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1 Introduction
In LTE, SRS power control is based on PUSCH power control. For a DL-only SCell, there is no PUSCH transmission [1] and this poses the need to define the rules for power control and converying UL TPC commands for SRS transmission. 
During the RAN1#85 meeting, there were agreements on the basic principles of power control for SRS transmission on DL-only CC [2]. This contribution discusses the further details of power control and the need for new symbols for SRS transmission on cells where the UE is not configured with PUSCH/PUCCH transmission. 
2. Discussion
2.1 Power control   
As of Rel-13, the UE sets its transmission power on SRS according to the standardized power control formula [3]
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Basically, the SRS transmission power is determined from the PUSCH PSD by compensating for the exact BW of the SRS transmission and applying an additional power offset. Due to lack of PUSCH transmission on the CCs, one issue that was raised in the last meeting is how to control SRS transmission power on them. 

The open-loop parameters (e.g., P0 and SRS offset) can be simply replaced by PUSCH independent parameters with a wider range in a straightforward manner. It remains to be configured by RRC signaling based on the target of received power or SNR. Simliarly to current LTE, the initial value fc(0) can be obtained leveraging the PDCCH ordered CFRA procedure.

Proposal 1: A UE is configured with a separate PO_SRS, c for SRS transmission on a CC without PUSCH. 
Another aspect to consider is how to transmit the closed-loop power control commands. One approach is to use the DL DCI format transmitted on the same SRS CC (e.g., CC2 or CC3 in FIG.1). Note that the TPC field in the DCI formats on SCell already serve another purpose - indicating one of the PUCCH resources for HARQ-ACK feedback (i.e., ARI). Another possible candidate solution is to consider a DCI format 3/3A based power control mechanism, which is also beneficial when there are long periods of time when PDSCH is not transmitted on the CC (e.g., CC2 in FIG.1) where the SRS is transmitted. 

In order to distinguish DCI format 3/3A TPC commands intended for PCell PUCCH/PUSCH, SCell PUCCH and SRS, TPC commands for SRS on CCs can be provided by configuring a UE with an SRS-specific TPC-RNTI for DCI Format 3/3A. Alternatively, it can be realized by configuring a UE with additional tpc-index values to indicate which TPC commands in DCI Format 3/3A is meant for the respective CC(s). 

Propsoal 2: Consider using DL DCI format on SRS CCs or DCI format 3/3A on PCell for SRS power control. 
2.2 Power headroom 
It has been agreed that Power Headroom Report (PHR) for DL-only CC is supported to assist the scheduler in the selection of a combination of PUSCH and SRS transmissions that do not lead to the UE being power limited. As there is no actual PUSCH transmission on the DL-only CC, type-1 power headroom can be computed with respect to SRS transmission as follows: 
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 can be configured by higher layers for DL-only serving cell c in a UE-specific manner. 
Proposal 3: Adopt the SRS PH specific formula in (1) for PHR report.  
2.3 Transmission symbols

In RAN1#85, it was agreed that SRS transmission opportunities include at least one symbol out of up to 6 symbols in a special subframe and in the last symbol of a UL subframe. One issue to be discussed is whether to allow more symbol positions for SRS transmissions on a switching-to carrier in special subframes, UL subframes and/or MBSFN subframes. 
The need for additional symbol positions for SRS transmission is highly depenent on how long interruption time is introduced by the switching time. If the switching time is small, e.g., on the order of an SC-OFDMA symbol length or more (e.g., 100us) [4], it is worth supporting more than one symbols in a special subframe across CCs in order to minimize the impact of SRS switching interruption. As illustrated in FIG.1, symbols #8 and #11 within a special subframe can be configured for SRS switching across SW-To CC1 and SW-To CC2, respectively, so that the efficiency of SRS CC-based switching can be improved. 
Proposal 4:  Support a multiple symbols configuration in a special subframe across CCs for SRS CC-based switching.

[image: image7.emf]SW-To CC1

SW-To CC2

SW-From CC0

Special Subframe

SRS symbol

Symbol index

9 10 11 12 13 8

Switching time


Figure 1: SRS CC-based switching using multiple SRS symbols cross CCs.

3. Conclusions
In this document, we discuss details for SRS power control on CCs where no PUSCH is transmitted. It is proposed that RAN1 discusses and agrees the following proposals: 
Proposal 1: A UE is configured with a separate PO_SRS, c for SRS transmission on a CC without PUSCH. 
Propsoal 2: Consider using DL DCI format on SRS CCs or DCI format 3/3A on PCell for SRS power control. 
Proposal 3: Adopt the SRS PH specific formula in (1) for PHR report.  

Proposal 4:  Support a multiple symbols configuration in a special subframe across CCs for SRS CC-based switching.
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