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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the discussion on enhancing SRS capacity and coverage for LTE [2-12] are summarized. Some suggested proposals are also provided. 
[bookmark: _Ref129681832]WID objectives and previous agreements
At RAN#80 meeting, the following objectives were agreed for enhancement in LTE Rel-16 [1].
The work item aims to specify the enhancements identified for further improving network performance. The detailed objectives are as follows.
· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 
· Specify higher layer support of enhancements listed above [RAN2]
· Specify RF requirement of UE for the enhancements listed above [RAN4]
The agreements achieved from RAN1#96 to RAN1#97 meetings are listed in the Appendix.
The agreements achieved in RAN1#98 meeting so far are as following:
Conclusion
sPUSCH and/or sPUCCH can be used to handle the collision between SRS and PUCCH/PUSCH.
· FFS: Introduction of sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.

Conclusion
No consensus on the support of periodic SRS transmission in additional symbols for Rel-16.

Agreement
Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration. 
· It is up to RAN4 to introduce a UE capability for those UEs which do not require guard period.
· Including whether to have separate UE capabilities for frequency hopping and antenna switching if such UE capability is introduced

Agreement
At least for the case where there is no legacy SRS transmission on the subframe, independent close loop power control of additional SRS symbols from legacy SRS symbols is supported.

Agreement

The initialization seeds cinit  for (u, v) same as specified in LTE Release 15 with one modification  can be virtual cell ID.
[bookmark: _GoBack]
Summary
Remaining issues of SRS resources in a cell
The views of companies are listed as below:
	Company
	Proposals and comments

	Huawei, HiSilicon
	Proposal 1: Alt1 and alt2 are supported to handle the collision of additional SRS and other uplink transmission:
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier. Dropping rules and delay time can be pre-defined by spec or determined by eNB.
Proposal 2: Consider to support the drop or delay of PUCCH to handle the collision between additional SRS and other uplink transmission.


	Vivo
	Proposal1: multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported. 
Proposal2: dynamic time and frequency domain resource allocation for additional SRS is supported. 
Proposal3:  support to enable sPUSCH/sPUCCH transmission in the subframe with additional SRS. 
Proposal4: if additional SRS collides with sPUSCH/sPUCCH within a subframe, the collision symbols of additional SRS shall be dropped, but the remaining symbols of additional SRS still can be transmitted.


	ZTE
	Proposal 5: DO NOT introduce specification change to handle collision of SRS and PUCCH/PUSCH transmission.


	Samsung
	Proposal 2. Down-select one among Alt3 and Alt4 for collision handling for SRS and PUCCH/PUSCH transmission
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· Alt4: It is up to eNB/UE implementation


	Nokia, NSB
	Proposal 3: Changes to the legacy sPUSCH/sPUCCH transmissions are not introduced. SRS in additional symbols can be transmitted also in sTTI.
Proposal 5: For aperiodic SRS in additional symbols, UE may assume that the SRS does not collide with PUCCH/PUSCH in the same carrier. For CA, simultaneous SRS and PUCCH/PUSCH is supported according to legacy SRS dropping rules. If aperiodic SRS collides with PRACH, UE can drop SRS and transmit PRACH. 


	Intel
	Proposal 5: Support sPUCCH and sPUSCH capability for efficient multiplexing of the additional SRS with corresponding physical channels in the same subframe.


	LG Electronics
	Proposal 3: Considering both stable UE behavior with different TDD configurations and resource utilization of the network for other UL usages, Alt1 (e.g., Use sPUSCH and/or sPUCCH) should be supported for handling the collision of SRS and PUCCH/PUSCH transmission.


	QC
	Observation 4: Subframe-based SRS creates issues of collision between SRS and HARQ-ACK. 
Proposal 12: For handling the collision between PUSCH/PUCCH and additional SRS in same CC, 
· Multiplex sPUSCH/sPUCCH in the slot where SRS is not transmitted in same subframe if UE can support sPUSCH and/or sPUCCH transmission in the SRS subframe.
· Otherwise, UE delays SRS transmission on the additional symbols.
Observation 5: Collision between legacy PUSCH and subframe-based SRS in different CCs results in spectrum utilization degradation.
Proposal 13: For handling the collision between PUSCH/PUCCH and additional SRS in intra-band CCs,
· Multiplex sPUSCH/sPUCCH in the slot where SRS is not transmitted in same subframe if UE can support sPUSCH and/or sPUCCH transmission in the SRS subframe.
· Otherwise, UE delays SRS transmission on the additional symbols.

Proposal 14: Consider power scaling or dropping SRS if exceeding Pmax for handling the collision between PUSCH/PUCCH and additional SRS in inter-band CCs.


	Ericsson
	Observation 2： Separate sPUCCH/sPUSCH capability can be addressed as part of the general Rel-16 capability discussion
[bookmark: _Toc16774931][bookmark: _Toc16774955][bookmark: _Toc16852861]Proposal 8: For the handling of collision of SRS and PUCCH/PUSCH transmission, support Alt 4




For the handling of collision of SRS and PUCCH/PUSCH transmission, the views on alternatives are as following:
· Alt2: 
· HW, HiSilicon, Vivo, Nokia, NSB (for CA), QC (same CC or intra-band CA)
· Alt3: 
· Samsung, Nokia, NSB (the same carrier), 
· Alt4: 
· ZTE, Samsung, Ericsson
· Other:
· Power scaling or dropping SRS if exceeding Pmax for inter-band CA: QC

For the other alternatives, the views are still very diverse, therefore, the following is proposed to discuss online:
Proposal 1: For the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, downselect from the following
· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Choose between drop and delay
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Collision on interband-CA, intraband-CA
· Alt4: It is up to eNB/UE implementation

Guard period for frequency hopping, antenna switching
The views of companies are listed as below
	Company
	Proposals and comments

	Huawei, HiSilicon
	Proposal 4: The eNB determines whether to configure a guard period for antenna switching and frequency hopping of additional SRS symbols when intra-subframe repetition is not configured.


	ZTE
	Proposal 2: Guard period for frequency hopping and/or antenna switching is configured by eNB when intra-subframe repetition is not configured. 


	Samsung
	Proposal 1. Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration.


	Nokia, NSB
	Proposal 1: eNB can configure guard period for frequency hopping and antenna switching. It is not mandatory to always have guard period when frequency hopping or antenna switching takes place.


	Intel
	Proposal 1: SRS guard periods for antenna switching / frequency hopping are not used when additional SRS are configured with repetitions


	Lenovo, Moto
	Proposal 3 : 
· Guard period for antenna switching is always configured.
· Guard period for frequency hopping can be configured according to different UE capability.


	QC
	Proposal 7: For UE who requires gap for intra-subframe SRS frequency hopping/antenna switching, guard symbol is configured when intra-subframe repetition is not configured.
· 
Note: number of configured SRS symbols  as well as repetition factor R does not count the gap symbol if configured.


	Ericsson
	[bookmark: _Toc16668479][bookmark: _Toc16774926][bookmark: _Toc16774950][bookmark: _Toc16852855]Proposal 2: Rule that “guard period for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured” is not needed from RAN1/RAN2 perspective




In RAN1#96bis, it was agreed that:
Agreement



At least for the support of SRS repetition , where  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.


There’s the following proposal to clarify the counting of  and repetition factor R.
· 
Note: number of configured SRS symbols  as well as repetition factor R does not count the gap symbol if configured.
There the following is proposed for online discussion:

Proposal 2: The number of configured SRS symbols  as well as repetition factor R does not count the gap symbol if configured.

Frequency hopping, repetition and antenna switching for additional SRS
The views of companies are listed as below
	Company
	Proposals and comments

	Huawei, HiSilicon
	Proposal 5: Confirm the working assumption: When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Proposal 6: Support intra-subframe antenna switching across a subset of antenna ports. 
· Support continuous counting of the parameter of  between subframes.


	Vivo
	Proposal5: intra-subframe frequency hopping and repetition transmission for additional SRS is supported, frequency hopping using both additional SRS and legacy SRS together is not supported. 
Proposal6: intra-subframe frequency hopping of additional SRS symbols is confined within a sub-frame.


	ZTE
	Proposal 1: For aperiodic SRS frequency hopping, to keep the same hopping pattern as legacy UE in the last symbol, Rel-16 SRS frequency hopping order can start from the last symbol to the first symbol of additional SRS symbols.
Proposal 3: Confirm the working assumption that when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching. 


	Samsung
	Proposal 4: Confirm the working assumption with following modification.
· When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping and/or repetition should be performed before antenna switching.
Proposal 5: UE expects to transmit SRS (including the gap for antenna switching or frequency hopping) over adjacent SC-FDMA symbols within a subframe.


	Nokia, NSB
	Proposal 2: The working assumption stating that frequency hopping should be performed before antenna switching when they are concurrently configured, is not agreed. The transmission order between antenna switching and frequency hopping is not specified in the standard.


	Intel
	Proposal 2: To maximize the processing gains and minimize the number of transient periods, SRS transmission should be performed in the following order (1) repetition (2) frequency hopping (3) antenna switching
Proposal 3: The frequency hopping patterns for the legacy periodic SRS and additional aperiodic SRS are independently defined


	LGE
	Proposal 4: For the case of concurrent configuration of antenna switching and frequency repetition/hopping, the existing behavior on “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” should be revised according to the working assumption such that a UE antenna (for antenna switching) can only be changed after all hopping bands are completely sounded.


	Lenovo, Moto
	Proposal 4: Confirm the working assumption achieved at RAN1#97:
· When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Proposal 5: The maximal number of sounding symbols for antenna switching/frequency hopping that can be configured is 14 OFDM symbols in the same subframe including the antenna switching time.


	QC
	Proposal 3: The SRS pattern of additional SRS symbols can be configured complementary to that of legacy SRS symbol if transmitted in same subframe.
Proposal 4: Configuration of intra-subframe SRS frequency hopping/antenna switching should consider the max number of subband changes/antenna changes/power changes.
· FFS whether max number of subband changes/antenna changes/power changes within a subframe is based on UE capability. 
Observation 1: From RAN4 requirements, the transient period is the same for SRS frequency hopping, SRS antenna switching and power change between SRS symbols.
Proposal 5: Introduce two separate UE capabilities to indicate whether:
· UE requires gap for intra-subframe SRS antenna switching
· UE requires gap for intra-subframe SRS frequency hopping
Proposal 6: When intra-subframe frequency hopping and antenna switching are concurrently configured, 
· Frequency hopping can be configured to be performed before antenna switching for the UE who requires no gap for intra-subframe SRS frequency hopping only. 
· Otherwise, antenna switching can be configured to be performed before frequency hopping.
Proposal 8: Support intra-subframe aperiodic SRS antenna switching across a subset of antennas. 
Proposal 9: Configure starting antenna index for intra-subframe aperiodic SRS antenna switching. 
Observation 2: Pure SRS repetition reduces the SRS capacity with respect to more advanced techniques.
Observation 3: SRS repetition with comb offset has the following desired properties:
· Keep constant power/bandwidth across multiple symbols (thus no transient is needed)
· Improve multiplexing capacity
· Signal can be partially recovered even in case of one of the SRS symbols being dropped/interfered (unlike OCC).
Proposal 10: Support SRS repetition with flexible comb/comb offset configuration.


	Ericsson
	Observation 1: According to RAN4 LS reply, the required transient period is the same for both frequency hopping and antenna switching
[bookmark: _Toc16668478][bookmark: _Toc16774925][bookmark: _Toc16774949][bookmark: _Toc16852854]Proposal 1: When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, antenna switching should be performed before frequency hopping. I.e. the working assumption at RAN1#97 is rejected.




On whether to confirmation the following working assumption:
Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
companies’ views are summarized as following:
· Confirm the working assumption:
· ZTE, Samsung, Intel, Lenovo, Moto, Huawei, HiSilicon
· Not confirm the working assumption:
· Nokia, NSB, QC (for the UE who requires gap for intra-subframe SRS FH), Ericsson
Based on the inputs, the views are very diverse, therefore, the following is proposed for discussion:
Proposal 3: RAN1 to discuss whether to confirm the working assumption:
Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
On whether to support intra-subframe antenna switching across a subset of antenna ports:
· Support: QC, Huawei, HiSilicon
· Not support: 
Based on companies’ inputs, we have the following proposals:
Proposal 4: Support antenna switching across a subset of antenna ports in one subframe.

Configuration and trigger of additional and legacy SRS symbols
The views of companies are listed as below:
	Company
	Proposals and comments

	LGE
	Observation 1: Rel-13 additional SRS symbols for special subframe can be configured with separate higher layer parameters from those of legacy SRS symbols on special subframe.
Proposal 1: New set of RRC parameter values for Rel-16 cell-specific/UE-specific SRS can be configured separately from the legacy SRS configuration.
Proposal 2: For Rel-16 LTE SRS enhancement, a codepoint in the SRS request field corresponding to nth SRS parameter set (n=1, 2, or 3 depending on DCI formats) can be flexibly/independently configured by eNB with enumerating SRS configuration(s) belonging to one of {legacy SRS only, additional SRS only, both legacy and aperiodic SRS}.


	Lenovo, Moto
	Proposal 6: Multiple SRS parameter sets can be configured by higher layers and an SRS Activation/Deactivation MAC CE can be introduced to activate the SRS parameter sets associated with each SRS request state.




It seems that companies’ proposals in this subsection were discussed in last meeting, and the related issues have been resolved by agreements.

Power control
The views of companies are listed as below:
	Company
	Proposals and comments

	Vivo
	Proposal7: independent power control for additional SRS and legacy SRS is supported.


	Nokia, NSB
	Proposal 6: Independent open loop power control parameters P0 and alpha for additional SRS symbols are configured UE specifically so that different UEs in the same cell can have different parameter values.
Proposal 7: For closed loop power control commands for SRS in additional symbols, legacy operation is used: if the cell is not configured for PUSCH/PUCCH transmission, independent closed loop commands are used; otherwise power control commands of PUSCH are used.

	Intel
	Proposal 4: If independent power control is used for SRS, for the subframe where legacy and additional SRS are triggered, all SRS symbols transmission should follow the same power control configurations corresponding to legacy SRS to facilitate joint processing at eNB and avoid transient period.


	Lenovo, Moto
	Proposal 7 : The UE can transmit SRS on the additional SRS symbols and legacy SRS symbol with the same transmit power.
Proposal 8: When there are additional SRS and legacy SRS in the same subframe with different bandwidth, additional SRS and legacy SRS each follow their own transmission power control.
Proposal 9: DCI format 3B can be reused to transmit the TPC command for additional SRS by introduce additional TPC command field indicated by higher layers.


	QC
	Proposal 1: It can be configured to apply same or different power control for additional SRS and legacy SRS if transmitted in the same subframe.
Proposal 2: TPC command in the DCI triggering SRS can be configured to apply to aperiodic additional SRS. 


	Ericsson
	[bookmark: _Toc7791662][bookmark: _Toc7791861][bookmark: _Toc7814274][bookmark: _Toc16510912][bookmark: _Toc16510998][bookmark: _Toc16511339][bookmark: _Toc16668480][bookmark: _Toc16774927][bookmark: _Toc16774951][bookmark: _Toc16852856]Proposal 3: If both legacy SRS and additional SRS symbols are present in a subframe, the power control for all SRS symbols follows that of legacy SRS
[bookmark: _Toc7791661][bookmark: _Toc7791860][bookmark: _Toc7814273][bookmark: _Toc16510913][bookmark: _Toc16510999][bookmark: _Toc16511340][bookmark: _Toc16668481][bookmark: _Toc16774928][bookmark: _Toc16774952][bookmark: _Toc16852857]Proposal 4: The closed-loop power control offset of additional SRS symbols is independent from that of legacy SRS symbols 
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[bookmark: _Toc16852859]Proposal 6: Closed-loop PC of additional SRS symbols is only achieved when DCI Format 3B triggers only additional SRS symbols to the UE


	Huawei, HiSilicon
	[bookmark: OLE_LINK27]Proposal 1: Independent close loop power control of additional SRS symbols from legacy SRS symbols is supported.
Proposal 2:  Introduce a separate set of power control parameters for additional SRS from legacy SRS.
· Higher layer parameters ,   can be independently configured for additional SRS.
Proposal 3: The formula of the additional SRS power control is decoupled with PUSCH.
· Re-use the power control mechanism defined for carriers without PUSCH/PUCCH.
Proposal 4: The TPC value in the DCI format 3/3A applies to the additional SRS if the addition SRS are triggered, and a tpc-index for additional SRS is configured. FFS 0/3B/4.




On the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe:
· All SRS symbols transmission should follow the same power control configurations corresponding to legacy SRS
· Intel, Ericsson
· When there are additional SRS and legacy SRS in the same subframe with different bandwidth, additional SRS and legacy SRS each follow their own transmission power control
· Lenovo, Moto
· It can be configured to apply same or different power control for additional SRS and legacy SRS if transmitted in the same subframe.
· QC
Based on the inputs, the following is proposed:
Proposal 5: Down-selection of following options for the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe:
· Option 1: All SRS symbols transmission should follow the same power control configurations corresponding to legacy SRS
· Option 2: Additional SRS and legacy SRS each follow their own transmission power control if they are of different bandwidths.
· Option 3: It can be configured to apply same or different power control for additional SRS and legacy SRS.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Based on companies’ inputs, the following are proposed:
Proposal 1: For the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, downselect from the following
· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Choose between drop and delay
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Collision on interband-CA, intraband-CA
· Alt4: It is up to eNB/UE implementation


Proposal 2: The number of configured SRS symbols  as well as repetition factor R does not count the gap symbol if configured.

Proposal 3: RAN1 to discuss whether to confirm the working assumption:
Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

Proposal 4: Support antenna switching across a subset of antenna ports in one subframe.

Proposal 5: Down-selection of following options for the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe:
· Option 1: All SRS symbols transmission should follow the same power control configurations corresponding to legacy SRS
· Option 2: Additional SRS and legacy SRS each follow their own transmission power control if they are of different bandwidths.
· Option 3: It can be configured to apply same or different power control for additional SRS and legacy SRS.
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Appendix: agreements
RAN1#97:
Agreement
A guard period can be configured for frequency hopping and antenna switching of additional SRS symbols.
· If guard period is configured, it is 1 OFDM symbol
· FFS: Guard period for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured,

Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.

Conclusion
Legacy SRS symbols follow the legacy configuration

Agreement
Aperiodic additional SRS can only be triggered for transmission in any subframe belonging to the legacy UE-specific SRS subframe configuration

Agreement 
At least for the case where there no legacy SRS transmission on the subframe, at least independent open loop power control of additional SRS symbols from legacy SRS symbols is supported.
· Further study the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe.
· FFS: independent closed loop
Agreement
For the sequence generation of additional SRS symbols:






where  is the absolute symbol index within the slot  and Nsymb is the number of OFDM symbols per slot.
· FFS: c_init

Agreement
For the handling of collision of SRS and PUCCH/PUSCH transmission, downselect from the following in RAN1#98
· Alt1: Use sPUSCH and/or sPUCCH
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· Multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported
· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Choose between drop and delay
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Collision on interband-CA, intraband-CA
· Alt4: It is up to eNB/UE implementation


RAN1#96bis:
Agreement
For aperiodic SRS transmission, any combination of the following features can be simultaneously configured
· Intra-subframe antenna switching 
· At least antenna switching across all antenna ports is supported
· FFS: Antenna switching across a subset of antenna ports
· Intra-subframe frequency hopping
· Intra-subframe repetition
FFS: Whether above applies at the additional SRS symbols only or for legacy SRS symbols as well 

Agreement



[bookmark: MTBlankEqn]At least for the support of SRS repetition , where  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.

Agreement 
The configurable number of additional SRS repetitions can be
· [bookmark: _Hlk5780008]{1, 2, 3, 4, 6, 7, 8, 9, 12, 13}
Above applies per antenna port and per subband

Agreement
A codepoint in the same DCI triggers SRS transmission for one of the following:
· Only aperiodic legacy SRS symbols
· Only aperiodic additional SRS symbols
· Both aperiodic legacy and aperiodic additional SRS symbols within the same subframe
The association of the codepoint and one of the above is configured by RRC signalling. A separate codepoint will be supported for the case of no SRS triggering.

Agreement
The size of the SRS request field for triggering Rel-16 SRS is the same as that of relevant Rel-15 DCI formats.

Agreement
Only Rel-15 DCI formats that support SRS triggering can be used to trigger Rel-16 SRS transmission.

Agreement
For additional SRS symbols, per-symbol group hopping and sequence hopping are supported. 
· In a given time, only one of per-symbol group hopping or sequence hopping can be used by a UE
· FFS: Details such as sequence design

Agreement
In order to address at least possible power change due to frequency hopping or antenna switching for additional SRS symbols, select one of the following options:
· Option 1: A guard period of one symbol is introduced in RAN1 specifications.
· Option 2: No guard period is introduced in RAN1 specifications
· It is up to RAN4 to introduce a transient period between additional SRS symbols in RAN4 specifications.
Send an LS to RAN4 to ask their view on transient period for frequency hopping or antenna switching (including the time duration needed for this transient period). 

For further study until RAN1#97
Power control on additional SRS symbols and legacy symbols

RAN1#96:
Agreement
For the numbers of additional SRS symbols that can be configured to a UE: 1-13 
Agreement
For the time location of possible additional SRS symbols in one normal UL subframe for a cell:
· 1 to 13 symbols in one subframe can be used for SRS from cell perspective
· FFS: How/Whether to introduce specification support to handle collision of SRS and PUCCH/PUSCH transmission 

Agreement 
Same power control configuration applies for all additional SRS symbols configured to a single UE
Agreement
Transmission of aperiodic legacy SRS and aperiodic additional SRS symbol(s) in the same subframes for a UE is supported
The following FFS were identified:
For further study in future meetings:
For intra-subframe frequency hopping and repetition of additional SRS symbols
· 


For support of repetition and frequency hopping, , where  is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE
· 
FFS: Value of R, 
· Applies for aperiodic SRS
· Consider whether legacy SRS and additional SRS symbols have the same hopping pattern.
· Consider whether flexible configuration (e.g., comb/comb offset configuration) is supported for repetition of additional SRS symbols.
· LTE Rel-15 framework for frequency hopping and antenna switching can be reused for supporting frequency hopping and antenna switching for additional SRS symbols with appropriate changes. FFS on the appropriate changes.
For further study in future meetings:
Further study on power control enhancements of additional SRS symbols (including whether these features are needed):
· Independent power control of additional SRS symbols from legacy SRS symbols
· Reuse of SRS power control for carriers without PUCCH/PUSCH
· Consider SRS configurations to reduce the range of power variations in a subframe

For virtual cell ID of SRS, the following agreement was achieved:
Agreement
When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)
If virtual cell ID is not configured, physical cell ID is used.
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