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1 Introduction

According to [1] and the summary of email discussions on power control issues inflicted by simultaneous SRS+PUCCH/PUSCH transmissions, decisions are needed for the following scenarios [2]:
	1. PUSCH + SRS, inter CCs
· No simultaneous PUSCH and SRS is transmitted in the same 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 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
2. SRS+SRS, inter CCs
· Transmit all the SRS
· Are RF requirements likely to be available for Rel 10?

· Transmit only one SRS

· Which SRS should be transmitted?

· Priority to SRS on Pcell?

· Drop all SRS
3. PUCCH+SRS, inter CCs
· Transmit PUCCH and all the SRS
· Are RF requirements for more than one SRS likely to be available for Rel 10?

· Transmit PUCCH and one SRS

· Which SRS is transmitted?

· Apply same restrictions as for PUCCH and SRS on the same carrier (i.e. use short format or drop SRS)? 

· Transmit PUCCH only

4. PUCCH+SRS+SRS, intra+inter CCs

· Transmit PUCCH and all the SRS
· Are RF requirements for more than one SRS likely to be available for Rel 10?

· Transmit PUCCH and one SRS

· Which SRS is transmitted?

· Priority to SRS on Pcell?

5. PUCCH+PUSCH+SRS on Pcell
6. PUCCH+PUSCH on Pcell + SRS on Scell

7. Etc.


In this contribution, we aim to find a solution to the above issues and to propose a power scaling scheme, which is similar to the power scaling method for the case of PUSCH transmission without UCI, in order to tackle the power limitation issue occurring in simultaneous SRS+PUCCH/PUSCH transmissions.
2 Non-power-limited cases
In case of no power limitation, it is desirable to transmit all SRSs, since this can guarantee that the eNB is able to estimate the channel quality as accurate as possible. The basic rule to achieve this objective is to apply shortened PUCCH and rate-matched PUSCH, when SRS collides with the two on the same CC as the case of Rel-8/9. In addition, all SRSs are preferred to be transmitted on different CCs in non-power-limited cases. The main concern of such a configuration is whether the RF chain at the UE can support a peak transmitting power in the extreme case, when SRSs are configured and transmitted on all the 5 UL CCs. However, the probability of 5 UL CCs transmitting SRSs concurrently is quite low, since the periodicity of each SRS is cell-specific. Thus, the occasional pressure on the PA may not be a significant issue, if it is an issue from RAN4 perspective. Therefore, although allowing simultaneous transmissions of all SRS may impose higher requirements on RF chains (which depends on RAN4’s discussions), we consider transmitting SRSs on all CCs at a non-power-limited UE is a valid assumption.
Proposal 1: In case of non-power-limited cases, SRSs on all CCs are always transmitted. When SRS and PUCCH+/PUSCH collide in the same subframe on the same CC, shortened PUCCH and rate-matched PUSCH are applied.
Based on Proposal 1, we suggest that:

Proposal 2:  The following down-selected schemes are preferred:
1. PUSCH + SRS, inter CCs
· Alt-1-b is preferred:

· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the CCs
2. SRS+SRS, inter CCs
· Transmit all the SRS
3. PUCCH+SRS, inter CCs
· Transmit PUCCH and all the SRS
4. PUCCH+SRS+SRS, intra+inter CCs

· Transmit all the SRS, apply shortened PUCCH in the CC where PUCCH and SRS collide.
5. PUCCH+PUSCH+SRS on Pcell

· Both shortened PUCCH and rate-matched PUSCH are applied and SRS is transmitted
6. PUCCH+PUSCH on Pcell + SRS on Scell

· Transmit PUCCH+PUSCH on Pcell and all the SRS on Scell
3 Power-limited cases
Generally, there are two alternatives for the power-limited case. One alternative is known as SRS dropping, which drops one or more SRSs to ensure the power is enough for transmitting the remaining signals. This enables the eNB to correctly detect the transmitted signal with a high probability and reduces the interference to other UEs. However, a potential demerit is that the eNB may not know the exact number of transmitted SRSs, and therefore blind energy detection has to be applied [3]. This drawback can be resolved by higher layer signalling, which increases the system complexity and requires further standardisation efforts.
Another alternative is to apply power scaling methods, which scale the power of the SRSs in order to transmit all SRSs even under power-limited scenarios. Such a mechanism is implementation friendly and can be considered as a natural extension of the single-carrier Rel-8/9 schemes. When the SRS collides with PUCCH and/or PUSCH, shortened format of PUCCH and rate-matched PUSCH are applied. One may argue that the scaled power of SRS can be so low that the eNB is not able to accurately estimate the channel quality and consequently degrades the QoS. However, this does not appear to be a significant issue, since the eNB may select a lower MCS if low SINR is detected due to the scaled down transmit power, which will not cause fatal errors. Furthermore, we point out that such an SRS detection issue inflicted by power scaling is not a new problem, since it also exists in Rel-8/9. Thus, the impact from power scaling should not be worse than the case of Rel-8/9.
Proposal 3: In power-limited scenarios, power scaling is applied to all configured SRSs. When SRS and PUCCH/PUSCH collide in the same subframe on the same CC, shortened PUCCH and rate-matched PUSCH are applied.
Similar to to the case of power-limited simultaneous PUCCH+PUSCH transmissions [4], the simple equal power scaling can be readily applied to the SRS transmissions. More specifically, the equal power scaling equation for SRS transmissions can be defined as:
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where cSRS represents the CCs on which the SRS is transmitted. The weighting parameter w is a scaling factor which is shared among the CCs configured with SRS. The third term on the right-hand side of the inequality is the sum of the power of all PUSCHs without SRS transmissions.
In terms of priority, the above equation indicates that SRS has the lowest priority in power sharing among PUCCH, PUSCH and SRS. Thus, it is possible that in some cases the power of SRSs may be scaled to a small level. This raises the concern that the channel estimation would not be accurate given such a low SRS power. However, in such an extreme power-limited scenario, it is likely that CA functions would first be disabled in order to ensure minimum QoS is satisfied for the UE, implying that the scenario of multiple SRSs would not exist and the situation would then be similar to the Rel-8/9 mode, where only a single SRS is supported. In other words, the use case that the multiple SRS powers are scaled down to an intolerable level in the power-limited mode does not appear to be a typical CA scenario, or at least does not often happen.

On the other hand, even if the above scenario happens, namely multiple SRS powers are scaled down to a very low level resulting in very inaccurate channel estimation, it will become a situation comparable to the Rel-8/9 case, where the SRS-based channel estimation performance at the eNB is not good enough due to for example a large pathloss. Therefore, similar phenomenon does exist in Rel-8/9, which can be handled by the eNB anyway. In other words, it would not be worse than the Rel-8/9 case.
Proposal 4: Equal power scaling is applied to all SRSs in power-limited scenarios under simultaneous SRS and PUCCH/PUSCH transmissions: 
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4 Conclusion

In this contribution, we have discussed the power control issues on simultaneous SRS/PUCCH/PUSCH transmissions in both the non-power-limited and the power-limited cases. Our proposals are summarised as follows:
Proposal 1: In case of non-power-limited cases, SRS on different CCs are always transmitted. Once SRS and PUCCH+/PUSCH collide in the same subframe in the same CC, shortened PUCCH and rate-matched PUSCH are applied.
Proposal 2:  The following down-selected schemes are preferred:
1. PUSCH + SRS, inter CCs 
· Alt-1-b is preferred: 

· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the activated CCs
2. SRS+SRS, inter CCs
· Transmit all the SRS
3. PUCCH+SRS, inter CCs
· Transmit PUCCH and all the SRS
4. PUCCH+SRS+SRS, intra+inter CCs

· Transmit all the SRS, apply shortened PUCCH in the CC where PUCCH and SRS collide.
5. PUCCH+PUSCH+SRS on Pcell

· Both shortened PUCCH and rate-matched PUSCH are applied and SRS is transmitted
6. PUCCH+PUSCH on Pcell + SRS on Scell

· Transmit PUCCH+PUSCH on Pcell and all the SRS on Scell
Proposal 3: In power-limited scenarios, power scaling is applied to all configured SRSs. When SRS and PUCCH/PUSCH collide in the same subframe on the same CC, shortened PUCCH and rate-matched PUSCH are applied.
Proposal 4: Equal power scaling is applied to all SRSs in power-limited scenarios under simultaneous SRS and PUCCH/PUSCH transmissions: 
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