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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the discussion on enhancing SRS capacity and coverage for LTE [2-11] 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#98bis meetings are summarized in [12].

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: Support introducing sPUSCH and sPUCCH capability for Rel-16 UEs to enable sPUSCH and sPUCCH transmission in the SRS subframe.
Proposal2: sPUSCH/sPUCCH can be scheduled by the UL/DL grant if additional SRS is triggered in the same subframe.
Proposal 3: UE should delay or drop partial SRS symbols that overlap with sPUSCH/sPUCCH in a subframe.


	Vivo
	Proposal1: 
· For the handling of collision of additional SRS and PUSCH/PUCCH for UEs supporting sPUSCH/sPUCCH transmission, UE drops additional SRS transmission on the symbols where the additional SRS collides with sPUCCH/sPUSCH in the same carrier. 

	Intel
	Proposal 1: 
· If additional SRS symbol is overlapping with legacy SRS symbol, UE should transmit legacy SRS symbol.
Proposal 2: 
· Support new sPUCCH and sPUSCH capability for efficient multiplexing of the additional SRS with corresponding physical channels in the same normal subframe. 
· In case the collision between PUSCH/PUCCH and additional SRS occurred, the PUSCH/PUCCH should be reduced to sPUSCH/sPUCCH.
· Introduce the corresponding capability with additional constraint of single sPUSCH or sPUCCH transmission occasion per UL subframe.


	Lenovo
	Proposal 1: A UE is not expect to be scheduled PUSCH or configured PUCCH transmission in the subframe configured with additional SRS symbols regardless of whether additional SRS is triggered or not.
Proposal 2: A UE is not expected to be scheduled/triggered to transmit sPUSCH/sPUCCH and additional SRS in the same symbols in a slot if the UE supporting sPUSCH/sPUCCH.


	Samsung
	Observation 2: Rel-15 capability signalling is enough to handle the collision between additional SRS and PUCCH/PUSCH.


	Nokia, NSB
	Observation 1: Clarifications are needed in the RAN1 specification if UE transmits SPUCCH/SPUSCH instead of scheduled PUCCH/PUSCH.
Proposal 1: RAN1 should discuss, whether modifications needed in the RAN1 specifications to support SPUCCH/SPUSCH capability in the subframes used for SRS in the additional symbols, are within the scope of the work item.


	QC
	Proposal 6: Introduce a new UE capability to support a sPUSCH/sPUCCH transmission in 1st slot of a A-SRS subframe for the same CC or intra-band CC.
Proposal 7: For UE capable of sPUSCH/sPUCCH, support dynamic indication of using sPUSCH/sPUCCH in a subframe configured for additional SRS symbols, regardless of whether SRS is triggered or not.
Proposal 8: Adjust power boosting for sPUSCH/sPUCCH conveying UCI in a subframe with additional SRS symbols.



For the following FFS:
· FFS: Introduction of sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
The companies’ views are summarized as below:
· Introduction of sPUSCH and/or sPUCCH capability to enable sPUSCH and/or sPUCCH transmission in the SRS subframe
· Support: QC, Intel, Huawei, HiSilicon
· Not support: Samsung
Based on the majority view, it was proposed as below:
Proposal 1: Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
On the use of R16 capability of sPUSCH/sPUCCH, the following are proposed:
· In case the collision between PUSCH/PUCCH and additional SRS occurred, the PUSCH/PUCCH should be reduced to sPUSCH/sPUCCH.
· dynamic indication of using sPUSCH/sPUCCH in a subframe configured for additional SRS symbols
· sPUSCH/sPUCCH can be scheduled by the UL/DL grant if additional SRS is triggered in the same subframe
Based on the proposals, the following is proposed:
Proposal 2: For UEs supporting Rel-16 sPUSCH and/or sPUCCH capability, further discuss
· The sPUSCH/sPUCCH is used in the subframe where additional SRS is triggered.
· Dynamic indication of using sPUSCH/sPUCCH in a subframe.

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

	Huawei, HiSilicon
	Proposal 4: 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.
Proposal 5: For antenna switching with additional SRS configured with frequency hopping, the used antenna port is:
· 1T2R: 
· 1T4R: 
· 2T4R: , where  is the configured by higher layer parameter ue-TxAntennaSelection-SRS-2T4R-NrOfPairs


	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 2: Confirm the working assumption that  frequency hopping should be performed before antenna switching when intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured. 


	LGE
	Proposal 2: 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
	Proposal 3: Confirm the working assumption with the following update(RED):
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching regardless of whether guard period is required for one of or both of them.


	Samsung
	Proposal 2. When guard period for additional SRS is configured for a UE, the guard period only exist between SRS symbols for frequency hopping and/or antenna switching.
· If more than two features among “intra-subframe antenna switching”, “intra-subframe frequency hopping”, and/or “intra-subframe repetition” are configured simultaneously, UE performs the configured features in order of repetition  frequency hopping  antenna switching.


	Nokia, NSB
	Proposal 2: Regardless of potential new UE capability indication related to guard period before antenna switching or frequency hopping, eNB can opt to configure or not configure guard period before AS or FH.
Proposal 3: 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 configured determined based on RRC signalling.


	Ericsson
	[bookmark: _Toc16668478][bookmark: _Toc16774925][bookmark: _Toc16774949][bookmark: _Toc16852854][bookmark: _Toc20836703][bookmark: _Toc20996290][bookmark: _Toc21017445][bookmark: _Toc21098997][bookmark: _Toc23769201][bookmark: _Toc24031823][bookmark: _Toc24122414]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.

	QC
	Proposal 1: 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. 
Proposal 2: If separate UE capability not requiring guard symbol for SRS FH and AS is not introduced, apply same configuration of guard symbol for both SRS FH/AS and reuse concurrent SRS FH/AS pattern same as legacy SRS
Proposal 3: If separate UE capability of not requiring guard symbol for SRS FH and AS is introduced,
· FH is performed before AS when no guard symbol is configured for SRS FH but guard symbol is configured for SRS AS. 
· AS is performed before FH when no guard symbol is configured for SRS AS but guard symbol is configured for SRS FH. 
· FH and AS are performed concurrently same as legacy SRS when no guard symbol or guard symbol is configured for both SRS FH and AS.
Proposal 4: Number of antenna switching on additional SRS is defined as:
· 2 if SRS AS 1T2R or 2T4R with 2 antenna pairs is configured 
· 3 if SRS AS 2T4R with 3 antenna pairs is configured
· 4 if SRS AS 1T4R is configured




Two things that need to be clarified in specification are the number of antenna switching and the number of frequency hopping, based on the proposal, the followings are proposed:
Proposal 3: The number of antenna switching is:
· 2 for 1T2R is configured or the number of pairs is configured as 2 for 2T4R
· 3 if the number of pairs is configured as 3 for 2T4R 
· 4 for 1T4R
Proposal 4: The number of frequency hopping is down-selected between  and [image: ].
On 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 (frequency hopping before antenna switching):
· Lenovo, Moto, ZTE, Samsung, Huawei, HiSilicon, LGE
· Support antenna switching before frequency hopping
· Ericsson
· Configurable between AS before FH and FH before AS
· Nokia, NSB, QC (If separate UE capability is introduced)
· Concurrent antenna switching and frequency hopping
· QC (if separate UE capability is not introduced)
As there is still no feedback from RAN4 on UE capability, the following are proposed for down-selection
Proposal 5: Down-selection between following in RAN1#99:
· Option 1: confirm the working assumption
· Option 2: configurable between AS before FH and FH before AS
· Option 3: concurrent AS and FH

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

	LGE
	Proposal 1: Considering clear and simple configuration of additional SRS symbols in relation to guard symbols, explicit 2-bit signalling of guard symbol configuration for antenna switching and/or frequency hopping should be supported.


	Samsung
	Observation 1: The exact meaning of Rel-15 DCI formats in the following agreements needs to be further clarified
· “Only Rel-15 DCI formats that support SRS triggering can be used to trigger Rel-16 SRS transmission.”


	Nokia, NSB
	Proposal 4: UL DCI formats that have 2-bit SRS request field can be used to trigger additional SRS
Proposal 5: DL DCI formats with 1-bit SRS request field can be used to trigger additional SRS if DL DCIs in different subframes trigger legacy SRS and additional SRS.

	QC
	Observation:
· If no feedback from RAN4, we don’t need separate configuration of guard symbol for FH and AS. The concurrent FH/AS of legacy SRS is reused as Proposal 2. 
· By knowing NAS, different N corresponds to different NFH and GS, indicating the pattern and guard symbol location (for every antenna switch/frequency hop if configured)
No need additional signalling beyond the start+duration of additional SRS.

· If RAN4 can introduce separate UE capability not requiring guard symbol for SRS FH and AS, the pattern for SRS FH and AS is configurable as Proposal 3.
· By knowing NAS, same N may have different NFH. For example, N=7, N=8, and N=11 for R=1 and NAS=2 (SRS 1T2R or 2T4R with 2 pairs). 
· Explicit indication of NFH for additional SRS requires 3bits. But even for same NFH, the pattern is not uncertain in some cases, e.g., N=5, 9, 11, 13 in Table 1 due to NFH=NAS but different GSAS and GSFH, leading to uncertain SRS patterns.
Need 2bits to indicate guard symbol for SRS AS and SRS FH respectively
Proposal 5: If separate UE capability of not requiring guard symbol for SRS FH and AS is introduced, use 2 bits to indicate guard symbol for SRS AS and SRS FH, respectively.




One remaining issue on the configuration of additional SRS is whether we need further configuration of guard symbols. Based on the inputs, the following is proposed:
Proposal 6: 2-bit signaling of guard symbol configuration for antenna switching and/or frequency hopping is supported.

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

	ZTE
	Proposal 3: Introduce TPC command of UL grant DCI for additional SRS.

	LGE
	Proposal 3: The current PHR MAC CE structure should be enhanced for Rel-16 additional SRS with newly implementing Type 3 PH field of additional SRS on PCell and Type 3 PH field of additional SRS on SCell.


	Samsung
	Proposal 1: Extend the previous agreements on TPC for additional SRS to UL grants and DL grants as well.


	Nokia, NSB
	Proposal 6: Consider if TPC bits in the UL/DL grants should be used to control power of additional SRS when the UL/DL grants trigger additional SRS.

	Ericsson
	[bookmark: _Toc23769202][bookmark: _Toc24031824][bookmark: _Toc24122415]Proposal 2: Do not support sending TPC commands for additional SRS symbols using other DCI formats than 3/3A/3B
[bookmark: _Toc23769203][bookmark: _Toc24031825][bookmark: _Toc24122416]Proposal 3: For PUSCH-less SCell, the UE can either be configured with legacy PUSCH-less SCell SRS or Rel-16 additional SRS, not both concurrently
[bookmark: _Toc23769204][bookmark: _Toc24031826][bookmark: _Toc24122417]Proposal 4: For PUSCH-less SCell, the UE reports either Type 3 PHR for Rel-16 additional SRS or Type 3 PHR for legacy PUSCH-less SCell SRS
[bookmark: _Toc23769205][bookmark: _Toc24031827][bookmark: _Toc24122418]Proposal 5: For PCell and SCell with PUSCH, support Type 3 PHR reporting for additional SRS. The details are left to RAN2.

	Huawei, HiSilicon
	Proposal 6: The TPC value in the UL/DL grants DCI should not apply to the additional SRS.
Proposal 7: The range of UE-specific P_0 is increased for additional SRS.



One remaining issue on the power control is whether DL/UL grants can be used for close loop power control of additional SRS. The companies’ views are summarized as below:
· Not used
· Ericsson, Huawei, HiSilicon
· UL grant
· ZTE, 
· Both UL/DL grant
· Samsung, Nokia, NSB
Based on the inputs, the following was proposed for down-selection:
Proposal 7: For close loop power control of additional SRS, down-select between following options:
· UL/DL grants are not used for close loop power control of additional SRS
· UL/DL grants are used for close loop power control of additional SRS
The other proposals are related to type 3 PHR for additional SRS. In last meeting, we have agreed to use type 3 power headroom for additional SRS. Based on the further proposals, the following is proposed. In addition, as this would have impact to RAN2 procedures of power headroom report, maybe an LS is required to indicate RAN1 decisions.
Proposal 8: Further discuss
· For PUSCH-Scell, UE can be configured with either additional SRS or legacy SRS.
· For PCell and SCell with PUSCH, support Type 3 PHR reporting for additional SRS
· For PUSCH-less SCell, the UE reports either Type 3 PHR for Rel-16 additional SRS or Type 3 PHR for legacy PUSCH-less SCell SRS
Send LS to RAN2 about above decisions.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Based on companies’ inputs, the following are proposed:
(To be added later)
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