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Document for: Information
1. List in the chronological order 
<RAN1 #84bis>
R1-162770
[DRAFT] LS on SRS carrier switching interruption time
Ericsson

Approved in R1-163453 with the following changes:

RAN1 expects that there will be changes to the interruption time requirements due to the introduction of SRS carrier based switching and would like RAN4 to:

·  RF retuning time and interruption time (in terms of µs rather than subframes) due to SRS carrier based switching considering Inter-band CA, Intra-band CA and combination of intra- and inter-band CA
· Inform RAN1 whether it is possible to apply SRS based carrier based switching between any carriers 
· Study Inform RAN1 whether there is any impact to DL reception in the UE due to the application of SRS carrier based switching 
Note that since the feature is intended to support reciprocity based channel estimation, the antenna or antennas used for SRS switching should be the same as used for DL reception on the given CC.

R1-163453
1. Overall Description:

RAN1 has done initial discussions on the work item of SRS Carrier based Switching for LTE. RAN1 has identified that the required interruption time when applying SRS carrier based switching between the configured carriers has a significant impact on the design for FS2 and FS3. Further RAN1 has identified that the interruption times as of Rel-13 is given in TS 36.133 in section 7.8. 

RAN1 expects that there will be changes to the interruption time requirements due to the introduction of SRS carrier based switching and would like RAN4 to:

· Provide the applicable RF retuning time and interruption time (in terms of µs rather than subframes) due to SRS carrier based switching considering
· Inter-band CA, Intra-band CA and combination of intra- and inter-band CA
· Inform RAN1 whether it is possible to apply SRS based carrier based switching between any carriers 
· Inform RAN1 whether there is any impact to DL reception in the UE due to the application of SRS carrier based switching 
Note that since the feature is intended to support reciprocity based channel estimation, the antenna or antennas used for SRS switching should be the same as used for DL reception on the given CC.

Agreement:

 Design Principles for SRS carrier based switching:

· SRS carrier based switching support should follow these general guidelines:

· Applicable for deployment scenarios that have a TDD CC without the capability to have the corresponding UL CC configured

· FFS: For eIMTA 

· Strive to reduce negative impacts on other transmissions and reception, especially UCI 

· Take into consideration switching times 

Agreements:

· SRS switching solution(s) should be applicable to any TDD UL-DL configurations and special subframe configurations.

· SRS switching solution(s) should be applicable to any combination of UL-DL and special subframe configurations among CCs that are not prevented for other reasons 

· The solution should not require to introduce any new TDD UL-DL configuration or special subframe configuration 
Conclusions: 

Potential standards impacts to consider include:

· Configurations for SRS on TDD CCs without PUSCH

· SRS switching indication signaling

· FFS: RRC or L1 or both

· Collision handling

· FFS: Possible new symbol positions for SRS

· Power control for SRS on TDD CCs without PUSCH

· Timing advance for SRS on TDD CCs without PUSCH

· FFS: Which of periodic and/or aperiodic SRS is supported, and corresponding details/enhancements

<RAN1 #85>
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
Agreement:
· Aperiodic SRS on a CC without PUSCH is supported for SRS carrier-based switching

· Details FFS

· Periodic SRS on a CC without PUSCH is supported for SRS carrier-based switching

· Details FFS


· Strive for minimizing additional complexity (w.r.t. A-SRS), if any, and additional specification impact for supporting P-SRS

Agreement:
· To handle collision due to SRS carrier-based switching

· Define priority/dropping rules by taking into account the factors including periodic/aperiodic SRS type, channel/UCI type, and PCell/SCell type

· Rel-13 collision handling rules between SRS and other UL transmissions as baseline, taking into account switching time based on input from RAN4

· Details FFS

· FFS shortened PUSCH format and possible mechanisms to mitigate the effect of puncturing (e.g. power control, different beta value for UCI).

· FFS approaches to help avoid collision, e.g.,

· Introduction of different HARQ timing (e.g. by introduction of HARQ reference subframes)

· Introduction of flexible A-SRS transmission timing

· Group DCI for A-SRS triggering

<RAN1 #86>
Agreements:

· No consensus to support in Rel-14 new SRS symbol position in addition to already agreed ones.

Agreements:

· PC parameters
· Configure open loop parameters Po and alpha for SRS-only CC
· No need to have P_SRS_offset
· Down selection from TPC command options:
· Option 1: by UL grant DCI 0/4 (with cross-carrier indication)
· Option 2: by DL DCI (with cross-carrier indication)
· Option 3: by group DCI
· Adopt Option 3 and only apply to SRS-only CC without PUSCH
· Joint group DCI for triggering and TPC
· FFS: Number of bits for each UE and the meaning for the states of the field
· Introduce RNTI for the group
· Support 2 types of PHR as in Rel-13 
· Details FFS
· Dropping/power scaling rules as in Rel-13
Agreements:

· 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 
Agreements:

· For A-SRS, trigger is carried in:

· DL scheduling DCI and group DCI

· Group DCI is only used for SRS-only CC without PUSCH

· In addition to all existing parameter configurations
· In case the UE supports multiple switching-from CCs, selected by
· Option 1: rule(s) defined
· Option 2: RRC configuration
Agreements:

· UE reports the switching time/interruption time for SRS switching

· FFS: Per band-pair or Per CC-pair

· FFS: set of potential values

Agreements:

· R14 SRS switching supports RF retuning time no longer than X us

· Option 1: X = 200

· Option 2: X = 300

· Option 3: X = 500

· Option 4: X = 900

Agreements:

· Send LS to RAN4 and RAN2 with the agreements achieved during this meeting

R1-168470
Draft LS for SRS Carrier-Based Switching
Huawei

Agreed in R1-168556
<RAN1 #86bis>
Agreement:

· Send LS with agreements and RRC parameters to RAN2 and RAN4.

· Content of LS and RRC parameters to be discussed.
R1-1611009
Draft LS for SRS Carrier-Based Switching Agreements
Huawei

Agreed in R1-1611049
R1-1611042
Draft LS on L1 parameters for SRS Carrier-Based Switching
Huawei

Agreed in R1-1611050
Agreement: 

· 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).

Agreement:

· UE may report RF retuning time no longer than X us

· Option 1: X = 200

· Option 2: X = 300

· Option 3: X = 500

· Option 4: X = 900

· Adopt Option 3

Agreement:

· Switching for RACH
· Switching-from CC: same as SRS and no additional configuration
· Switching-to CC: based on PDCCH order
Agreement:
· 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

Agreement:

· PHR
· If SRS transmitted:
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· Else:
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· 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)
Agreement:

· 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
Agreement: 

· 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
Agreement:

· RRC signalling for HARQ reference configuration same (from RAN1 perspective) as in eIMTA (but not associated with eIMTA)
· Working assumption: RRC configure whether SRS flexible timing applies. No timing ambiguity between eNB and UE for SRS transmission is allowed. Details FFS.

2. List by topics 
2.1. High-level agreements
<RAN1 #84bis>
Agreement:

 Design Principles for SRS carrier based switching:

· SRS carrier based switching support should follow these general guidelines:

· Applicable for deployment scenarios that have a TDD CC without the capability to have the corresponding UL CC configured

· FFS: For eIMTA 

· Strive to reduce negative impacts on other transmissions and reception, especially UCI 

· Take into consideration switching times 

Agreements:

· SRS switching solution(s) should be applicable to any TDD UL-DL configurations and special subframe configurations.

· SRS switching solution(s) should be applicable to any combination of UL-DL and special subframe configurations among CCs that are not prevented for other reasons 

· The solution should not require to introduce any new TDD UL-DL configuration or special subframe configuration 
Conclusions: 

Potential standards impacts to consider include:

· Configurations for SRS on TDD CCs without PUSCH

· SRS switching indication signaling

· FFS: RRC or L1 or both

· Collision handling

· FFS: Possible new symbol positions for SRS

· Power control for SRS on TDD CCs without PUSCH

· Timing advance for SRS on TDD CCs without PUSCH

· FFS: Which of periodic and/or aperiodic SRS is supported, and corresponding details/enhancements

<RAN1 #86>
R1-168470
Draft LS for SRS Carrier-Based Switching
Huawei

Agreed in R1-168556
<RAN1 #86bis>
Agreement:

· Send LS with agreements and RRC parameters to RAN2 and RAN4.

· Content of LS and RRC parameters to be discussed.
R1-1611009
Draft LS for SRS Carrier-Based Switching Agreements
Huawei

Agreed in R1-1611049
R1-1611042
Draft LS on L1 parameters for SRS Carrier-Based Switching
Huawei

Agreed in R1-1611050
2.2. Switching time agreements
<RAN1 #84bis>
R1-162770
[DRAFT] LS on SRS carrier switching interruption time
Ericsson

Approved in R1-163453 with the following changes:

RAN1 expects that there will be changes to the interruption time requirements due to the introduction of SRS carrier based switching and would like RAN4 to:

·  RF retuning time and interruption time (in terms of µs rather than subframes) due to SRS carrier based switching considering Inter-band CA, Intra-band CA and combination of intra- and inter-band CA
· Inform RAN1 whether it is possible to apply SRS based carrier based switching between any carriers 
· Study Inform RAN1 whether there is any impact to DL reception in the UE due to the application of SRS carrier based switching 
Note that since the feature is intended to support reciprocity based channel estimation, the antenna or antennas used for SRS switching should be the same as used for DL reception on the given CC.

R1-163453
1. Overall Description:

RAN1 has done initial discussions on the work item of SRS Carrier based Switching for LTE. RAN1 has identified that the required interruption time when applying SRS carrier based switching between the configured carriers has a significant impact on the design for FS2 and FS3. Further RAN1 has identified that the interruption times as of Rel-13 is given in TS 36.133 in section 7.8. 

RAN1 expects that there will be changes to the interruption time requirements due to the introduction of SRS carrier based switching and would like RAN4 to:

· Provide the applicable RF retuning time and interruption time (in terms of µs rather than subframes) due to SRS carrier based switching considering
· Inter-band CA, Intra-band CA and combination of intra- and inter-band CA
· Inform RAN1 whether it is possible to apply SRS based carrier based switching between any carriers 
· Inform RAN1 whether there is any impact to DL reception in the UE due to the application of SRS carrier based switching 
Note that since the feature is intended to support reciprocity based channel estimation, the antenna or antennas used for SRS switching should be the same as used for DL reception on the given CC.

<RAN1 #86>
Agreements:

· UE reports the switching time/interruption time for SRS switching

· FFS: Per band-pair or Per CC-pair

· FFS: set of potential values

Agreements:

· R14 SRS switching supports RF retuning time no longer than X us

· Option 1: X = 200

· Option 2: X = 300

· Option 3: X = 500

· Option 4: X = 900

Agreements:

· Send LS to RAN4 and RAN2 with the agreements achieved during this meeting

<RAN1 #86bis>

Agreement:

· UE may report RF retuning time no longer than X us

· Option 1: X = 200

· Option 2: X = 300

· Option 3: X = 500

· Option 4: X = 900

· Adopt Option 3

2.3. SRS subframe and symbol position agreements
<RAN1 #85>
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
<RAN1 #86>
Agreements:

· No consensus to support in Rel-14 new SRS symbol position in addition to already agreed ones.

2.4. Power control
<RAN1 #85>
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
<RAN1 #86>
Agreements:

· PC parameters
· Configure open loop parameters Po and alpha for SRS-only CC
· No need to have P_SRS_offset
· Down selection from TPC command options:
· Option 1: by UL grant DCI 0/4 (with cross-carrier indication)
· Option 2: by DL DCI (with cross-carrier indication)
· Option 3: by group DCI
· Adopt Option 3 and only apply to SRS-only CC without PUSCH
· Joint group DCI for triggering and TPC
· FFS: Number of bits for each UE and the meaning for the states of the field
· Introduce RNTI for the group
· Support 2 types of PHR as in Rel-13 
· Details FFS
· Dropping/power scaling rules as in Rel-13
<RAN1 #86bis>
Agreement:
· 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

Agreement:

· PHR
· If SRS transmitted:
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· Else:
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2.5. Timing advance
<RAN1 #85>
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
<RAN1 #86>
Agreements:

· 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 
<RAN1 #86bis>
Agreement:

· Switching for RACH
· Switching-from CC: same as SRS and no additional configuration
· Switching-to CC: based on PDCCH order
Agreement:

· 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
2.6. Periodic and Aperiodic SRS

<RAN1 #85>
Agreement:
· Aperiodic SRS on a CC without PUSCH is supported for SRS carrier-based switching

· Details FFS

· Periodic SRS on a CC without PUSCH is supported for SRS carrier-based switching

· Details FFS


· Strive for minimizing additional complexity (w.r.t. A-SRS), if any, and additional specification impact for supporting P-SRS

<RAN1 #86>
Agreements:

· For A-SRS, trigger is carried in:

· DL scheduling DCI and group DCI

· Group DCI is only used for SRS-only CC without PUSCH

· In addition to all existing parameter configurations
· In case the UE supports multiple switching-from CCs, selected by
· Option 1: rule(s) defined
· Option 2: RRC configuration
<RAN1 #86bis>

Agreement: 

· 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).

· 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)
Agreement: 

· 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
2.7. Collision handling

<RAN1 #86>
Agreement:
· To handle collision due to SRS carrier-based switching

· Define priority/dropping rules by taking into account the factors including periodic/aperiodic SRS type, channel/UCI type, and PCell/SCell type

· Rel-13 collision handling rules between SRS and other UL transmissions as baseline, taking into account switching time based on input from RAN4

· Details FFS

· FFS shortened PUSCH format and possible mechanisms to mitigate the effect of puncturing (e.g. power control, different beta value for UCI).

· FFS approaches to help avoid collision, e.g.,

· Introduction of different HARQ timing (e.g. by introduction of HARQ reference subframes)

· Introduction of flexible A-SRS transmission timing

· Group DCI for A-SRS triggering

<RAN1 #86bis>
Agreement:

· RRC signalling for HARQ reference configuration same (from RAN1 perspective) as in eIMTA (but not associated with eIMTA)
· Working assumption: RRC configure whether SRS flexible timing applies. No timing ambiguity between eNB and UE for SRS transmission is allowed. Details FFS.

2.8. Others
<RAN1 #86>
Agreements:

· Support SRS from each of the multiple antennas with carrier switching for periodic and aperiodic SRS
· For 2 antenna cases, supported if UE is capable of UL 2x2 MIMO or 2 antenna switching

· For 4 antenna cases, supported if UE is capable of UL 4x4 MIMO or 4 antenna switching (if introduced)

· Details FFS
3. References
<Work item description>

RP-160676, “WID for SRS (sounding reference signal) switching between LTE component carriers”
RP-160935, “WID for SRS (sounding reference signal) switching between LTE component carriers”
<Liaison statements>

R1-163453, “LS on SRS carrier switching interruption time”, source: RAN1, to: RAN4
R4-164974, “Reply LS on SRS switching interruption time”, source: RAN4, to: RAN1

R1-168556, “LS for SRS Carrier-Based Switching”, source: RAN1, to: RAN2, RAN4
R4-166913, “Reply LS on SRS carrier switching interruption time”, source: RAN4, to: RAN1
R1-1611049, “LS for SRS Carrier-Based Switching Agreements”, source: RAN1, to: RAN2, RAN4
R1-1611050, “LS on L1 parameters for SRS Carrier-Based Switching”, source: RAN1, to: RAN2, RAN4

R4-167660, “LS on SRS switching time reporting”, source: RAN4, to: RAN2, RAN1
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