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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #97 meeting, it was agreed that:
Agreement 
At least for the case where there no legacy SRS transmission on the subframe, at least independent open loop power control of additional SRS symbols from legacy SRS symbols is supported.
· Further study the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe.
· FFS: independent closed loop
In this contribution, we discuss the power control of SRS for additional SRS symbols.
Discussion
Independent power control for additional SRS
It has been agreed in RAN1#97 that independent open loop power control of additional SRS from legacy SRS is supported, while independent close loop power control is FFS.
The purpose of SRS enhancement is to provide more SRS transmission occasions and enhance downlink transmission efficiency via channel reciprocity. However, for a UE with downlink heavy services and light uplink traffic, the uplink PUSCH transmission may not happen often. As a result, there would be no timely close loop power control for additional SRS. 
In addition, the additional SRS symbols and legacy SRS symbols may have different bandwidth and transmission durations, and they may work in different scenarios. For example, the legacy SRS symbols can be used periodically to get a coarse channel estimation, and then additional SRS symbols can be used to get a further refined channel estimation when downlink traffic is about to begin. Therefore, they would have different SINR targets, and thus they need to have independent power control. 
Proposal 1: Independent close loop power control of additional SRS symbols from legacy SRS symbols is supported.
Based on the above discussion, it is necessary to introduce a separate set of power control parameters for additional SRS from legacy SRS and the formula of additional SRS power control should be decoupled with PUSCH.
In LTE Rel-14, the power control of SRS for carriers without PUCCH/PUSCH was specified to achieve independent power control from legacy SRS and the decoupling from PUSCH as in section 5.1.3.1 of 36.213:


The setting of the UE Transmit power for the SRS transmitted on subframe i for serving cell  is defined by: 

for serving cell  with frame structure type 2, and not configured for PUSCH/PUCCH transmission

 [dBm]
Obviously, reusing such design for Rel-16 additional SRS is a simple and straightforward way to achieve independent power control. To this end, the higher layer parameters ,  and ,  can be independently configured for SRS and PUSCH. Accordingly, the power of SRS transmission can be determined by

 [dBm]     (Eq. 1)
[bookmark: OLE_LINK26]Proposal 2:  Introduce a separate set of power control parameters for additional SRS from legacy SRS.
· Higher layer parameters ,   can be independently configured for additional SRS.
Proposal 3: The formula of the additional SRS power control is decoupled with PUSCH.
· Re-use the power control mechanism defined for carriers without PUSCH/PUCCH.

TPC for additional SRS
The TPC carried in Rel-15 DCI formats are summarized in Table 1. They are discussed below considering the transmit power adjustment of additional SRS. 
Table 1. Legacy TPC signaling and usage
	TPC in the DCI
	TPC Usage 

	In UL grants
	PUSCH

	In DL grants
	PUCCH

	In DCI format 3/3A
	PUCCH and PUSCH

	In DCI format 3B
	SRS



1) The TPC of  DCI format 3B is to indicate power adjustment of SRS on the carrier without PUSCH/PUCCH configuration. Such design and the power control formula (Eq. 1) can be easily reused for the additional SRS and the specification impact is very minimal. However, DCI format 3B can only be used for carrier without PUSCH/PUCCH.
2) The TPC of the DCI format 3/3A are used to adjust transmit power of PUSCH or PUCCH, with tpc-Index configured to determine the index to the TPC command. If independent power control of additional SRS is supported, then a separate tpc-Index for additional SRS can be configured. 
3) The TPC of the UL grants is used to adjust transmit power of PUSCH. There are two cases:
· Case 1: The aperiodic additional SRS is triggered. As additional SRS is triggered, the TPC value in the corresponding DCI applies to both the additional SRS and PUSCH. Note that the power control equation of the additional SRS is still used (Eq. 1), i.e. the TPC in UL grants also apply to .
· Case 2: Additional SRS is not triggered. In this case, as no additional SRS is to be transmitted, then TPC in the UL grants do not apply to additional SRS 
4) For the DL grant, the TPC value just can be used for PUCCH as there is no additional SRS and PUCCH may have different SINR targets with additional SRS.
Based on the above analysis, the simplest and most flexible way is to use 3/3A for close loop power control of additional SRS when an additional TPC index for additional SRS is configured. Thus we have following proposal:
Proposal 4: The TPC value in the DCI format 3/3A applies to the additional SRS if the addition SRS are triggered, and a tpc-index for additional SRS is configured. FFS 0/3B/4.

Conclusions
This contribution discusses power control issue when additional SRS is configured. We have the following proposals
[bookmark: OLE_LINK27]Proposal 1: Independent close loop power control of additional SRS symbols from legacy SRS symbols is supported.
Proposal 2:  Introduce a separate set of power control parameters for additional SRS from legacy SRS.
· Higher layer parameters ,   can be independently configured for additional SRS.
Proposal 3: The formula of the additional SRS power control is decoupled with PUSCH.
· Re-use the power control mechanism defined for carriers without PUSCH/PUCCH.
Proposal 4: The TPC value in the DCI format 3/3A applies to the additional SRS if the addition SRS are triggered, and a tpc-index for additional SRS is configured. FFS 0/3B/4.
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