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1. Introduction
During previous meetings, we discussed PUCCH/PUSCH and PRACH power-control and the UE behavior when the UE is power-limited [1]. However, the UE behaviour if one or two CG contains an SRS in its transmission has not yet been discussed. In this contribution, we describe our views on SRS handling and its power-control for dual connectivity (DC).
2. General principle of SRS power allocation
According to the agreements made in RAN1 so far, at least for the PUCCH/PUSCH i.e., when no SRSs are included in the transmission, DC power control can be expressed by the following 2 steps (may not be limited to the following description/procedure but the following would be a simple expression considering how it is written in the specifications).

1. UE determines the total transmit power for each CG.

· Guaranteed power for a CG is first made available for the transmissions within the CG.

· In DC power-control mode 1, the remaining power is divided and allocated according to the priority rule.

· In DC power-control mode 2, the remaining power is first made available to the earlier CG; then, the remaining power can be given to the latter CG.

2. After determining the total transmit power for each CG, the UE allocates transmit power for each transmission according to the Rel. 11 power-control rule per CG.

· If the UE is power-limited within a CG, then power-scaling and/or dropping is applied according to the Rel. 11 rule.

For the SRS, two alternatives can be considered on how to allocate the power.

Alt.1: At first the UE applies the above power allocation procedure to the PUCCH/PUSCH. Then, the remaining power is given to the SRS.

· After the above power allocation procedure for the PUCCH/PUSCH, an additional step is necessary for the SRS.

Alt.2: A UE applies the above power allocation procedure to the PUCCH/PUSCH/SRS.

· The UE determines the total transmit power per CG first, and then applies the Rel. 11 power control within each CG.

· In the first step, the SRS is also taken into account to determine the total transmit power per CG.

· In the second step, the SRS is also treated as in Rel.11 considering the maximum power per CG determined above.

In Alt.1, unless the UE is power-limited after the power allocation to the PUCCH/PUSCH, the remaining power is given to the SRS. In Alt.2, after the total power per CG is determined, Rel. 11 rule is applied; as long as the UE is power-limited within a CG, the SRS in the CG is dropped or power-scaled depending on the combination of channels/signals within the CG. Therefore, Alt.1 seems better in terms of efficiency of power utilization.

However, in the case of Alt.1, the SRS power would fluctuate depending on the results of allocating power to the PUCCH/PUSCH. Furthermore, the actual SRS transmit power can be freely determined by the UE in some cases. For example, if the UE is required to perform power-scaling on the PUSCH in a CG in the second step due to power limitation within the CG, according to the Rel. 11 procedure, it is up to the UE implementation regarding which scaling factor is chosen for the PUSCH power-scaling. Depending on the scaling factor for the PUSCH, the remaining power available for the SRS in the third step would vary. We consider that it is not desirable from the eNB viewpoint that the SRS is power scaled unexpectedly. Therefore we do not see a clear benefit of Alt. 1 over Alt. 2. Rather, Alt. 2 does not require an additional step and the same power allocation principle is applicable to the SRS as that for the PUCCH/PUSCH. Therefore, we prefer Alt. 2 
Proposal 1:
· The UE applies the same power allocation rule to the PUCCH/PUSCH/SRS.

· The UE determines the total transmit power per CG while taking into account the presence of the SRS within the CG.

· The UE applies Rel. 11 power scaling or dropping rules for PUCCH/PUSCH/SRS within each CG.

In the second step above, an additional mechanism is not necessary. In the following, we discuss the first step, i.e., how to determine the total transmit power per CG while taking into account the SRS within the CG. The following two aspects need to be clarified.

· Whether or not a guaranteed power is applicable to the SRS?
· How to define the SRS priority rule for the remaining power in DC power-control mode 1?
3. Whether or not a guaranteed power is applicable to SRS?
The interpretation of guaranteed power depends on which DC power-control mode [1] is used, where DC power-control mode 1 is for the case when the UL transmission timing difference between the MCG serving cell(s) and SCG serving cell(s) is quite short, e.g., within [33+x] us, and DC power-control mode 2 is for the case when the UL transmission timing difference between the MCG serving cell(s) and SCG serving cell(s) is longer, e.g., larger than [33+x] us, although some exceptional cases are still discussed. More specifically, in DC power-control mode 2, the UE does not know the required power for the CGs at the same timing and hence, the guaranteed power for a CG is exclusively reserved for the CG unless the UE knows there is no uplink transmission in the CG. On the other hand, in DC power-control mode 1, the UE knows the required power for the CGs at the same timing and hence, the guaranteed power for the CG is first made available to the CG but is also available for the other CG. Note that all of these agreed mechanisms are for the PUCCH/PUSCH only; no agreement has been reached if SRS is included in a CG or in both CGs.
Since RAN1 agreed that look-ahead is not applied in the case when UE applies DC power-control mode 2, as long as there is a potential uplink transmission for a CG, the guaranteed power for the CG cannot be utilized by the other. Therefore, in the DC power-control mode 2, it is natural to consider that the guaranteed power is also applicable to the SRS.
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Fig.1  Guaranteed power in DC power-control mode 2.
On the other hand, in DC power-control mode 1, a guaranteed power for a CG may be utilized by the other CG, although the utilization is limited to cases when it is available. Since the utilization of guaranteed power by the other CG is quite limited, each eNB would not expect that the guaranteed power for the other CG is usable. Considering that the eNBs would schedule uplink transmission for the UE assuming the max power of the UE is limited by the guaranteed power for the other side, even in the DC power-control mode 1, the guaranteed power should be applicable to the SRS. Rather, if the guaranteed power is not applicable to the SRS in DC power-control mode 1, the SRS is no longer reliable from the viewpoint of eNB in dual connectivity. eNBs cannot assume that the SRS is transmitted with the expected transmit power at any time. We consider that the SRS for a CG should also be protected by the guaranteed power for the CG irrespective of which DC power-control mode is used.
Proposal 2:

· Guaranteed power configured for a CG is applied to the PUCCH/PUSCH/SRS in the CG.
4. How to define SRS priority rules for the remaining power?
In DC power-control mode 1, if the UE is in power-limited, the remaining power (the power not guaranteed by either the MCG or SCG) is allocated for each transmission according to the priority order based on the UCI type. The priority order in principle follows the same order of importance in the earlier releases. Considering that the order of SRS priority is already clear (… > PUSCH without UCI > SRS) based on the earlier releases, the SRS should be included in the priority rule for the remaining power in DC power-control mode 1. 
Proposal 3:
· For the remaining power in DC power-control mode 1, the priority rule for PUCCH/PUSCH/SRS across CGs is given below.
· HARQ-ACK = SR > CSI > PUSCH without UCI > SRS
· FFS: Aperiodic SRS is prioritized over periodic SRS
· The same UCI type or signal collides, MCG gets higher priority over SCG
5. Conclusion
In this contribution we describe our views on the SRS handling and its power-control for dual connectivity. Our proposals are given below.
Proposal 1:

· The UE applies the same power allocation rule to the PUCCH/PUSCH/SRS.

· The UE determines the total transmit power per CG while taking into account the presence of the SRS within the CG.

· The UE applies Rel. 11 power scaling or dropping rules for PUCCH/PUSCH/SRS within each CG.

Proposal 2:

· Guaranteed power configured for a CG is applied to the PUCCH/PUSCH/SRS in the CG.
Proposal 3:

· For the remaining power in DC power-control mode 1, the priority rule for PUCCH/PUSCH/SRS across CGs is given below.
· HARQ-ACK = SR > CSI > PUSCH without UCI > SRS
· FFS: Aperiodic SRS is prioritized over periodic SRS

· The same UCI type or signal collides, MCG gets higher priority over SCG
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