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1 Introduction

In RAN1 #89 meeting, the following agreements on SRS switching among CCs and bandwidth parts (BPs) were achieved:
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 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)

Agreements:
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

 Agreements:
· For NR standalone operation for a UE, 
· NR supports that the UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time in the following case:

· case of SRS carrier switching with at least one of the frequency ranges agreed for LTE-NR UL sharing by RAN4 (e.g. refer to R4-1704411)

Furthermore, in RAN1 NR AH2 meeting, another agreement regarding SRS switching was achieved:
Agreements:
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB

· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.

· In NR, PUSCH and PUCCH rely on independent closed loop power control commands from gNB

· Study aspects related SRS carrier switching

In this contribution we present further discussions on SRS switching among CCs and BPs. This contribution is a re-submission of R1-1712161.
2 SRS switching in NR

In LTE Rel-14, SRS carrier-based switching was standardized so that a UE with fewer UL CCs than DL CCs in TDD can perform sounding on possibly all TDD CCs, thus providing the network with more accurate CSI on those CCs for better beamforming in DL due to channel reciprocity. In NR, it may still be very likely that a UE simultaneously supports more DL CCs (or more DL BPs, or wider DL bandwidth) than UL CCs (or UL BPs, or UL bandwidth), due to considerations on UE UL CA capability limitation, power consumption, coexistence requirements, etc. Thus, as agreed in RAN1#89, SRS switching will be supported so that the UE can perform sounding over time on all CCs (or BPs) with DL.
In general, it is beneficial to support SRS switching for all relevant features in NR. However, given the tight schedule of Rel-15 and that some features are yet to be finalized, only some of the SRS switching support can be standardized in Rel-15 and others should be for later releases. Moreover, to facilitate the standardization progress, Rel-14 SRS switching should be reused as much as possible. Below, we first describe what can be reused from Rel-14 SRS switching for NR, then discuss some new standard support necessary in Rel-15 to address some key new additions/changes, and finally point out some potential enhancements for further study in Rel-16 and beyond. 

2.1 Baseline SRS switching framework based on Rel-14 design
In Rel-14 carrier-based SRS switching design, the following aspects were standardized [7]:
1) Periodic and aperiodic SRS on a CC without PUSCH

2) Timing advance (TA) on a CC without PUSCH

3) SRS power control on a CC without PUSCH

4) Group DCI for SRS TPC commands and optionally SRS triggers

5) SRS symbol position and related configurations

6) RF retuning time and reporting

7) Collision handling and interruptions

As we can see, this already provides a baseline SRS switching framework for NR Rel-15. Straightforward analysis can immediately show that, the main designs in above-listed 1) – 5) can be largely reused and adopted in Rel-15 with little new standard effort. For example, for TA, the main standard impact in Rel-14 included that any CC supporting SRS transmission needs to be in a TA group (TAG) with a valid TA, and PRACH may be used on some PUSCH-less CCs to acquire timing if the TAG does not have a valid TA yet. In Rel-15, similar TA-related requirements and design are also needed on all CCs/BPs involved in SRS switching. Rel-14 agreements for TA can be directly applied to Rel-15. For another example, SRS power control not relying on PUSCH power control is also necessary in Rel-15 for a PUSCH-less CC, which can mainly reuse Rel-14 design. For yet another example, the group DCI format 3B in Rel-14 can also be adopted in Rel-15 to provide similar functionalities. To summarize, most of RAN1 agreements regarding 1) – 5) in Rel-14 can be reused. For 6) and 7) above, some changes may be needed in Rel-15 and will be discussed in below subsections.

Proposal 1: Reuse Rel-14 SRS switching as baseline, including at least the designs for periodic/aperiodic SRS, TA, power control, group DCI, and SRS symbols for SRS switching.
2.2 Necessary standard support for SRS switching in Rel-15
Rel-15 NR introduced some new features or changes from LTE, some of which are relevant to SRS switching. For example, new features such as semi-persistent SRS, BPs, new frame structures, multiple numerologies, beam-based transmissions, etc., can affect SRS switching design or can be combined with SRS switching. Some of the impact has to be addressed in Rel-15, as described in this subsection, whereas others may be FFS (such as in later releases; see the next subsection). 
2.2.1 NR frame structure and impacts on SRS switching
A major change in NR is that NR has new, more flexible, and sometimes more complicated, frame structures. SRS switching support highly depends on the underlying frame structure. For example, the puncturing of leading/ending symbols of a subframe due to SRS switching depends on the frame structure, the resources for ACK/NACK depends on the frame structure, etc. For another example, the numerologies in the switching-from CC and in the switching-to CC may be different. They mainly impact DL/UL interruptions and collision handling. Therefore, these aspects need to be re-examined in NR SRS switching. This may be done after the NR frame structure is decided in 3GPP.
Proposal 2: Re-examine DL/UL interruptions and collision handling due to SRS switching in NR based on NR frame structures.
2.2.2 BP and impacts on SRS switching

Though the concept of BP is still being developed in NR, configurations and operations associated with a BP are largely similar to those associated with a CC in LTE. In particular, configurations and operations across BPs within a CC (such as scheduling, resource allocation, numerologies, etc.) are mostly decoupled among the BPs, similar to those across CCs in intra-band contiguous CA. Pending finalization of the standardization of BP, designs for CC-based SRS switching may be directly applicable/reused for BP-based SRS switching in NR by simply replacing the mentioning of “CC” with “BP”, i.e., a unified support for CC and BP for NR SRS switching may be possible. This may help reduce standardization effort. On the other hand, if BP related discussions lead to some new features quite different from LTE CA which complicates BP-based SRS switching design, SRS switching with those new BP features can be considered in later releases.
Proposal 3: Provide a unified framework applicable for both CC-based SRS switching and BP-based SRS switching in Rel-15.

2.2.3 SRS Tx beam determination

Different from LTE, SRS in NR can be beamformed, and therefore the determination of SRS Tx beam should be investigated. One straightforward way is to indicate the Tx beam of SRS for each CC/BP, which can also be adopted directly for SRS switching. For example, the beam information associated with SRS switching may be carried in a group DCI containing TPC commands and beam indexes. However, on a CC/BP without UL, there is no UL beam training, and therefore no UL beam information can be used directly. To resolve this issue, we point out the main purpose of SRS switching is to exploit UL/DL channel reciprocity, so UE beam correspondence needs to hold for SRS switching to be meaningful on the CC/BP. Therefore, Rel-15 should focus on the cases where the UE beam correspondence holds, and the SRS beam should be determined based on corresponding DL beam on the CC/BP.
For the reader’s information, the associated agreements about SRS-related beam correspondence are ([2]):

Agreements:
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

Agreements:
· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))

· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

Thus, for SRS switching, the set of agreements of “When UE beam correspondence holds” is relevant and the other set of agreements is not relevant. This should be the starting point for Rel-15 SRS switching related beam determination and specification.
Proposal 4: Support SRS switching if UE beam correspondence holds, and the SRS beam is the same as the corresponding DL beam on the CCs/BP.
2.2.4 RF retuning time and reporting

The RF retuning time is discussed in RAN4 contribution [5]. In summary, the RF retuning operations between CC pairs or BP pairs are similar to those in Rel-14, since there is fundamentally no difference in terms of hardware operations. Thus, the standard impact on RF retuning on SRS switching in NR should be similar to that in LTE. 
Note that BP-related discussions (including bandwidth adaptation) are also relevant to RF retuning time and reporting for SRS switching, see e.g., [3], [4], [5]. Overall these are similar to Rel-14 agreements, and the retuning time may be reported either in terms of half-symbol durations (for a reference numerology; FFS) or quantized µs values. A decision of the detailed reporting design can be made jointly with BP-related work.
Proposal 5: RF retuning time and impact on SRS switching are similar to those in Rel-14 SRS switching, and RF retuning time reporting can be considered jointly with BP-related work.

Finally, we’d like to point out that some new features, such as semi-persistent SRS, can be combined with SRS switching in a straightforward way with little discussions in RAN1. These can be done when Rel-15 standards are mostly stable.
2.3 Other potential enhancements FFS
2.3.1 NR UL switching and impacts on SRS switching

As seen from above and other agreements in the Chairman’s notes, NR may support BP switching and/or UL carrier switching. This may have impacts on SRS switching. For example, if the UE switches to a CC/BP for UL transmissions, SRS can be transmitted on that CC/BP without invoking SRS switching operations. This has the benefit of reduced switching overhead and may also eliminate some collisions due to SRS switching. Designs considering additional impacts of UL switching (including PUSCH and PUCCH; see [6]) on SRS switching can be studied.
Observation 1: FFS the impacts of UL switching on SRS switching.

2.3.2 SRS symbol positions and SRS subframes

In LTE, SRS can only be transmitted on either the last symbol of a UL subframe or a symbol in UpPTS of a special subframe. This can be inefficient as a SRS switching on a UL subframe may render two subframes unusable except for one or at most two symbols with SRS in those two subframes. In NR, to improve the symbol utilization efficiency, it is desirable to support SRS transmission on any symbol of a subframe. This also leads to that, SRS subframe, namely a subframe (or a slot) dedicated to SRS, may be beneficial and introduced in NR. The introduction of SRS subframe can enable that, after a SRS switching operation, a sequence of desired SRS transmissions (on different antenna ports and bandwidths, etc.) can be done before another switching is performed (such as the switching-back operation). 
Observation 2: FFS to allow SRS to be transmitted on any symbol position of a subframe at least in the switching-to CC/BP.
3 Conclusions

Based the discussions above, we have the following proposals and observations:
Proposal 1: Reuse Rel-14 SRS switching as baseline, including at least the designs for periodic/aperiodic SRS, TA, power control, group DCI, and SRS symbols for SRS switching.

Proposal 2: Re-examine DL/UL interruptions and collision handling due to SRS switching in NR based on NR frame structures.
Proposal 3: Provide a unified framework applicable for both CC-based SRS switching and BP-based SRS switching in Rel-15.

Proposal 4: Support SRS switching if UE beam correspondence holds, and the SRS beam is the same as the corresponding DL beam on the CCs/BP.
Proposal 5: RF retuning time and impact on SRS switching are similar to those in Rel-14 SRS switching, and RF retuning time reporting can be considered jointly with BP-related work.

Observation 1: FFS the impacts of UL switching on SRS switching.

Observation 2: FFS to allow SRS to be transmitted on any symbol position of a subframe at least in the switching-to CC/BP.
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