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1 Introduction

The following were agreed in RAN1#89 for wider BW operation and for carrier aggregation (CA) in NR with respect to SRS switching.
Agreements:
· Support switching between partial bands for SRS transmissions in a CC

· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 

· Consider RF retuning requirement for partial band switching

· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item

Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 

· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH

· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 

· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 

· FFS: impact on maximum number of HARQ processes 

· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers

· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N

· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
This contribution considers aspects related to fast carrier switching for SRS transmissions among carriers or BW parts.
2 Switching SRS Transmission to Different BWs 
SRS switching to different BW parts of a same BW was introduced in LTE Rel-13 for BL/CE UEs and is a simplified version of SRS switching to different carriers that was introduced in LTE Rel-14 [1, 2] as there is no need for PRACH transmission to establish timing, or for different UL power control process, or for triggering the SRS transmissions on different carriers. Also, the retuning time can be expected to be small, such as 200 sec or less. The remaining of the contribution focuses on SRS switching among different carriers.
Fast SRS switching in NR can mostly re-use the mechanisms introduced in LTE Rel-14 unless clear need/benefits are shown for introducing new mechanisms that a network and/or a UE (that also supports LTE) needs to additionally support. New designs can be minimized or avoided at least for NR Phase I. The mechanisms of LTE Rel-14 are subsequently outlined. 
Proposal 1: Aim to re-use the LTE mechanisms for fast switching among carriers or BW parts of a same carrier for SRS transmissions. 
Power Control and PHR
A power control process is introduced for SRS transmissions on every carrier where a UE can have SRS transmission regardless of whether or not the UE transmits PUSCH/PUCCH. Open-loop and closed-loop components for the power control process are separately defined per carrier (parameters for open-loop power control can be separately configured for periodic and for aperiodic SRS transmission). Two PHR types (actual, virtual) can be defined where the actual PHR is with respect to SRS transmission.   
Proposal 2: Introduce a power control process and two PHR types for SRS transmissions to switched carriers without PUCCH/PUSCH transmissions. 

Triggering
Both periodic and aperiodic SRS transmissions are supported for fast carrier switching. For periodic SRS transmissions, a carrier switching pattern is defined. TPC commands are provided by a DCI format that includes TPC commands for carriers without PUSCH/PUCCH transmissions. For aperiodic SRS transmission, a DCI format includes both SRS trigger request and TPC commands for carriers without PUSCH/PUCCH transmissions. Flexible SRS transmission timing can be supported to minimize collisions with UL transmissions on other carrier(s).

UE-group common PDCCH (GC-PDCCH) and respective contents for DCI formats are currently under discussion for NR and the above functionalities can be provided by using different RNTIs for DCI formats of GC-PDCCHs. Further, for the SRS trigger request, the design for same carrier transmission (in case of no carrier switching) can be considered for carrier switched transmission. Deactivated carriers can be skipped for periodic SRS transmissions.
Proposal 3: GC-PDCCH can provide TPC commands for periodic SRS transmissions and TPC commands and trigger requests for aperiodic SRS transmissions for fast carrier switching. 

CFRA
When a carrier for SRS transmission is not in a TAG, CFRA by PDCCH order needs to be supported. Simplifications can be considered as the RAR may not schedule PUSCH but considering the overall frequency occurrence of CFRA for SRS carrier switching, an optimization for the RAR may not be needed. The PRACH procedure can follow the general design for PRACH transmissions in NR including the supported PRACH structures, power ramping, etc. The PRACH configurations on the switched-to carrier can be informed to the UE in advance by higher layer signaling. 

Proposal 4: Support PRACH transmissions on a carrier without PUSCH/PUCCH transmissions by PDCCH order. 

Prioritizations of Transmissions
Collisions can occur due to limitations in UE capability (e.g. UE is configured to simultaneously transmit on two carriers when capable of transmitting on only one carrier) or due to retuning delays (e.g. UE may need to puncture first symbols of a configured transmission on a first carrier due to a retuning delay from a second carrier). Given the flexible transmission timing in NR, collisions due to retuning delay may be avoided by network implementation but this may not always be possible in practice (e.g. when the network operates as an LTE one or for PUCCH transmissions in NR that may not have a same flexibility for start symbol and duration as PUCCH transmissions, etc.). 
The prioritization assumed in LTE is: HARQ-ACK/SR/RI/PTI/CRI/PRACH > Switched A-SRS > other A-CSI > Switched P-SRS > other CSI > non-switched SRS. The exact prioritization of information types and the UE behavior for monitoring PDCCH or for interruptions of ongoing transmissions, if any, to perform carrier switching for SRS transmissions can be discussed once the information types and their transmission characteristics are finalized.
Observation: Prioritization of transmissions/receptions resulting from collisions due to retuning for fast carrier switching for SRS transmissions or due to UE capability limitations for simultaneous UL transmissions can be considered once the structures for UL/DL channels are finalized. 
3 Conclusions

This contribution considered aspects for fast carrier switching for SRS transmissions. In particular, the following are proposed. 
Proposal 1: Aim to re-use the LTE mechanisms for fast switching among carriers or BW parts of a same carrier for SRS transmissions. 
Proposal 2: Introduce a power control process and two PHR types for SRS transmissions to switched carriers without PUCCH/PUSCH transmissions. 

Proposal 3: GC-PDCCH can provide TPC commands for periodic SRS transmissions and TPC commands and trigger requests for aperiodic SRS transmissions for fast carrier switching. 

Proposal 4: Support PRACH transmissions on a carrier without PUSCH/PUCCH transmissions by PDCCH order. 
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