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1 Introduction

During RAN1#85, the following were agreed with respect to various aspects of SRS transmission on a TDD cell where a UE is not configured PUSCH transmissions.
Agreement:

· Support non-contention based PRACH transmission over SRS Scell without PUSCH

· Re-using existing procedure

· Timing advance commands are supported for SRS Scell without PUSCH

· Re-using existing procedure

· Support power control mechanism for SRS transmission in cells without configured PUSCH transmission 

· Specify power control parameters for SRS transmission without PUSCH. 

· Aim for re-using existing parameters. Details FFS 

· Specify closed-loop power control signaling. Details FFS

· Specify power headroom reports. Details FFS

· FFS specify dropping/power scaling rules. Details FFS

Agreement:
· As defined in Rel-13, for SRS carrier based switching, the SRS transmission opportunities include:

· In at least one symbol out of up to 6 symbols in a special subframe 

· In the last symbol of a UL subframe 

· Note: from UE perspective, there may be impact on SRS transmission opportunities due to switching time depending on RAN4 input

· FFS whether or not to further allow more symbol positions for SRS transmissions on a switching-to carrier in special subframes, UL subframes and/or after the control region in MBSFN subframes

This contribution the remaining FFS aspects for SRS transmission on a TDD cell without PUSCH transmissions.
2 Power Control for SRS Carrier Switching
SRS power control can be based on the Rel-13 procedure. However, SRS power control needs to be ‘stand-alone’ since it cannot be associated to PUSCH power control. The Rel-13 SRS power control formula is given below for reference.
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Separate configuration of the parameters 
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. Then, the SRS power control formula is given as  
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Proposal 1: A UE determines the SRS transmission power on a cell without configured PUSCH transmission as in Equation 2. 
When a UE is not configured to transmit PUSCH on a TDD cell where the UE is configured to transmit SRS, TPC commands can only be provided by DCI format 3/3A. A similar approach as for provided TPC values for PUCCH formats on a SCell can be followed and, for each cell where the UE is configured for SRS transmissions without having configured PUSCH transmissions, the UE is configured a corresponding location in DCI format 3/3A for a TPC command for the SRS transmission power. As for Rel-13 operation, a UE is configured by higher layers whether or not to accumulate TPC commands.
Proposal 2: For each cell where a UE is configured SRS transmission without PUSCH transmission, the UE is configured a corresponding location in DCI format 3/3A to obtain a TPC value for the SRS transmission. 

A PH report for SRS transmission in SF 
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 and on cell 
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 is determined as in Equation 3. Since same TPC values apply for P-SRS transmission and for A-SRS transmission and the eNB knows the difference between 
[image: image11.wmf])

0

(

O_SRS,c

P

 and 
[image: image12.wmf])

1

(

O_SRS,c

P

, a single PH report can be provided and can, for example, be with reference to A-SRS using 
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When a UE does not transmit P-SRS or A-SRS in SF 
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 on cell 
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, a PH report is determined as in Equation 4. 
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Proposal 3: Power headroom reports for SRS transmission in a cell without PUSCH transmission are determined as in Equation (3) or as in Equation (4). 
Power scaling rules, including dropping, when a UE is power limited can be based on Rel-13 ones. However, given the higher utilization of SRS transmissions on cells where a UE is also configured for PUSCH transmissions (SRS is used for PUSCH scheduling and for determining TA for PUSCH transmissions), power allocation to SRS transmissions on cells with configured PUSCH transmissions should be prioritized.    

Proposal 4: Power scaling rules are based on Rel-13 ones. A UE prioritizes power allocation for SRS transmissions on cells where the UE is configured PUSCH transmissions over SRS transmission on cells where the UE in not configured PUSCH transmissions. 
3 SRS Transmission Opportunities
Rel-13 supports SRS transmission in the last 1-6 symbols of a special subframe (depending on the special subframe configuration). When a network configures SRS switching among cells, the network can configure a special subframe configuration with multiple symbols where SRS can be transmitted. The SRS multiplexing capacity is relatively large even when SRS is transmitted with maximum bandwidth (e.g. 18 SRS per symbol assuming 2 combs). 
In RAN1#85 it was discussed whether or not to switch DL subframes to UL subframes for the purpose of providing additional SRS transmission opportunities. This however is contrary to the objective of SRS switching for increasing DL throughput. For example, for the typical DL-heavy UL-DL configuration 2, switching a DL subframe to an UL subframe will result to a DL throughput loss of 16.7% as the number of DL subframes is reduced from 6 to 5. The throughput loss remains high even if such switching is every 20 msec, instead of every 10 msec, for SRS transmission periodicities of 20 msec (longer periodicities are rather useless and even a 20 msec periodicity can be too long even for UEs with low mobility). For example, based on the results in [1], even for ideal channel estimation based on SRS, the DL throughput gains over realistic CSI feedback schemes are less than 10%. Therefore, it is actually important to avoid switching DL subframes to UL subframes for SRS transmissions as the objective of introducing SRS switching is to improve DL throughput on cells without configured PUSCH transmissions.
Observation 1: SRS transmission opportunities enabled in Rel-13 are sufficient to support SRS switching among cells. 
4 Conclusions

This contribution considered remaining aspects related to SRS transmissions on cells without configured PUSCH transmissions. In particular, the following are proposed. 
Proposal 1: A UE determines the SRS transmission power on a cell without configured PUSCH transmission as in Equation 2. 

Proposal 2: For each cell where a UE is configured SRS transmission without PUSCH transmission, the UE is configured a corresponding location in DCI format 3/3A to obtain a TPC value for the SRS transmission. 

Proposal 3: Power headroom reports for SRS transmission in a cell without PUSCH transmission are determined as in Equation (3) or as in Equation (4). 
Proposal 4: Power scaling rules are based on Rel-13 ones. A UE prioritizes power allocation for SRS transmissions on cells where the UE is configured PUSCH transmissions over SRS transmission on cells where the UE in not configured PUSCH transmissions. 
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