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1 Introduction
This contribution is revised from R1-1716732.

In this contribution, we summarize several discussion points and offline discussion regarding SRS design.
2 Summary of offline discussion
On Tuesday afternoon, we discussed about following open issues.

· Open issue 2:SRS resource mapping/location in a sub frame(See Appendix 2)

SRS symbol in a slot is maximum 4 symbols. During discussion, they worried about a collision between SRS and other signal such as short PUCCH. So they set room/space to adjust SRS location using at least the last 6symbols.
Offline agreement (Tuesday afternoon)

An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.

FFS other location in a slot or using all UL OFDM symbols in a slot.

From UE perspective, no FDM between SRS and short PUCCH
From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
· Open issue 4: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision(See Appendix 3)
We discussed about prioritization regarding SRS and short PUCCH. Several companies showed concern about content of short PUCCH. The prioritization should be depends on the content of short PUCCH. Basically there was no progress. We just confirmed following as starting point.
Offline agreement (Tuesday afternoon)

Confirm the working assumption from RAN1#90 on SRS short PUCCH prioritization.
#90 working assumption regarding prioritization

	· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH




· Open issue 5: Frequency hopping design

We discussed about frequency hopping design using following proposal. But several companies showed concern about that we need more concrete frequency hopping design. There was no progress on the discussion point.
· Samsung

·  Proposal 3: For SRS antenna switching, SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.

· Open issue 1:Sequence design using LTE design(See Appendix 1)
We discussed about sequence design of 120 root proposed by Huawei. Several company support to increase root but think it needs further study about e.g., sequence group and base sequence number.  Several companies don’t see reason to increase root. There was no progress on the discussion point.
3 Summary of open issues

6 open issues are identified in the first version of this document.
· Open issue 1:Sequence design using LTE design(See Appendix 1)
We can see several evaluation results regarding same LTE sequence generation equation for 272 PRBs. Several companies are proposing additional root sequence.
· Confirm the working assumption
· ZTE, Intel(with evaluation),NTT DOCOMO(with evaluation),Samsung(with evaluation)
· New parameter for the LTE SRS sequences generation equation
· Huawei
· 120 root with new root selection method(See Huawei’s Proposal 8)

· NTT DOCOMO(with evaluation)

· Proposal 2: NR supports more SRS root sequences following the LTE SRS root sequence generation methodology with modified parameters.
NR support 60 SRS root sequences when SRS sequence length >= 72.
NR support 120 SRS root sequences when SRS sequence length >= 132.
· Mitsubishi(with evaluation)
· Proposal 2: Support up to 120 SRS sequences in NR

· Mediatek

· Proposal 1: Opt-3 (Same LTE SRS sequence generation mechanism with additional roots) is adopted if found beneficial, and Option 1 and Option 2 are not considered further in Rel-15.

· Evaluation regarding root selection

· Ericsson(with evaluation)

· Observation 1
LTE root selection can be kept while maintaining comparable cubic metric as LTE even for longer sequences.

· Observation 2
LTE root selection can be used to access 60 root sequences without any loss in cubic metric and NR should hence make 60 sequences available for assignment.

· Observation 3
Optimizing the root selection according to cubic metric can give around 1 dB advantage for relevant sequence lengths.
· Open issue 2:SRS resource mapping/location in a sub frame(See Appendix 2)
There are several candidates such as relatively front location, behind/last location and configurable location in a sub frame. The behind/last location is a majority opinion.

· configurable 
· OPPO

· configurable

· ZTE,Sanechips
· Proposal 4: Configurable SRS position in time domain should be supported in NR.
· behind/last and configurable 
· CATT

· Proposal 3: N SRS symbols are mapped in the slot from behind, and the location of last OFDM symbol can be dynamically or semi-statically indicated

· behind/last 
· Huawei

· Proposal 2: Considering the UL symbol location and DMRS-based channel estimation accuracy for PUSCH, candidates of symbol locations for SRS transmission in NR should be the last N symbols of the configured slot, where N={1, 2, 3, 4} or N equals to {12, 14} as the number of symbols in the slot.  

· Ericsson

· Proposal 3
An N-symbol SRS resource (N = 1,2, or 4) may be configured such that the resource occupies a position within the W last symbols in a slot, where W is UE-specifically configurable. Possible values of W are 1, 2, 3, or 4. From a UE perspective, one or more of the W OFDM symbols not occupied by SRS may be configured as blank, i.e., zero Tx power.

· front 

· Qualcomm

· Proposal 13: In the UL long burst, NR supports transmitting SRS in the following locations:

· before the transmission of  the front-load UL DMRS of the PUSCH for periodic SRS
· Open issue 3: SRS bandwidth design

Several companies are providing considerations about SRS bandwidth design which is longer than LTE.

· ZTE, Sanechips
· Proposal 5: Tree-like structure for NR SRS bandwidth configuration should be a function of the configured BWP, and SRS bandwidth. .

· Huawei

· Observation 2: For BWP bandwidth larger than 100RB, NR should support tree-like SRS bandwidth set [image: image2.png]Cgrs
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 RB where N is the transmission bandwidth of channel bandwidth.

· Proposal 3: At least support SRS bandwidth sets shown in Table A1–A9  

· Samsung

· Proposal 5: LTE SRS bandwidth configuration parameters
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indicate SRS bandwidth, UE SRS bandwidth, and the number of supportable uplink RBs, respectively, configured for an UE.

· Sony

· Proposal 5: RAN1 should define different two parameters of a maximum number of PRB over which instantaneous SRS is transmitted for the CQI acquisition and the beam management respectively.

· Intel

· Proposal 2: In NR-SRS the supported sounding bandwidths are same as LTE, with extension beyond 96 PRBs is provided in integer multiples of 96 PRB, i.e., 96 * k, where k = 1, 2, … PRBs.
· Ericsson

· Proposal 1
LTE-like tree structure for SRS BW allocation is adopted where   is bandwidth part (BWP)-specific. It can be configured UE specifically, and a default value may be defined if a default BWP is supported.  can be configured UE specifically, and a default value may be defined if a default SRS configuration is supported.   can be configured UE specifically and specific for each SRS resource.

· Qualcomm

· Proposal 3: NR SRS supports the following with respect to SRS BW configurations:
· The supported SRS transmission BWs larger than 96 PRBs are chosen to be multiples of 2k , k integer, of some of the SRS BWs supported in LTE

· Depending on the agreement on the maximum BWP size, NR supports an additional tree-like structure(s) for achieving wideband sounding. 

· Open issue 4: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision(See Appendix 3)
In case of collision between short PUCCH and SRS, drop SRS seems to be majority opinion. Several companies think that it should be needed to consider aperiodic/periodic aspect and content of PUCCH aspect.
· Short PUCCH > SRS



· OPPO, Samsung, Ericsson, Qualcomm
· Taking into account SRS for the beam management

· LG

· Proposal #3: PUCCH for beam recovery should have the highest priority among PUCCH and SRS.

· Nokia

· Proposal 7: Priority of beam management SRS can be separately discussed, e.g., higher priority than aperiodic SRS for CSI acquisition or PUCCH for CSI
· Taking into account aperiodic/periodic aspect

· ZTE, Sanechips
· Proposal 2: The prioritization rule should be predefined between gNB and UE considering the massage carried by PUCCH. Alternatively, following rulues can be supported

-Periodic PUCCH (not including ACK/NACK) > periodic SRS

-Aperiodic SRS > periodic PUCCH
-Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority
· Nokia

· Proposal 6: Transmission priority defined in LTE system, i.e. PUCCH with ACK/NACK>aperiodic SRS>PUCCH for CSI>periodic SRS serves as the start point for discussing priority between CSI acquisition SRS and PUCCH. 

· Premature to decide the prioritization

· NTT COCOMO
· Proposal 5: RAN1 should decide the priority between SRS and PUCCH for collision handling after the formats and contents of PUCCH are decided.
· Open issue 5: Frequency hopping design
· ZTE, Sanechips
· Proposal 8: Support combined SRS repetition and frequency hopping in a slot.
· Support hopping partial frequency resources in a hopping bandwidth
· vivo

· Intra-slot frequency hopping within a BWP should be supported in NR.

· CATT

· Proposal 5: at least slot level frequency hopping is supported for SRS transmission.
· Samsung

· Proposal 3: For SRS antenna switching, SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.

· Sony

· Proposal 3:NR should support both intra slot FH and inter slot FH.
· Nokia
· Proposal 9: NR needs to consider SRS orthogonalization methods (e.g. TDM, FDM, frequency hopping) as well as interference randomization methods (e.g. sequence hopping) to reduce inter-cell interference.

· LG
· Proposal #1: Inter-slot hopping should be supported in NR, whereas intra-slot hopping need further investigation.
· Open issue 6: Network indication to control SRS transmission behaviour
· Huawei

· Proposal 11: gNB should send indication to each UE to configure which alternative (i.e. Alt 1 with gNB-transparent Tx beamformer or Alt 2 based on gNB indicated beamformer) shall be used for determination of UE Tx beamformer for SRS.

· OPPO

· Proposal 4: Dynamic indication of reserved SRS resources should be supported.

· LG

· Proposal #4: For beam indication for SRS transmission, NR should support SRI or CRI indication per configured SRS resource via MAC-CE.
· Proposal #5: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options

· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)

· Alt2: implicit indication based on SRS configurations

· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.

· Open issue 7: SRS switching among CCs/BWPs
· Huawei

· Proposal 6: For SRS CC-based and BWP-based switching in Rel-15, directly reuse Rel-14 design as much as applicable, and limit new designs and modifications to those essential in Rel-15, e.g., based on new frame structure.
· Proposal 1 and proposal 2  in [17], support the same principles of antenna switching scheme in LTE for SRS transmission for the case of 1T2R and 2T4R antenna switching:
In the case with frequency hopping disabled:
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In the case of frequency hopping enabled:
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· For 1T4R, the details is also described in [17].Samsung
· Support both 2Tx and 4Tx switching for SRS transmission.
· Specifically, based on the previous agreement on SRS, our proposal is that when UE configured with 1Tx, 1Tx to 4 antenna switching for SRS transmission is supported
· Sony

· Proposal 4:RAN1 should support UE request to stop/start partial band SRS switching for the beam management.
· Nokia

· Proposal 3: Flexible hopping pattern needs to be designed to support different time requirement of different UEs for multiple partial band switching.
4 WF
R1-1716787   WF on antenna switching for SRS transmission  Huawei, HiSilicon, Intel, CeWiT, Samsung, IITM, Tejas Networks, Softbank, CATT, China Unicom, Spreadtrum, IITH, SONY, Deutsche Telekom, Nokia, NSB, CMCC, Vodafone

R1-17xxxxx WF on SRS Sequence design , Huawei, HiSilicon,
R1-17xxxxx  WF on SRS beam sweeping behavior, LG Electronics,
R1-17xxxxx WF on priority rules between SRS and PUCCH, LG Electronics,
Appendix
Appendix 1

Working assumption:

· SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR

· FFS On the set of supported SRS bandwidths
Appendix 2
Agreements: 
· For the purposes of DL/UL CSI acquisition and beam management

· A UE can be configured with K >= 1 SRS resources where

· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource

· FFS whether or not support N adjacent sub-time-units

· FFS whether or not to additionally support non-adjacent symbols/sub-time-units

· FFS whether to not to additionally N>4

· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units

· FFS whether or not/how to support antenna switching using SRS

· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where

· Periodic: The resource is configured with a slot-level periodicity and slot-offset

· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset

· Multiple SRS resources can be activated/deactivated with a single message

· FFS: Activation/deactivation details

· Aperiodic: The resource is configured without a slot-level periodicity and slot offset

· Multiple SRS resources can be triggered with a single message

· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets

· FFS the location(s) of SRS symbol(s) within a slot

· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources

Appendix 3
Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier

· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not

· Option 1-1: symbol level TDM
· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH
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