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1 Introduction
In this contribution, we summarize several discussion points regarding SRS design.
2 Summary of offline discussion
· Open issue 1.1 Up to 96 PRB,
Old Possible offline agreement: NR supports 17 unique rows in LTE for SRS BW <=96 PRBs.

On Monday online session, ZTE raised a concern about above possible offline agreement.

ZTE concern was related to following row, especially on the N1=3. We have an agreement that 1,2,4 symbols in a slot for SRS resource. If UE uses N1=3, UE need to use 2 or 4. The row may be useless in intra slot case. But, in offline, ZTE accepted following possible agreement. The blue part was added.
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Offline agreement: NR supports 17 unique rows in LTE for SRS BW <=96 PRBs.

In addition to 17 unique rows in LTE, additional rows for <=96 PRBs is not prohibited.
· Open issue 4.1 Intra slot/inter slot aspect

On Monday online session, ZTE added blue part, and then Qualcomm raised a concern about this.
The motivation of blue part brought by ZTE is that the SW is required to realize switch between repetition and beam sweeping. ZTE think that the ON/OFF switch can be configured using RRC signaling.

Regarding Qualcomm concern, he thinks that Ericsson’s draft WF is including more detail aspect regarding the frequency hopping mechanism. But he said that he can accept the possible offline agreement as a base line prior to Ericsson’s detail WF.

Offline agreement: 
NR supports intra-slot and inter-slot frequency hopping within a BWP.

FFS: if the same hopping formula as in LTE can be used

FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)

FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)

FFS: Whether independent ON/OFF configurations for intra-slot and inter-slot frequency hopping for one SRS resource
The bandwidth design was discussed based on following WF.
R1-1718968 Draft WF on SRS for NR, 

Ericsson, Qualcomm, Huawei, ZTE, Mitsubishi, Sony, Nokia, NSB, NTT Docomo, [Intel, LG, Mediatek, CATT, Interdigital, vivo, OPPO, …] 

We decided to combine Ericsson’s table, Intel’s table and Samsung’s table, which is starting point to be discussed. We aim at getting complete table within this week using offline.
Regarding Sequence hopping, we made following offline working assumption.

Offline working assumption 
Down-select one of the following alternatives for group and sequence hopping
· Alt-1: Both group hopping and sequence hopping are supported as in LTE
Offline working assumption for Alt-1
Supporting: Qualcomm, LG, Sony, Mitsubishi, Samsung, ZTE, Sanechips, CATT
· Alt-2: Only group hopping is supported where group hopping is configurable to be ON/OFF
Supporting: E///, Huawei, HiSilicon
· Alt-3: Make existing 60 sequences available even if group hopping is on
Supporting: Huawei, HiSilicon, E///
3 WF
R1-1718985 WF on prioritization between SRS and short PUCCH transmission in case of collision,


Mitsubishi Electric, LG, ZTE, Sanechips, Nokia, NSB, Sony, InterDigital, Ericsson, [Samsung]

R1-1718968 Draft WF on SRS for NR, 

Ericsson, Qualcomm, Huawei, ZTE, Mitsubishi, Sony, Nokia, NSB, NTT Docomo, [Intel, LG, Mediatek, CATT, Interdigital, vivo, OPPO, …] 

R1-17xxxxx Way Forward on SRS Switching among CCs and Bandwidth Parts,   


Huawei, HiSilicon, [AT&T], [CMCC], [Qualcomm], [Samsung], [Softbank], [Vodafone]
4 Summary of open issues

9 open issues are captured in the first version of this document.
· Open issue 1: SRS bandwidth design
· Open issue 1.1 Up to 96 PRB, 

· Alt1:17 unique rows in LTE can be reused. 
Ericsson, Huawei, Samsung, Qualcomm, Nokia, Sony
· Alt2:In addition to 17unique row, (m_SRS,0=72, m_SRS,1=36, m_SRS,2=12, m_SRS,3=4) should be added: 
Qualcomm
Possible offline agreement: NR supports 17 unique rows in LTE for SRS BW <=96 PRBs.
· Open issue 1.2
4 values of B_SRS using  4Column as same as LTE
Supporting: 
Intel, Qualcomm, Sony, Huawei, Samsung, Ericsson, Nokia 
· Open issue 1.3 Single table or Multiple table or others

· Multiple tables like LTE:

None

· Single table: 
Huawei, Samsung, Qualcomm, Sony, Intel <- agreeable

· Single equation
ZTE

Possible offline agreement: NR supports a single SRS bandwidth table consist of multiple value of C_SRS and 4 values of B_SRS.

	Agreement:
· NR supports a single SRS bandwidth table consist of multiple value of C_SRS and 4 values of B_SRS.



· Open issue 1.4 Regarding 97-272 PRB,

· m_srs,0 is  [N/4]x4RB or[N/16]*16RB where N is the transmission band width of channel bandwidth SRS,0=[104,112,128,132,144,160,176,192,208,216,224,240,256,264,268,271]
Qualcomm, Huawei
· The single equation provides all m_SRS,3 above 96=4

Intel, ZTE
· The design is completely based on LTE table. New numbers m_SRS,0 from 97-273 are made by 2 times, 3 times, 4 times of LTE 17 unique numbers. Then the numbers (from 97-272) are picked up.

Sony
· Single equation
ZTE

Observation: various kind methods exist. The offline discussion is needed.
· Open issue 1.5 Starting position for frequency domain
Huawei:
Proposal 4: For all slot formats, the starting position for frequency domain mapping should be indicated by UE-specific higher layer signaling.
Ericsson: 
Key Proposal 1
The start/end PRB positions of an SRS allocation is UE-specifically configurable and on a common grid defined on a CC from network perspective.
Samsung:(RB offset with UE specific manner)
Proposal 5: It is necessary to study schemes to cover entire bandwidth supported by UE.
Possible offline agreement: The starting position for frequency domain mapping for an SRS allocation should be indicated by UE-specific higher layer signaling.

FFS: Alignment to a common grid

FFS: Granularity of stating positions
	Agreement:
· The frequency domain starting position of a SRS allocation (analogous to K0_P in LTE) is UE specifically configurable such that it is aligned on a common grid with 4 PRB granularity defined on a wideband CC from network perspective

· Note: This can enable alignment of SRS resources of different UEs with partially overlapped BWPs multiplexed on the same comb




· Open issue 2:Comb/Cyclic shift design
Vivo:


At least CS2 should be supported for Comb2.

CATT: 

Proposal 3: multiple ports of SRS resource of an UE are multiplexed using different combs and/or cyclic shifts within a symbol and maximum number of CSs supported for comb level 2 and 4 can be same as in LTE, i.e. 8 and 12.

OPPO:

Proposal 9: SRS resource with 1-2 ports and configurable comb can be used for UL beam management.

Ericsson: 

Key Proposal 2 NR supports 24 cyclic shifts for Comb 2 and 12 cyclic shifts for Comb 4. The subset of used cyclic shifts is UE specifically configurable.

Nokia: 


Proposal 2: Support flexible SRS density e.g. Comb and CS number.

Qualcomm: 

Proposal 6: NR supports comb-2 and comb-4 with at up to 8 and 12 cyclic shifts respectively (similar to LTE). 

Proposal 7: A UE may be configured with SRS ports in a SRS resource which are multiplexed either through FDM or through cyclic shift on the same comb (similar to LTE).
.

Possible offline agreement: NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 


FFS: configuration of fewer than the maximum number defined cyclic shifts
Note: To achieve offline agreement, the motivation to introduce two different CS numbers (both 8 and 12) is need to be clarified
	Agreement:
· NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 



· FFS: configuration of fewer than the maximum number defined cyclic shifts




· Open issue 3: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· Always prioritize short PUCCH over SRS

OPPO: 
Proposal 2: Always prioritize PUCCH over SRS if power scaling or dropping is needed.

Ericsson: 
Proposal 5
NR supports at least the following prioritization rule between SRS and short PUCCH: short PUCCH is always prioritized over SRS such that if a configured SRS resource completely overlaps short PUCCH, that SRS resource is dropped. For an SRS resource that partially overlaps short PUCCH, only the SRS symbols in the overlapping region are dropped. FFS: support for more than one prioritization rule.
Qualcomm: 
Proposal 8: On the prioritization rule of short PUCCH and SRS from UE perspective, Rel-15 supports only prioritizing short PUCCH over SRS.
· Depends on contents carried by PUCCH and SRS or aperiodic/periodic aspect  or beam management aspect
ZTE: 
Proposal 1: The prioritization rule should be predefined between gNB and UE considering the message carried by PUCCH. Alternatively, following rules can be supported

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

· Aperiodic SRS > periodic PUCCH

· SR/beam recovery request > SRS
· Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority

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

Mitsubishi: 
Observation 3: In general, aperiodic transmission should have higher priority than periodic transmission. Details of the priority rule should be made based on contents of PUCCH and whether SRS is aperiodic or not. 

Possible offline agreement: The rel15 NR always prioritize short PUCCH over SRS

· Open issue 4: Frequency hopping design
· Open issue 4.1 Intra slot/inter slot aspect
· Intra slot frequency hopping(ZTE, Vivo, Ericsson, Qualcomm, Sony)
Pros: quick CSI acquisition
ZTE: 
Proposal 5: Support combined SRS repetition and frequency hopping in a slot, and support　configuration of repetition numbers.
Vivo: 
Proposal 3:Intra-slot frequency hopping within a BWP should be supported in NR.
Ericsson: 
Key Proposal 3
NR supports intra-slot and inter-slot frequency hopping within a BWP.
Key Proposal 5
For an N-symbol aperiodic SRS resource, NR supports intra-slot frequency hopping only (not inter-slot) within a BWP, where the entire hopping bandwidth is sounded in the N OFDM symbols.
Interdigital:
Proposal-2: frequency hopping of partial bands over adjacent symbols is supported for SRS　transmission
Qualcomm:
Proposal 9: In NR, support aperiodic, periodic and semi-persistent intra-slot SRS sounding of N=2 and N=4 non-overlapping equal-sized subbands by configuring a UE with one SRS resource spanning N adjacent symbols.

· NR supports the same hopping formula as in LTE.

· Note: All N transmissions occur inside the same slot.

Sony: 
Proposal 11:NR should support both intra slot FH and inter slot FH.
Negative: LG, OPPO
· Inter slot hopping(CATT, LG, Ericsson, Sony)
CATT: 
Proposal 5: at least slot level frequency hopping is supported for SRS transmission.
LG: 
Proposal 1: Inter-slot hopping should be supported in NR, whereas intra-slot hopping need further investigation.

Ericsson: 
Key Proposal 3
NR supports intra-slot and inter-slot frequency hopping within a BWP.
Sony: 
Proposal 11:NR should support both intra slot FH and inter slot FH.
Possible offline agreement: (from Ericsson Key Proposal 3)

NR supports intra-slot and inter-slot frequency hopping within a BWP.

FFS: if the same hopping formula as in LTE can be used

FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)

FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)

· Open issue 4.2
frequency hopping region in frequency domain

Samsung: 
Proposal 3: SRS frequency hopping is occurred uniformly as possible for the configured SRS bandwidth.

CATT: 
Proposal 4: an UE can be configured with consecutive or non-consecutive subbands and the UE is able to either transmit simultaneously or in hopping manner covering the configured subbands.

Ericsson: 
Key Proposal 9
To support intra-slot hopping whereby the full hopping bandwidth is sounded in either 2 or 4 OFDM symbols in one slot, support the following two design rules for the configuration table: (1) N_1 = 2 for rows where m_{SRS,0} is an integer multiple of 8 PRBs, and (2) N_1 = N_2 = 2 for rows where  m_{SRS,0} is an integer multiple of 16 PRBs.
· Open issue 5: 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.

ZTE: 
Proposal 7: Support indication of the number of consecutive symbols for one antenna.
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.

OPPO: 
Proposal 5: Dynamic indication of reserved SRS resources should be supported.

InterDigital: 
Proposal-4: Alt-1 (gNB transparent Tx beam) is used for SRS for beam management and Alt-2 (gNB indication) is used for SRS for CSI acquisition
vivo:

Proposal 2: For SRS grouping in NR, 

· For SRS for beam management, beam repetition or switching transmission within one SRS group can be configured.

· For SRS for CSI acquisition, SRS resources within one SRS group can be transmitted simultaneously, while different SRS groups cannot be transmitted simultaneously.

Observation: various kind methods exist. The offline discussion is needed.
· Open issue 6: 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.

Intel: 
Proposal 2: A UE, is configured with one or more SRS resources per configured BWP. FFS signalling details of switching of SRS configurations with change in BWP.
Nokia: 
Proposal 5: Flexible hopping pattern needs to be designed to support UEs with different time requirement for in and between band/CC switching.

Sony:
Proposal 5:RAN1 should support UE request to stop/start partial band SRS switching for the beam management.
· Open issue 7: Antenna  switching
ZTE: 
Proposal 6: Support SRS antenna switching within one SRS resource.

Samsung: 

Proposal 2: At least for UE is not capable for UL MIMO, single SRS antenna port to 4 antenna switching for SRS transmission with in a carrier is supported.
OPPO: 
Proposal 6: Intra-slot antenna switching and intra-slot frequency hopping are not supported in NR.

Proposal 7: For UE with 2T4R, only switching between two antenna groups with 2 antennae in each group is supported.

Ericsson: 
Proposal 4
To support antenna switching for SRS transmission within a carrier, at least for 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) NR supports configuration of  2 SRS resources where each SRS resource contains the port(s) corresponding to 1 out of the 2 antennas switching groups. The two SRS resources needs to be TDM and separated in time according to the UE switching capability.

Nokia: 
Proposal 6: SRS resource group is designed for supporting SRS transmission with antenna switching and/or repetition.

Qualcomm:
Proposal 11: On the framework for NR SRS antenna switching inside a component carrier:

· NR defines the notion of “Antenna port group for antenna switching purposes” which contains port(s) which can be sounded simultaneously by a UE capable of antenna switching. 

· For an UL MIMO capable UE, the antenna port groups may at least depend on whether a UE is configured with UL MIMO.

· For a UE capable of antenna switching but not UL MIMO, support signaling informing the network for the power difference across different SRS antenna ports.
Proposal 12: NR supports intra-slot antenna switching by configuring a UE with multiple SRS resources with the appropriate timing gap, each resource used for sounding the antennas of one antenna port group.
In order to support 1Tx/4Rx intra-slot antenna switching, the last 7 symbols of a slot should be allowed for SRS transmission
In scenarios of intra-slot antenna switching, a UE does not transmit any other signal during the timing gap dedicated for antenna switching. 

Proposal 13: Adopt one of the following signaling schemes for Tx antenna selection:

Observation: there are three discussion points for offline.

-Intra-slot antenna switching

Support: Qualcomm


Oppose: OPPO

-Antenna port group/SRS resource group for antenna switching.

OPPO, Ericsson, Nokia, Qualcomm
-Supporting for 1T4R antenna switching within an active BWP of a component carrier
· Open issue 8:Sequence design using LTE design
· Open issue 8.1 additional root sequence

More root: 
Huawei, NTT DOCOMO, Mitsubishi, Ericsson, Media Tek (if found beneficial)

Little motivation to increase root: 
, Samsung

· Open issue 8.2 Sequence hopping mechanism
Ericsson: 
Proposal 7
NR SRS supports at least 60 root-sequences. Design of the root sequence selection is FFS.
Mitsubishi:
Proposal 3: Support sequence hopping using sequence ID for inter-cell interference reduction

Huawei: 
Proposal 8: Either of the following methods P1 and P2 can be used to SRgenerate ZC root for each SRS sequence length.
· Open issue 9:SRS sub frame parameters/SRS periodicity

Huawei: 
Proposal 1: Support gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}, and additionally support UE-specific configuration of ZP-SRS in time domain for rate matching.

Samsung:

Proposal 7: Time-resource for SRS for beam measurement is configured if UE requests.
Mitsubishi: 
Proposal 6: Support dynamically configurable periodicity in periodic and/or semi-persistent SRS transmission

Possible offline agreement: from Huawei’s proposal 1
NR supports gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}, 

	Agreement:
· NR supports gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}
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