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1 Introduction

A new WI in [1] requires support of fast SRS transmission switching to and between TDD component carrier(s) (CCs), where the CCs available for SRS transmission correspond to the CCs available for CA of PDSCH while the UE has the capability of aggregating fewer CCs for CA of PUSCH.
In RAN1 #84bis meeting, it is agreed that potential standards impacts to consider include:

· Configurations for SRS on TDD CCs without PUSCH

· SRS switching indication signaling

· FFS: RRC or L1 or both

· Collision handling

· FFS: Possible new symbol positions for SRS

· Power control for SRS on TDD CCs without PUSCH

· Timing advance for SRS on TDD CCs without PUSCH

· FFS: Which of periodic and/or aperiodic SRS is supported, and corresponding details/enhancements
This contribution considers the requirements to support power control for SRS on TDD CCs without PUSCH.
2 Consideration for Power Control for SRS on TDD CCs without PUSCH
In Rel-13, the power control formula of SRS is highly related to the PUSCH power control, by referring to 
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 is the configured UE transmit power in subframe i for serving cell 
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 is semi-statically configured by higher layers for m=0 and m=1 for serving cell 
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. For SRS transmission given trigger type 0 then m=0 and for SRS transmission given trigger type 1 then m=1. 
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 is the bandwidth of the SRS transmission in subframe i for serving cell 
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 expressed in number of resource blocks.
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 is the current PUSCH power control adjustment state for serving cell 
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 are parameters as defined for PUSCH power control for subframe 
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In this formula, 
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 could be configured with corresponding parameters associated with SRS only. However, 
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are fully dependent on PUSCH power control parameters, which are not available on a carrier when PUSCH is not supported on that carrier. These parameters need to be specified. Moreover, 
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is PUSCH power control adjustment state via TPC command and the current SRS closed loop power control follows the PUSCH power control. When there is SRS transmission supported on a carrier without PUSCH transmission, there will be no specific TPC command for such a carrier. Therefore, a solution to provide power control commands for SRS transmission for the carriers without PUSCH would also be needed.
That is, to support SRS transmission in a cell where a UE does not transmit PUSCH, new configurations are required to specify the necessary parameters for SRS power control. 
In particular, to enable SRS switched transmission in a carrier with SRS transmission but without PUSCH transmission (e.g., C1 as switched-to carrier), SRS transmission power adjustment equation can be defined as follows:
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For the related parameters, including the target received power value for SRS transmission, closed loop power control required signaling, the DCI enhancement as well as introduced RNTI, could be considered as below. 

Particularly, 
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 of switched-to carrier need to be indicated additionally if there is no PUSCH transmission in switched-to carrier. One could consider that cross-carrier indication via high layer signaling of the switching-from carrier for these parameters notification. 
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 is based on the RSRP and path loss estimation of the switched-to carrier.  In the closed-loop power control related signaling, 
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need to be indicated additionally for the closed loop control.
Proposal 1: The power control mechanism for SRS transmission in cells without configured PUSCH transmission needs to specify power control parameters for SRS transmission and closed-loop power control signaling. 
For DCI format 3/3A, a RNTI used for SRS switching oriented power control could be defined (referred as TPC-SRS-RNTI) and via this RNTI, the power control of SRS in the switched-to carrier could be indicated/activated in DCI of switching-from carrier or switched-to carrier. Enhanced DCI format, containing TPC command of delta value or absolute value notification for the SRS closed loop power adjustment could be defined, which is targeted for the switched-to carrier SRS transmission closed loop power control.  The carrier ID need be indicated when cross carrier notification is applied. Otherwise, the switched-to carrier needs to introduce this enhanced DCI format for correct SRS transmission control. The CRC parity bits of this introduced TPC command could be scrambled with the above-proposed RNTI. That is, all the additionally required information for the SRS closed-loop power control could be also included together in this SRS-switching RNTI addressed TPC information of DCI.

Proposal 2: A RNTI and an enhanced DCI format could be defined for power control, and the DCI format contains the TPC command for the closed-loop power control of SRS transmission in cells without configured PUSCH transmission. 
To address power constraints, dropping/power scaling rules could be adopted as below. They generally follow the principles of SRS dropping/power scaling rules already defined in the standards.
When SRS based carrier switching is enabled for a serving cell without PUSCH transmission, 
-
If the UE is configured with multiple TAGs and/or more than 2 serving cells, and if the SRS transmission of the UE in a symbol on subframe 
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 for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe 
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or subframe 
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 for a different serving cell in the same or another TAG, periodic SRS transmission shall be of lower priority for transmission while aperiodic SRS transmission shall be of higher priority than PUSCH but of lower priority than PUCCH with HARQ-ACK for transmission. The UE shall drop or do the power scaling for the transmission with lower priority if its total transmission power exceeds 
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on any overlapped portion of the symbol.
-
If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving cell belonging to a different TAG, PRACH transmission is of higher priority for transmission, i.e., drop SRS or do the power scaling for SRS if the total transmission power exceeds 
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on any overlapped portion in the symbol.
Proposal 3: Dropping/power scaling rules could be adopted for the power control of periodic/aperiodic SRS transmission in cells without configured PUSCH transmission. 

3 Conclusions

This contribution considers the requirements to support power control for SRS on TDD CCs without PUSCH. The following are proposed:
Proposal 1: The power control mechanism for SRS transmission in cells without configured PUSCH transmission needs to specify power control parameters for SRS transmission and closed-loop power control signaling. 

Proposal 2: A RNTI and an enhanced DCI format could be defined for power control, and the DCI format contains the TPC command for the closed-loop power control of SRS transmission in cells without configured PUSCH transmission. 
Proposal 3: Dropping/power scaling rules could be adopted for the power control of periodic/aperiodic SRS transmission in cells without configured PUSCH transmission. 
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