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1 Introduction

The discussion on SRS based carrier switching [1] started in RAN1#84b [1-2]. This contribution discusses the power control mechanism for the SRS in SRS carrier based switching. Specifically, we discuss the open and closed loop functionalities as well as the power headroom reporting.  
2 Power control parameters for SRS transmission without PUSCH. 
2.1 Open Loop parameters 
The power equation for SRS in Rel-13 is stated in 36.213 as  
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 is the configured UE transmit power defined in [6] 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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, see subclause 5.1.1.1.
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 are parameters as defined in subclause 5.1.1.1 in 25.213 for subframe 
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The parameters 
[image: image14.wmf])

(

c

,

SRS_OFFSET

m

P

and 
[image: image15.wmf]c

SRS,

M

 are possible to configure by higher layer, even without the presence of UL channels beside SRS.  
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 is a TPC command which in legacy is related to PUSCH. For SRS based carrier switching a new TPC command dedicated to the SRS in the switched carrier must be transmitted. This is treated in section 2.2

The remaining parameters, 
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 are parameters belonging to PUSCH. In 25.213 subclause 5.1.1.1,  
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 when j=1 is defined as

[image: image20.wmf]O_PUSCH,cO_UE_PUSCH,c,2O_NOMINAL_PUSCH,c

,2

(1)(1)(1)

PPP

=+

,

Where 
[image: image21.wmf]O_UE_PUSCH,c,2

(1)

P

and 
[image: image22.wmf]O_NOMINAL_PUSCH,c,2

(1)

P

are the parameters p0-UE-PUSCH-SubframeSet2-r12 and p0-NominalPUSCH-SubframeSet2-r12 respectively, and
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is the parameter alpha-SubframeSet2-r12, all provided by higher layers for each serving cell 
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 as part of the UplinkPowerControl RRC information element.
For SRS, there are two possibilities: 
· Add a definition of the SRS power re-using the existing RRC IEs so that 
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  to replace 
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in the definition of the SRS power in the context of SRS carrier based switching. 

· Define new RRC IEs uniquely for the purpose of SRS transmission in carrier based switching. 
The choice is a joint ran1/ran2 issue. In our view, re-using existing IEs is beneficial.  
 Proposal: Discuss a recommendation to ran2 for the choice of uplink power control IEs for SRS based carrier switching. It is preferred to reused existing IEs.
2.2 Closed-loop power control signalling 
Power control commands are sent via DC formats 0 an 4. Closed loop power control for PUSCH (TPC commands) are given by
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To adapt to SRS carrier based switching, it is proposed to establish an SRS power control loop:
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New TPC bits to accommodate for the commands 
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 need to be inserted in the DCI message.  The following options are possible:
· DCI in SRS CC :Consider re-purposing PUSCH TPC bits in DCI for SRS via RRC (in the fashion of the CIF presence message in RRC to signify release 10 DCI formats). This assumes the UE will have to look for UL DCI messages in the SRS CC even if there is no UL data transmission (no PUSCH). 
· DCI in CA carrier: Add SRS TPC bits to the message, without removing anything from the current DCI content. The target of the SRS TPC bits can be signalled separately explicitly (e.g. via indicator bits or RRC signalling) or implicitly.  For example, since the SRS TPC bits are only used for SRS carrier based switching and there is only one carrier in switching at a given time, carrier assignment of the TPC comment could be deduced based on the SRS switching pattern (known by both the network and the UE).
Proposal:
The SRS in a switching carrier is power controlled using separate, additional SRS TPC bits in the PDCCH of the switching-from CA carrier.
The identity of the SRS carrier power controlled by the TPC bits is either signalled explicitly or to be deduced implicitly based on the switching configuration parameters. 

2.3 Power headroom reports   
Several companies have voiced interest in sending PHR along with SRS [3,4]. The rational being that when the UE get power limited, transmission may drop. It remains unclear to what extent the UE/eNodeB may benefit from PHR wen power limited. A power limited UE will most likely not spend its power in sounding and rather reduce its resource usage in terms of DL/UL CC. 

Proposal: clarify the need for PHR reports in SRS carrier based switching. 
3 Conclusions
This contribution presented a set of proposals to support power control for SRS carrier based switching. The following statements were made:

Proposal: 
· Discuss a recommendation to ran2 for the choice of uplink power control IEs for SRS based carrier switching
· The SRS in a switching carrier is power controlled using separate, additional SRS TPC bits in the PDCCH of the switching-from CA carrier.
· The identity of the SRS carrier power controlled by the TPC bits is either signalled explicitly or to be deduced implicitly based on the switching configuration parameters. 

· Clarify the need for PHR reports in SRS carrier based switching.  
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