not more than one simultaneous SRS transmission from the same UE on different CCs is allowed. Following alternatives could be considered as a solution. 
· Alt.1: Transmit all SRS
· Alt.2: Transmit one prioritized SRS 

· Alt.3: No SRS transmission, i.e., drop all SRSs

Figure 3 illustrates these alternatives. Our preference is Alt. 1 because this is the most straightforward way to achieve wider sounding bandwidth using one-shot SRS transmission. If not applying Alt. 1, one-shot sounding for all configured UL CCs is no longer impossible in the uplink. We note that, for the downlink, a similar functionality, i.e., aperiodic CQI reporting for all configured DL CCs, has been agreed. In Alt. 1, it is natural that an equal power scaling among CCs is applied if a UE is power limited. It is important to note that NW scheduler can control simultaneous SRS transmission, i.e., the NW could avoid that simultaneous SRS transmission is scheduled to power limited UE. Thus, unreliable unlink sounding due to large power scaling of SRS from power limited UE could be avoided. Thus, simultaneous transmission of SRS and SRS should be allowed although that of PUCCH/PUSCH and SRS is not supported.
From the RAN4 workload perspective, this issue could be treated as same as simultaneous PUSCH and PUSCH transmission which is a fundamental functionality of uplink carrier aggregation. If necessary, RAN1 could consider sending an LS to RAN4 to ask what might be the impact of the power back-off requirements during the last symbol of a subframe as mentioned in [3]. 
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Figure 3 – Alternatives in SRS + SRS, inter CCs
Proposal 3: 
· More than one simultaneous SRS transmission from the same UE on different CCs should be allowed for wide band sounding using one-shot SRS transmission.
· Equal power scaling should be applied, if a UE is power limited. Do not drop any one of scheduled SRS.
5. Conclusion

This contribution discussed issues on simultaneous SRS transmissions. Our conclusion is as follows.
Proposal 1: 

· In PUSCH+SRS with inter CCs, Alt. 1-a should be supported.
Proposal 2: 

· Simultaneous SRS and PUCCH transmission from the same UE in the same SC-FDMA symbol but on different CCs should not be allowed.
· Regarding PUCCH shortened format, keep same behavior as Rel-8/9.
Proposal 3: 

· More than one simultaneous SRS transmission from the same UE on different CCs should be allowed for wide band sounding using one-shot SRS transmission.
· Equal power scaling should be applied, if a UE is power limited. Do not drop any one of scheduled SRS.
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