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1 Introduction

In RAN1 #90bis meeting, the following agreements on SRS switching among CCs (also commonly referred as SRS carrier-based switching) were achieved:
Agreements:
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
· TA (through PRACH) on TAG without PUSCH/PUCCH configured
· Power control separated from that of PUSCH
· Group common DCI for aperiodic SRS triggering and TPC
· DL/UL interruptions and collision handling due to SRS switching
In this contribution we discuss the remaining details and provide a list of RRC parameters for SRS switching among CCs.
2 SRS switching among CCs in NR

As agreed in the last meeting, designs that are similar to Rel-14 LTE SRS carrier-based switching and directly applicable to NR should be reused in NR. Rel-14 agreements were mainly captured in [2]. For convenience, in Appendix, we list the most relevant Rel-14 agreements that can be (almost) directly reused.

In this section, we first provide a list of agreements that can be directly reusable from Rel-14 without any change in the agreements (Sec. 2.1). These agreements need not be discussed and should be considered as agreed already. Then we provide a list of agreements that can be almost directly reusable from Rel-14 but with only minor updates to account for existing designs in NR Rel-15 (Sec. 2.2). RAN1 should be able to reach agreements on this list with minimum effort. Finally, we discuss other aspects that may be changed in Rel-15. For PC/PHR, it is mostly agreed in email discussion with some FFS; refer to [6] for discussions on the FFS.
2.1 Designs directly reusable from Rel-14 LTE SRS carrier-based switching agreements without changes
The list of designs directly reusable from Rel-14 LTE SRS carrier-based switching agreements without changes is provided below. Note that in Rel-14 agreements, there are a few places with “Re-using existing procedure” or the like. This should be understood as reusing existing designs agreed elsewhere for non-SRS carrier switching related features in NR, and no additional standards effort is needed.
TA
· SRS-only CC without PUSCH needs to be configured in a TAG
· Timing advance commands are supported for SRS Scell without PUSCH
· Re-using existing procedure
· PRACH for timing on a PUSCH-less TAG
· Support all PRACH preamble formats 
· Switching-from CC: same as SRS and no additional configuration
· Switching-to CC: based on PDCCH order
· No autonomous Re-Tx of PRACH if UE does not receive RAR
· Re-transmission is achieved by monitoring PDCCH order
· Power ramping up follows the current procedure
Power control

· PC/PHR equations: follow email discussion conclusion
· TPC for SRS switching-to CC supports both accumulative and absolute mode configured by RRC

· TPC command bit interpretation: same as for PUSCH

· In the case that multiple TPC applied in the same subframe for the same CC, the UE expects the values of TPCs are the same.

· Group TPC design: same as Rel-14
· Initialization of f_c(i) after PRACH on the CC follows the existing procedure.
· Dropping/power scaling rules as existing design
Periodic and Aperiodic SRS

· Switching-from CC for a PUSCH-less CC is based on RRC configuration
· UE is not expected to switch to a deactivated CC.

· Group DCI for SRS switching
· Reuse Rel-14 design
· DL DCI formats for trigger
· Use existing design
Collision handling

Priority list:

· UE is not expected to monitor PDCCH  or to receive PDSCH when it collides with SRS switching and transmission time according to the UE’s capability

Puncturing:

· Support puncturing the first or last symbol of PUSCH when it collides with SRS switching and transmission time according to the UE’s capability

SRS flexible timing (if configured), for A-SRS triggered by DL grant:

· If colliding with A/N, postpone once to the next configured SRS transmission opportunity

Associated with the above possible agreements is the NR list of RRC parameters. A starting point of the list is the LTE Rel-14 list of parameters in R1-1613624 [3] and latest TS36.331. The list will be updated in a straightforward way according to above possible agreements and submitted to RAN1.
Proposal 1: Reuse the agreements directly reusable from Rel-14 and associated list of RRC parameters, and send an LS to RAN2/RAN4.
Note that the past agreement “RRC signalling for HARQ reference configuration same (from RAN1 perspective) as in eIMTA (but not associated with eIMTA)” is not applicable to NR and hence excluded.
2.2 Designs almost directly reusable from Rel-14 LTE SRS carrier-based switching agreements

2.2.1 SRS slot and symbol position possible agreements
Regarding the SRS subframe/symbol position and configurations, Rel-14 allows a UE to use up to all existing SRS symbols/subframes for SRS carrier switching by the same UE in the same subframe, for A-SRS and/or for P-SRS, and no new SRS opportunity is introduced. In NR, the same principle should be applicable despite that NR frame structures are changed. Also NR supports SP-SRS, and SRS carrier switching should be supported for SP-SRS. Thus we propose:
Proposal 2: For SRS opportunities in SRS carrier based switching, based on the principle in Rel-14, support that, based on network configuration and/or indication,

· A-SRS/SP-SRS/P-SRS can be transmitted by the same UE on up to all symbols usable by SRS,
· In the same slot or multiple slots, 
· On the same CC or multiple CCs.
2.2.2 Other collision handling aspects

In Rel-14, it is supported that A/N, SR, RI/PTI/CRI, PRACH > Rel-14 A-SRS > other A-periodic CSI > Rel-14 P-SRS > other CSI > Legacy SRS. This can be largely reused, with further consideration of SP-SRS, SP CSI. In draft TS 38.214, 6.2.1, it specifies:

A UE shall not transmit SRS when semi-persistent and periodic SRS are configured and happen to overlap in the same symbol with short PUCCH, or if aperiodic SRS is configured and short PUCCH consists of beam failure request; or short PUCCH shall not be transmitted when aperiodic SRS happens to overlap in the same symbol with semi-persistent or periodic short PUCCH carrying semi-persistent/periodic CSI report only.
In other words, it specifies S-PUCCH > SP/P-SRS, S-PUCCH-BFR > A-SRS > SP/P S-PUCCH with SP/P CSI.
Combining the above, the following is then proposed: 
A/N, SR, RI/PTI/CRI, PRACH, S-PUCCH-BFR > A-SRS > other A-periodic CSI > PUSCH-less SP/P-SRS > SP/P CSI > other CSI > other SRS.
Furthermore, in Rel-14, it is supported that for a UE for which SRS switching interrupts downlink reception, the UE is not expected to be configured with SRS resource(s) such that SRS switching and transmission time may collide with its PDCCH monitoring in subframe 0 or 5. In essence, it is to protect system information. In TS36.133, 8.3.1, it further requires:

The UE capable of SRS carrier based switching, when configured to perform SRS transmission and/or RACH transmission over one or more SCells without PUSCH shall meet the requirements defined in Section 8.3 provided the following condition is met:

-
at least DL subframe #0 or DL subframe #5 per radio frame is available for measurements at the UE in the measured cell.
Therefore, in LTE, sync signals and RS for RRM measurement are also protected. In NR, these are not associated with subframe 0 or 5, but the same principle can apply, i.e., to protect SS/PBCH/SIB.
To summarize, we have the following proposal:

Proposal 3: For collision handling in SRS carrier based switching, based on the principle in Rel-14, support
· A/N, SR, RI/PTI/CRI, PRACH > PUSCH-less A-SRS > other A-periodic CSI > PUSCH-less SP-SRS > SP CSI > PUSCH-less P-SRS > other CSI > other SRS

· For a UE for which SRS switching interrupts downlink reception, the UE is not expected to be configured with SRS resource(s) such that SRS switching and transmission time may collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by [SystemInformationBlockType0] or [SystemInformationBlockType1].
2.3 RF retuning time reporting

One issue that needs to be decided in RAN1 is the RF retuning time reporting values. In LTE Rel-14, the reporting time takes value in {0, 0.5, 1, …, 6.5, 7} OFDM symbol durations. For NR, the range of RF retuning times is similar ([4], [5]). There are a few options:
· Option 1: Reporting time takes values in {0, 0.5, 1, …, X} OFDM symbol durations, for a standardized numerology, e.g., 15 kHz subcarrier spacing, or corresponding to 60 kHz subcarrier spacing. The latter has finer time granularity.
· Option 2: Reporting time takes values in {0, 0.5, 1, …, X} OFDM symbol durations, for a network-configured numerology, e.g., network may specify using 15 kHz subcarrier spacing, or network may specify using 60 kHz subcarrier spacing. 
· Option 3: Reporting time takes values in {0, Y, 2Y, …, ZY} microseconds. If the quantization is chosen to be in terms of half-symbol duration , then this option becomes Option 1 or 2.
In the above options, the variables X, Y, and Z need to be standardized. As discussed in Rel-14, there are advantages reporting in terms of half-symbol durations, such as to accommodate up to half-symbol TA. In addition, if the reporting corresponds to the largest possible subcarrier spacing (shortest symbol duration), then the network/UE can also derive the interruption time for another numerology as {0, 1/4, 1/2, 3/4, 1, …} OFDM symbols or {0, 1/8, 1/4, 3/8, 1/2, …} OFDM symbols, up to 1 slot for 15 kHz. This requires at least 57 values or 6 bits. Then we propose:
Proposal 4: RF retuning time reporting is based on the number of half OFDM symbols corresponding to 60 kHz SCS for sub-6GHz and 240 kHz SCS for above 6GHz, with up to 6 bits.
2.4 SUL and SRS carrier-based switching

In Rel-15 SUL, a cell may include a SUL carrier and a non-SUL UL carrier. The two UL carriers are not two, but one, cell or component carrier. There are two cases that SUL may be related to SRS carrier-based switching: SRS “switching” between the two UL carriers of a cell, and SRS switching between a cell with SUL and another cell.

For the first case, i.e., SRS “switching” between the two UL carriers of a cell, if one of the UL carriers is not configured with PUSCH/PUCCH, it may still be configured with SRS and resemble SRS switching among CCs. Hence, some designs for SRS switching among CCs can be directly used for SUL SRS switching. The following may be reused for SUL:

· Power control of SRS on the SUL carrier without PUSCH/PUCCH

· TA of SRS on the SUL carrier without PUSCH/PUCCH, including related PRACH design

· Group-common DCI for TPC commands and possibly A-SRS

The following may not be needed for SUL:

· Switching-from carrier configuration

· RF retuning time reporting (0 microsecond as default; see [6])

· DL/UL interruptions and collision handling due to SRS switching
For the second case, i.e., SRS switching between a cell with SUL and another cell, in [7], it is proposed that a 1-bit “SC_UL_index” is used to indicate the UL or SUL in a cell, if the cell comprises two ULs. It has been agreed that SRS on the SUL and SRS on the NR UL are independently configured with separate RRC parameters. This applies to periodic SRS (P-SRS), aperiodic SRS (A-SRS), and semi-persistent SRS (SP-SRS). For P-SRS on NR SUL and NR UL, independent RRC configuration is sufficient. For A-SRS, mechanism to trigger the aperiodic SRS on NR UL and SUL from the same DL should be provided. The 1-bit SC_UL_index can be included in the DCI for triggering A-SRS. And such approach can be also used for activating and deactivating SP-SRS on NR UL and SUL. 

Proposal 5: For a serving cell with SUL, a SC_UL_index is included in the DCI for aperiodic SRS triggering and semi-persistent SRS activation/deactivation.
In LTE Rel-14, a serving cell or a component carrier (CC) only contains a DL and a UL, where the DL is TDMed or FDMed with the UL. SRS can be transmitted to obtain the downlink CSI of a TDD serving cell not configured for PUSCH/PUCCH transmission. In this scenario, RRC signalling configures the switching-from CC and switching-to CC by the cell index, where the switching-to CC is the TDD serving cell. The example RRC signalling in LTE is shown as follows:

SCellToAddMod-r10 ::=


SEQUENCE {


sCellIndex-r10





SCellIndex-r10, //switching-to CC

cellIdentification-r10



SEQUENCE {



physCellId-r10





PhysCellId,



dl-CarrierFreq-r10




ARFCN-ValueEUTRA


}















OPTIONAL,
-- Cond SCellAdd


radioResourceConfigCommonSCell-r10

RadioResourceConfigCommonSCell-r10
OPTIONAL,
-- Cond SCellAdd


radioResourceConfigDedicatedSCell-r10
RadioResourceConfigDedicatedSCell-r10
OPTIONAL,
-- Cond SCellAdd2


...,


[[
dl-CarrierFreq-v1090



ARFCN-ValueEUTRA-v9e0
OPTIONAL
-- Cond EARFCN-max


]],


[[
antennaInfoDedicatedSCell-v10i0

AntennaInfoDedicated-v10i0
OPTIONAL
-- Need ON


]],


[[
srs-SwitchFromServCellIndex-r14

INTEGER (0.. 31) OPTIONAL
-- Need ON //switching-from CC

]]

}

In NR Rel-15, a serving cell may contain one DL and two ULs (i.e. one UL and one SUL). For SRS carrier switching involving a serving cell with SUL, using serving cell index alone is not sufficient to indicate which one of the two ULs in the serving cells comprising SUL is the switching-from or switching-to UL. Thus, additional information shall be provided to the UE on the switching-from or switching-to UL. With the introduction of SC_UL_index, it is straightforward that SC_UL_index can be provided to the UE for the configuration of switching-from and switching-to UL, together with the serving cell index corresponding to the serving cell comprising SUL.  
Proposal 6: If a serving cell comprising SUL is the switching-from or switching-to cell, a 1-bit SC_UL_index is provided to UE by RRC to indicate one of the two ULs in the serving cell comprising SUL is the switching-from or the switching-to UL. 
3 Conclusions

Based the discussions above, we have the following proposals:
Proposal 1: Reuse the agreements directly reusable from Rel-14 and associated list of RRC parameters, and send an LS to RAN2/RAN4.
Proposal 2: For SRS opportunities in SRS carrier based switching, based on the principle in Rel-14, support that, based on network configuration and/or indication,

· A-SRS/SP-SRS/P-SRS can be transmitted by the same UE on up to all symbols usable by SRS,

· In the same slot or multiple slots, 
· On the same CC or multiple CCs.

Proposal 3: For collision handling in SRS carrier based switching, based on the principle in Rel-14, support
· A/N, SR, RI/PTI/CRI, PRACH > PUSCH-less A-SRS > other A-periodic CSI > PUSCH-less SP-SRS > SP CSI > PUSCH-less P-SRS > other CSI > other SRS

· For a UE for which SRS switching interrupts downlink reception, the UE is not expected to be configured with SRS resource(s) such that SRS switching and transmission time may collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by [SystemInformationBlockType0] or [SystemInformationBlockType1].
Proposal 4: RF retuning time reporting is based on the number of half OFDM symbols corresponding to 60 kHz SCS for sub-6GHz and 240 kHz SCS for above 6GHz, with up to 6 bits.
Proposal 5: For a serving cell with SUL, a SC_UL_index is included in the DCI for aperiodic SRS triggering and semi-persistent SRS activation/deactivation.

Proposal 6: If a serving cell comprising SUL is the switching-from or switching-to cell, a 1-bit SC_UL_index is provided to UE by RRC to indicate one of the two ULs in the serving cell comprising SUL is the switching-from or the switching-to UL. 
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Appendix: Agreements from Rel-14 LTE SRS carrier-based switching
SRS subframe and symbol position agreements
· 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

· SRS
· Through RRC configuration, allow SRS transmissions on more than 2 UpPTS symbols in the same subframe for the same UE, for A-SRS and P-SRS
· On the same CC or multiple CCs
· Allow more than one SRS configurations for the subframe, for A-SRS and P-SRS
· Reuse existing SRS configurations (1 or 2 UpPTS symbols per SRS configuration)
Clarification: 

· Up to 6 symbols can be used for SRS on the same CC in one UpPTS according to RRC configuration

Timing advance

· 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
· SRS-only CC without PUSCH needs to be configured in a TAG
· PRACH
· PRACH trigger and SRS trigger for a SRS-only carrier are independent
· Support all PRACH preamble formats 
· Switching for RACH
· Switching-from CC: same as SRS and no additional configuration
· Switching-to CC: based on PDCCH order
· PRACH
· No autonomous Re-Tx of PRACH if UE does not receive RAR
· Re-transmission is achieved by monitoring PDCCH order
· Power ramping up follows the current procedure
Power control
· Dropping/power scaling rules as in Rel-13
· PC parameter further clarifications: (remove subscript of SRS from f(i))
· 
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· m=0 for P-SRS and m=1 for A-SRS on a PUSCH-less CC

· PHR
· If SRS transmitted:
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· Else:
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· TPC for SRS switching-to CC supports both accumulative and absolute mode configured by RRC

· TPC command bit interpretation: same as for PUSCH

· In the case that multiple TPC applied in the same subframe for the same CC, the UE expects the values of TPCs are the same.

· Clarification: initialization of f_c(i) after PRACH on the CC follows the existing procedure but with the new power control formula for SRS.

· Type A TPC-only group DCI

· A CC group is configured via RRC signalling for Type A TPC-only group DCI

· Maximum number of CCs of a group: 8 

· Type A TPC group DCI with SRS request field

· 2 bit SRS request can trigger 1 out 3 CC groups, and the TPC commands are applied to the triggered CC group

· If no CC group is triggered, the TPC commands are applied to a CC group configured via RRC signalling

· The number of CCs in this group is no more than the maximal group size among the configured groups associated with trigger

· Totally 4 groups per DCI; update the RRC parameter list as follows
Periodic and Aperiodic SRS
· Switching-from CC for a PUSCH-less CC
· Option 1: rule(s) defined
· E.g., descending order of CC index, but a CC with higher index may be more tightly coupled with the PCell 
· Option 2: RRC configuration 
· Agreed on option 2.

Note:

· UE is not expected to switch to a deactivated CC.

· For dual connectivity case, only switching within a cell group (MCG or SCG).

· Group DCI for SRS switching
· Payload same as 0/1A/3/3A
· With 1 or more configured group RNTI for the newly introduced group DCI
· A UE can be triggered for multiple CCs within one group DCI

· Type A: A single field is used to trigger a group of (one or multiple) CCs if the UE is configured with  more than 5 CCs without PUSCH

· For all the CCs that are triggered by this field, each have a TPC field in this group DCI and the number of bits reserved is decided by the maximum group size among the configured groups

· Maximum number of CCs of a group: 8

· Type B: N fields are used to trigger up to N CCs if the UE is configured with  less than or equal to 5 CCs without PUSCH

· TPC field for each of the N CCs is also in this group DCI

· Number of bits:

· Trigger field:

· 2 bits for triggering a group of CCs (type A)

· For triggering only single CC (type B), 

· 1 bit for single UL Tx antenna without antenna switching, 

· 2 bits for multiple UL Tx antenna including antenna switching

· Per UE configured size

· TPC: UE specifically configured 1 bit or 2 bits

· Search space

· Common search space in Pcell

· Name of the new group DCI format: leave to the editor

· Also support TPC-only group DCI by not configuring the triggering field
· UE is not expected to be configured with both TPC-only group DCI and the joint TPC and A-SRS trigger group DCI
· DL DCI formats for trigger
· Reuse current DL DCI formats with SRS request field (currently 1A/2B/2C/2D) 
· 1 bit in DL DCI for SRS request
For the triggering of multiple CC from a same DCI, the ordering of SRS transmission is as follows:

· For Type A DCI, it follows the order in the RRC configuration

· For Type B DCI, it follows the order in the DCI.

The resources used for SRS transmissions when multiple SRS are triggered by the same DCI are obtained as follows:

1. The timing of the first SRS transmission (n=1) follows legacy timing.

2. For the n-th SRS transmissions, determine the first SRS resource after or at the same time as the (n-1)-th that does not collide with the 1, …, n-1 SRS transmissions (including retuning times)

Note: The SRS resources are obtained as in legacy LTE (i.e. based on A-SRS configuration).

For SRS request, the UE does not expect to receive multiple triggers in the same subframe that results in uplink transmission beyond its UL CA capability including switching time after applying priority rule

Collision handling
· RRC signalling for HARQ reference configuration same (from RAN1 perspective) as in eIMTA (but not associated with eIMTA)
Priority list:

· A/N, SR, RI/PTI/CRI, PRACH > Rel-14 A-SRS > other A-periodic CSI > Rel-14 P-SRS > other CSI > Legacy SRS

· UE is not expected to monitor PDCCH  or to receive PDSCH when it collides with SRS switching and transmission time according to the UE’s capability

· For a UE for which SRS switching interrupts downlink reception, the UE is not expected to be configured with SRS resource(s) such that SRS switching and transmission time may collide with its PDCCH monitoring in subframe 0 or 5.
Puncturing:

· Support puncturing the first or last symbol of PUSCH when it collides with SRS switching and transmission time according to the UE’s capability

SRS flexible timing (if configured), for A-SRS triggered by DL grant:

· If colliding with A/N, postpone once to the next configured SRS transmission opportunity

Note: Interruption interval on applicable CC due to SRS carrier based switching includes RF retuning time (to and from the switching to CC) and the SRS or RACH preamble transmission time. How to capture in the specifications is up to the editor.
