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1 Introduction
In this contribution, we summarize open issues on SRS design simply based on existing agreements which are relevant to SRS.

2 Open issues based on NR-MIMO agreement
· Open issues in AI SRS

· SRS antenna port
· Number of SRS antenna port
· Open issue No 1:Whether 3,8 are needed in addition to 1,2,4. (See Appendix 21)
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]:none

Opinion/proposal:Support 3
Note: It seems that Ericsson will not stick to port number 3.

Company name: Samsung

Contact person: Li Guo　or　Eko
TDoc number of WF (if you have)]: R1-1709662  WF on the Number of Ports for UL Transmission 
Opinion/proposal: Support 8
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: we think 1,2,4 ports are sufficient for SRS
Company name: CATT

Contact person: Rakesh

TDoc number of WF (if you have)]:none

Opinion/proposal:
Not support other port number in addition to 1,2,4

Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Not support other port number in addition to 1,2,4
Company name: Lenovo

Contact person: Chenxi Zhu

TDoc number of WF (if you have)]:none

Opinion/proposal: Support 8 ports
Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support at least port number 1, 2, 4

Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal: Support 8
· Location of antenna port
· Open issue No 2:FFS: The SRS resources can be mapped in TDM/FDM/CDM manner(See Appendix 18)
Company name: Huawei

Contact person: 

TDoc number of WF (if you have)]:none

Opinion/proposal: Support TDM/FDM/CDM.
· Open issue No 3:Where all of the X SRS ports are sounded in each OFDM Symbol(See Appendix 33)
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]: R1-1709378 WF on number of symbols for SRS (treated)
Opinion/proposal:Support an X-port SRS resource spanning 1,2, or 4 OFDM symbols at least

Company name: CATT

Contact person: Rakesh

TDoc number of WF (if you have)]:none

Opinion/proposal:( short description is preferable. Detail can be described in your WF)
X ports SRS can be sounded in each OFDM symbol.

Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: X ports SRS can be sounded in each OFDM symbol.
Company name: Huawei

Contact person: 

TDoc number of WF (if you have)]:none

Opinion/proposal: Support all of the X SRS ports are sounded in each OFDM Symbol.

Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal: X ports SRS can be sounded in each OFDM symbol.
· Open issue No 4:The issue of dynamic port/antenna/resource selection by gNB and UE, has an FFS that needs to be discussed further. (See Appendix 20)
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: It’s preferred that all the X SRS ports of one resource are transmitted in one OFDM symbol via FDM/CDM and then multiple SRS resources can be configured if needed for UL beam management. Dynamic port/antenna/resource selection by UE which is transparent to gNB is not needed.
Company name: CATT

Contact person: Rakesh

TDoc number of WF (if you have)]:none

Opinion/proposal:( short description is preferable. Detail can be described in your WF)
Transparent port/antenna/resource selection

Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Transparent port/antenna/resource selection
Company name: Lenovo

Contact person: Chenxi Zhu

TDoc number of WF (if you have)]: none
Opinion/proposal: Support an X-port SRS resource spanning 1,2, or 4 OFDM symbols at least

Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support TDM/FDM/CDM. Multiple symbols can be used for SRS transmission in case of hybrid beamforming with limited TXRU number or power limited UE for coverage enhancement. 
Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal: Transparent port/antenna/resource selection.
· SRS sequence design
· Open issue No 5:To down-select one method for NR SRS sequence generation based on at least the following alternatives(See Appendix 22)
· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 
· Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position.
Company name: Huawei
Contact person: min
TDoc number of WF (if you have)]:R1-17009164 WF on sequence design for SRS: already treated on Monday. First bullet got agreement. 
Opinion/proposal:Alt1 is supported(second bullet of the WF) .
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]:R1-1709551 WF on sequence design for SRS
Opinion/proposal:Alt2 is supported
Note: Huawei and Ericsson have a different view each other in terms of Alt1/Alt2 down selection issue.

Ericsson think that the evaluation result is needed to do the down selection.

Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Basically, Alt 1 is necessary for cell-edge UEs (low PAPR/CM required UEs). Alt 2 can also be considered.

Company name: Mitsubishi Electric
Contact person: Fumihiro

TDoc number of WF (if you have)]: based on contribution R1-1709006
Opinion/proposal: The method should allow flexible SRS sequence assignment, lower inter-cell interference and be capable of producing sufficient number of SRS sequences for all use cases considered in NR.
Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal: Alt2 is supported.
· Open issue No 6:Detailed sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol(See Appendix 26)
· Open issue No 7:Minimum overlap granularity to allow for low or zero mutual cross-correlation when using the same root sequence  values in the overlapping REs (See Appendix 32)
· Open issue No 8:Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources Position & timing of SRS transmission(See Appendix 32)
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]:R1-1709551 WF on sequence design for SRS
Opinion/proposal:Squence design must take into account not only cubic metric/PAPR, but also cross-correlation properties amongst overlapping and partially overlapping SRS.

Company name: Huawei

Contact person: min

TDoc number of WF (if you have)]: none

Opinion/proposal: LTE-like SRS sequence generation with more SRS sequences and NW based planning and cancellation to mitigation SRS interference 

· Open issue No 9:Details of SRS sequence ID(See Appendix 34)
Company name: Mitsubishi Electric
Contact person: Fumihiro

TDoc number of WF (if you have)]: R1-1709638 WF on SRS seq generation
Opinion/proposal: Support configurable SRS sequence ID for SRS sequence generation: ZC root of SRS sequence is at least a function of SRS sequence ID, FFS on details of the function. Both DCI and RRC configuration of SRS sequence ID can be considered.
Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: UE-specifically configured SRS sequence ID.

Company name: Lenovo

Contact person: Chenxi Zhu

TDoc number of WF (if you have)]: 

Opinion/proposal: At least Alt 1 should be supported.

Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: SRS base sequence is generation in UE specific ID, than partitioned/modified according to the SRS PRB location 

Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal:. UE-specific VCID can be introduced to generate SRS base sequence of each SRS band
· Frequency hopping

· Open issue No 10:Detailed configurable frequency hopping (See Appendix 21)

· Open issue No 11:Frequency hopping within a partial-band
· Open issue No 11-1:Frequency hopping for CSI acquisition (See Appendix 33)
Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Support frequency hopping for CSI acquisition. FFS frequency hopping for beam management.

· Open issue No 11-2:Frequency hopping for beam management (See Appendix 33)

· Open issue No 12:Frequency hopping among partial-band(See Appendix 26)
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]:R1-1709379 WF on frequency hopping for SRS
Opinion/proposal:In an X-port SRS resource spanning multiple symbols within one slot, all ports sounded in each OFDM symbol

Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Inter-slot hopping is at least supported.  Intra-slot hopping is FFS.
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: Frequency hopping within/among a partial band can be supported for CSI acquisition. For beam management, different SRS transmissions for Tx/Rx beam sweeping should be transmitted in the same frequency resource without frequency hopping.

Company name: CATT

Contact person: Rakesh 

TDoc number of WF (if you have)]:R1-1709528 WF on SRS partial band hopping(treated)
Opinion/proposal:( short description is preferable. Detail can be described in your WF)

Support frequency hopping among partial-band

Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Support frequency hopping among partial-band if UE is configured with multiple partial-bands.

Company name: Lenovo

Contact person: Chenxi Zhu


TDoc number of WF (if you have)]: 

Opinion/proposal: Support frequency hopping among partial-band. Support intra-slot hopping.
Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support frequency hopping among partial-band for CSI acquisition SRS. Frequency hopping for beam management SRS are FFS
Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal:. Support frequency hopping among partial-band. Support multiplexing of SRS and PUSCH in the same symbol
· SRS Configuration

· Open issue No 13:Consider the maximum value of K(K ≥ 1 NR-SRS resources that a UE can be configured) to be a UE capability to avoid mandatory support for large values of K (See Appendix 14)
· Open issue No 14:SRS bandwidth(See Appendix 16, Appendix 21) 
Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Number of allowed SRS sequence bandwidths for each UL bandwidth is network configurable and can be determined using UE(-group) specific parameters.

· Open issue No 15:SRS configuration related to numerology(ies) , FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)(See Appendix 13)
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: Simultaneous multi-numerology SRS transmission is not supported in NR.
Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Not support simultaneous multi-numerology SRS transmission in NR for one carrier.
· Open issue No 16:Clarify the following agreed configurations are applicable to each NR-SRS resource from K configured NR-SRS resources:(See Appendix 21)
·  NR-SRS bandwidth
· Number of CP-OFDM/DFT-S-OFDM symbols
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]: R1-1709378 WF on number of symbols for SRS(treated)
Opinion/proposal:Support an X-port SRS resource spanning 1,2, or 4 OFDM symbols at least

· Number of SRS ports
· Comb level 
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: At least bandwidth, SRS ports number and comb should be included in each NR-SRS resource.

· Open issue No 17:Detailed SRS configuration from following candidates for UL-MIMO precoding for data scheduling(See Appendix 25)

· Single SRS resource based
· Multiple SRS resource based
· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: We support a multi-step SRS for UL CSI acquirement with flexible SRS configuration. The SRS resource(s) for beam management and CSI acquirement can be configured by gNB to be single resource or multiple SRS resources.
Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]: R1-1709376 WF on SRS Tx beam determination(treated)
Opinion/proposal: We support a multi-step SRS for UL CSI acquirement.

· Propose to support a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS.

· The UL RS indication can be SRI(SRS resource indicator), at least.

· FFS: The indication via MAC CE and/or DCI

Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Support single SRS resource based and multiple SRS resource based.

Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal:. Support multi-step SRS for UL CSI acquirement
· Detail design for aperiodic SRS triggered by the network
· Open issue No 18:Detailed design for aperiodic SRS triggering field in DCI(See Appendix 31)
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]: 

Opinion/proposal: Details of RRC configuration of multiple SRS resources and dynamic triggering of selected SRS transmission through DCI needs further study.

· Open issue No 19:Details on resource configuration and timing (between triggering and transmission) for aperiodic SRS
· Open issue No 20:FFS on other trigger mechanism, e.g. event triggered(See Appendix 9)
· Open issue No 21:Whether and how to support multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network(See Appendix 9)
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: The resource configuration and timing of aperiodic SRS should be flexible, e.g. dynamic configuration can be considered. Multi-shot SRS is supported for flexible UL beam management, e.g. U-2/U-3.
· Open issue No 22:Detail design for periodic/semi-persistent SRS(See Appendix 21)
· Activation and de-activation mechanism for semi-persistent SRS
· Resource and timing related configuration (e.g. periodicity, slot offset, etc.) for semi-persistent/periodic SRS
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: Activation and de-activation of semi-persisent SRS is configured via MAC-CE.
· Open issue No 23:FFS: Simultaneous SRS transmission can be from multiple panels.(See Appendix 9)
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: Simultaneous SRS transmission from multiple panels can be supported to provide channel information of multiple panels for panel selection or multiple panel transmission.
· Open issue No 24:Decide how many and which symbol(s) can be used for SRS transmission in one slot
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: Multiple symbols for SRS transmission in one slot is supported at least for UL beam management.
Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support to limit the maximum configurable number of SRS symbols for UL beam sweeping to a several symbols (e.g. 4 symbols) within a slot.
Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Symbol locations for SRS transmission are configurable in NR where a subset (e.g. 1,2,4) of or all available UL symbols in one slot can be configured to transmit SRS.

Company name: Lenovo

Contact person: Chenxi Zhu

TDoc number of WF (if you have)]: none

Opinion/proposal: Symbol locations for SRS transmission are configurable on per UE basis. Symbol location/subband/port number for a UE within a slot can be jointly configured.

Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Symbol locations for SRS transmission are configurable and possible symbol number can be {1, 2, 4}.
Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal:. Symbol number for SRS transmission can be configurable according to available UL symbols in one slot
· Open issue No 25:Differentiation of the SRS resources(SRS configurations) based on the use case ( UL CSI acquisition, DL CSI acquisition, beam management, etc) needs to be discussed
· Note: It is likely that common SRS frame work is being assumed as follows.

·  Common SRS frame work with different configurations for different use cases

Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: Different SRS resources can be configured for UL CSI acquirement and UL beam management.
Company name: CATT

Contact person: Rakesh 

TDoc number of WF (if you have)]: R1-1709764 WF on SRS framework
Opinion/proposal:
-An UE can be configured  with multiple numerologies however simultaneous transmission is not supported

-For aperiodic SRS transmission, an UE can triggered N(1 aperiodic SRS transmission by one signal  

-For semi-persistent SRS transmission, an UE can be configured to transmit SRS in each OFDM (or sub time unit smaller than OFDM symbol if supported) symbol for semi-persistent SRS transmission 

Note:  At least among CATT, Ericsson and LG, they have common consensus on Thursday.

Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support to configure two different types of SRS resources in terms of their different operational purposes, i.e., SRS resource(s) for UL link adaptation, and SRS resource(s) for UL beam management.

Company name: Lenovo

Contact person: Chenxi Zhu

TDoc number of WF (if you have)]: none

Opinion/proposal: SRS for beam management and CSI acquisition can be separately configured, possibly with different numerologies.Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal: Support to configure two different type of SRS resource for beam management or CSI acquisition.
· Open issues in AI beam management
· Open issue No 26:Whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping(See Appendix 29)
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: The same SRS transmission power should be used by gNB and assumed by UE during one round of Tx beam sweeping or one round of Rx beam sweeping.
Company name: LG Electronics

Contact person: Jonghyun Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Careful designs/considerations are required on this issue, in consideration of agreed beam-specific power control which may support multiple power control processes, although in principle it can be supported to use the same transmission power for transmitting some SRS resources for UL beam management. 

Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Support UE to use same transmission power for SRS transmission during one round of beam sweeping.

Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support UE to use same transmission power for SRS transmission during one round of beam sweeping. That means the same power control parameter set is used for SRS transmission with swept beams in one round.
· Open issue No 27:Details to support SRS precoded with same and different UE Tx beams within a time duration, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following: (See Appendix 18)
· Open issue No 27-1:Different UE Tx beam: FFS per SRS resource and/or per SRS port
Company name: Ericsson

Contact person: Stephen Grant

TDoc number of WF (if you have)]: 

Opinion/proposal: Our preference is per SRS resource

Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Each SRS resource corresponds to one Tx beam, or the SRS ports within one SRS resource are spatial QCLed with Tx spatial parameter. An SRS resource set includes one or more SRS resources, and gNB configures the beam sweeping type of the SRS resources within one SRS resource set.

· Open issue No 27-2:Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources

· Open issue No 27-3:FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· Open issue No 27-4:How can UE determine whether to use the same/different beams across resources/ports
Company name: OPPO

Contact person: Shizhihua/Chenwenhong

TDoc number of WF (if you have)]:none
Opinion/proposal from OPPO: 
-At least one Tx beam per SRS resource is supported for beam management. 
-For a given SRS resource for beam management, it is preferred that the same Tx beam across ports is used. 
-The same overhead reduction scheme as CSI-RS can be used for SRS (e.g. IFDMA or larger subcarrier spacing). 
-Whether UE should use the same/different beams across resources can be configured by gNB.
Company name: CATT

Contact person: Rakesh 

TDoc number of WF (if you have)]: 
Opinion/proposal:
-Different UE TX beam per SRS resource

-Same UE TX beam across ports for a given SRS resource 

-For overhead reduction support larger subcarrier spacing

-gNB signaling UE whether to use the same/different beams across resources

Company name: Samsung

Contact person: Li Guo

TDoc number of WF (if you have)]: 

Opinion/proposal: per SRS resource

One Tx beam per SRS resource

Same TX beam across ports in a SRS resource

gNB indicate whether same or different beams across resources and also indicate the Tx beam(s) on SRS resource.

Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: Support UE Tx beam per SRS resource. If overhead reduction technique is considered, IFDMA based enhanced scheme can be considered.
Company name: ZTE
Contact person: Chuangxin Jiang
TDoc number of WF (if you have)]:none

Opinion/proposal:. Whether to use the same/different beams across  SRS resources/ports should be indicated by gNB. 
· Open issues in AI CSI acquisition
· Open issue No 28:SRS switching (to obtain full channel information by multiple SRS transmission instants) is one of the candidate schemes for the case of non-ideal channel reciprocity(See Appendix 30)
· Open issues in AI multi antenna scheme
· Open issue No 29:TRP coordination regarding SRS(See Appendix 17)
· Study network coordination schemes with ideal & non-ideal backhaul links, considering fast CSI acquisition, e.g. SRS configuration exchanging between different TRPs
Company name: Huawei

Contact person: Min
TDoc number of WF (if you have)]: none

Opinion/proposal: Support SRS configuration exchanging between different TRPs
Company name: Nokia

Contact person: Dan Park

TDoc number of WF (if you have)]:none

Opinion/proposal: For dynamic TDD interference mitigation, consider the reporting of a UE’s measurements of neighbouring cell UEs’ UL SRS transmissions to the serving cell of the UE making the measurements by aligning the SRS transmission resources with downlink CSI-IM resources.

Appendix
Appendix 1 #85 meeting agreement 
Agreements: 
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded
Appendix 2 #86 meeting agreement 
Agreements: 
· At least one of following RS configurations for CSI measurement are supported in NR

· Aperiodic RS

· Semi-persistent RS

· Periodic RS

· Study RS pattern for CSI measurement in NR both for DL and UL
· Study the density of RS

· Study the position of RS in the [subframe]
· Study the mapping of RS in one or several symbols
Appendix 3 #86bis meeting agreement
Agreements: 
· Group based beam management is to be further studied:

· Definition of beam grouping:

· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 

· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.

· Some examples can be found in R1-1610891 and R1-1609414
Appendix 4 #86bis meeting agreement
Agreements: 

· UL beam management is to be further studied in NR

· Similar procedures can be defined as DL beam management with details FFS, e.g.:

· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)

· Note: this is not necessarily useful in all cases

· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)

· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming

· FFS Indication of information related to Tx/Rx beam correspondence is supported

· Study UL beam management based on:

· PRACH

· SRS

· DM-RS

· Other channels and reference signals are not precluded

· Study uplink beam management procedure by considering the Tx/Rx beam correspondence

· For the case of TRP and UE have Tx/Rx beam correspondence

· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

Appendix 5 #86bis meeting agreement
Agreements:  
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement

· NR supports aperiodic transmission of CSI-RS

· For CSI-RS transmission, NR supports at least one of following:

· Semi-persistent transmission

· Preconfigured CSI-RS resources can be activated or de-activated
· FFS: Activation/De-activation mechanism
· Periodic transmission

· Periodic CSI-RS can be configured by higher layer

· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS

· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS

· NR supports aperiodic CSI reporting

· NR supports at least one of following:

· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting

· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS

· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases

· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least

· Aperiodic CSI reporting with aperiodic CSI-RS 

· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS

· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS

· To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings.

· ‘indication’ above may refer to triggering, activation, and deactivation depending on type of RS/reporting.

· Further study is needed how to guarantee appropriate time gap between indication of CSI-RS transmission and CSI-RS

· Further study is needed how to guarantee appropriate time gap between CSI-RS and CSI reporting

· Note: This does not preclude joint control of CSI-RS indication and CSI reporting indication.

Appendix 6 #86bis meeting agreement
Agreements: 
· At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement 

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: channel state information estimation and interference estimation
· FFS: beam management
· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used

· Reference signal for time/freq. tracking

· FFS whether new RS or RS for other functionalities can be used

· Reference signal for Radio link monitoring
· FFS whether new RS or RS for other functionalities can be used
· RS for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
· At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: beam management
· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
Appendix 7 #86bis meeting agreement
Agreements: 
· Support NR CSI-RS pattern with at least the following properties: 

· CSI-RS mapped in one or multiple [consecutive] symbols

· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85

· FFS: CSI-RS located at other part of a slot

· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 

· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS

· UE-specific configuration to support

· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with

· FFS: Different patterns may be used for wideband and subband CSI-RSs
Appendix 8 #86bis meeting agreement 
Agreements: 
· CSI-RS configuration for NR includes at least ‘number of antenna ports’

· Configuration can be explicit or impliit
· The number of CSI-RS antenna ports can be independently configured for periodic/semi-persistent CSI reporting and aperiodic CSI reporting
Appendix 9 #86bis meeting agreement 
Agreements: 
· NR supports configurable SRS bandwidth

· Partial-band size can be configured

· Partial-band is smaller than the largest transmission bandwidth supported by the UE

· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band

· FFS: Non-consecutive within partial band

· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms

· FFS: Simultaneous transmission can be from multiple panels.

· FFS: Frequency hopping of partial bands 

· Full band size can be configured

· Equal to the largest transmission bandwidth supported by the UE 

· NR supports aperiodic SRS transmission triggered by the network

· FFS on other trigger mechanism, e.g. event triggered

· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  

· FFS: NR supports at least one of followings 

· Periodic SRS transmission

· Semi-persistent SRS transmission

· FFS: NR supports multiple numerologies for SRS transmission from one UE

Appendix 10 #87 meeting agreement 
Agreements: 
· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 
· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array
· Should consider different inter-panel phase calibration cases
· FFS QCL related aspects
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.

· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on

· Should consider different inter-panel phase calibration cases
Appendix 11 #87 meeting agreement 
Agreements: 
· Study network side calibration to assist cross-TRP and cross-panel operation, e.g.:

· Necessity of same-panel calibration and specification impact, if any

· Potential UE-aided calibration: transmit/receive calibration signaling between gNB and UE(s)

· E.g., UE-aided calibration may use feedback from UE to gNB 

· Other methods to assist cross-TRP and cross-panel operation are not precluded

Appendix 12 #87 meeting agreement 
Agreements: 
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 

· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density

· Note: Other time-domain densities of PT-RS are not precluded

· At least for UL 

· The presence of PT-RS is UE-specifically configured

· FFS: Whether implicit and/or explicit UE-specific configuration is supported

· PT-RS is confined in the scheduled time/frequency duration for a UE

· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL

· The following are to be studied for PT-RS:

· Number of PT-RS ports to be supported

· Use of precoding 

· QCL relationship with other RS, e.g., DM-RS 

· Details on frequency domain pattern(s) and/or variable frequency domain densities

· Whether PT-RS is necessary for DFT-s-OFDM waveform

· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE

· Additional usage for estimating residual frequency offset and/or high-speed channel

· Possible method(s) to improve phase estimation performance from PT-RS

· E.g., using ZP/NZP PT-RS to reduce interference 

· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling

· Others are not precluded
· FFS whether new RS is introduced or extended DMRS is used for phase tracking
Appendix 13 #87 meeting agreement 
Agreements: 
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).

· FFS the value of N

· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability

· NR to support SRS transmission where the numerology(ies) can be configurable for a UE.

· FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)

Appendix 14 #87 meeting agreement 
Agreements: 
· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· FFS on the time duration/frequency span

· A UE can be configured with K ≥ 1 NR-SRS resources
· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K 

Appendix 15 #87 meeting agreement 
Agreements: 
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)
Appendix 16 #87 meeting agreement 
Agreements: 
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).

· FFS the value of N

· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability

· NR to support SRS transmission where the numerology(ies) can be configurable for a UE.

· FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)

Appendix 17 #Adhoc201701 meeting agreement 
Agreements: 
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:

· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)

· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 

· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.

· Study network coordination schemes with ideal & non-ideal backhaul links, considering 

· Fast CSI acquisition

· e.g. coordinated TRPs obtain CSIs through physical air interface

· e.g. SRS configuration exchanging between different TRPs

· Other techniques are not precluded

Appendix 18 # Adhoc201701 meeting agreement 
Agreements: 
· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration

· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:

· Different UE Tx beam: FFS per SRS resource and/or per SRS port

· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources

· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.

· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing

· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.
Appendix 19 # Adhoc201701 meeting agreement 
Agreements: 
· For UL CSI acquisition, UE can be configured with multiple SRS resources, where

· UE can be configured to transmit SRS in each configured SRS resource. Adopt at least one of alternative(s) below:

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port)

· Alt.2: UE should apply a Tx beamformer to SRS according to gNB indication with details FFS (e.g., Tx beam for each SRS port is indicated by gNB)

· Alt.3: Other possible scheme (not precluded)
Appendix 20 # Adhoc201701 meeting agreement 
Agreements: 
· NR SRS design should not assume a particular antenna configuration at UE and should support dynamic port/antenna/resource selection by gNB and UE

· In the case of UE selection, it can be disabled/enabled by gNB (if the UE selection is not transparent). FFS whether or not the selection is transparent

· E.g., UE with 4 ports can be configured with 2 ports SRS by gNB

· E.g., UE sends 2 ports SRS even though configured with 4 ports SRS by gNB
Appendix 21 # Adhoc201701 meeting agreement 
Agreements: 
· NR supports periodic and semi-persistent NR-SRS transmission. 
· Note aperiodic SRS transmission has been agreed 

· Out of K ≥ 1 configured NR-SRS resources:
· n be configured to transmit a subset of or all K NR-SRS resources with no precoding, the same or different precoding

· For periodic and semi-persistent transmission, the UE can be configured to transmit K NR-SRS resources with no precoding, the same or different precoding

· FFS details related position & timing of SRS transmission (including configurable)

· NR supports SRS transmission including 
· Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values)
· Comb levels are 2 and 4
· Configurable frequency hopping (details FFS)
· Clarify the following agreed configurations are applicable to each NR-SRS resource from K configured NR-SRS resources:
· NR-SRS bandwidth
· Number of CP-OFDM/DFT-S-OFDM symbols
· Number of SRS ports
· Comb level
Appendix 22 # Adhoc201701 meeting agreement 
Agreements: 
· To down-select one method for NR SRS sequence generation based on at least the following alternatives:

· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 

· Sequence design and other design details are FFS.

· Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position. 

· Sequence design and other design details are FFS.

· Taking into account metrics such as PAPR, capacity/flexibility, etc.

· Other parameters, if any, determining SRS sequence are FFS (e.g. SRS sequence ID)

Appendix 23 #88 meeting agreement 
Agreements: 
· Study further UE behavior(s) for SRS transmission and the details of the indication from gNB (if any)

Appendix 24 #88 meeting agreement
Agreements: 
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)

· Alt.2: based on gNB indication, e.g. via SRI
Appendix 25 #88 meeting agreement 
Agreements: 
· In NR, for SRS based UL-MIMO precoding for data scheduling, FFS the following aspects especially related to potential signaling impact:
· Single SRS resource based 
· Multiple SRS resource based 
· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.
Appendix 26 #88 meeting agreement 
Agreements: 
· NR considers SRS transmissions with sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol 
· FFS details
· NR supports frequency hopping within a partial-band for a UE
· At least hopping with a granularity of subband
· FFS other cases
· FFS SRS hopping among partial-bands
Appendix 27 #88 meeting agreement
Agreements:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.

Appendix 28 #88bis meeting agreement
Agreements:

· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

Appendix 29 #88bis meeting agreement
Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping

· E.g., derived from beam-specific power control signalling and maximum transmit power

· FFS: spec. impact 

Appendix 30 #88bis meeting agreement
Agreements:

· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes

· Scheme 1 (Baseline for performance comparison): Non-PMI feedback

· Each company states the assumed scheme for non-PMI feedback

· Scheme 2: Partial CSI feedback for gNB to acquire full CSI 

· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) with no reciprocal UL transmission due to the absence of Tx ports corresponding to the Rx ports at UE

· Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI

· For beamformed CSI-RS, precoding matrix is determined from CSI available at base station from SRS transmission

· PMI could be for a linear combination codebook

· Scheme 4: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching
· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)
· Scheme 5: Non-uniform beam sampling on codebook

· Configure different spatial resolutions in different spatial domain by CSR

· Combination of the above schemes can be considered
· Note: both performance and overhead should be considered when comparing the above schemes
· Simulation parameters are provided on slide 4 of R1-1706809 with the following update
· Adding “2Tx2Rx” to “UE antenna configuration”
· Change “2GHz” to “4GHz” in “Carrier frequency”
· Companies describe the assumed UL-DL calibration model, striving for a common model

· Companies are encouraged to provide the simulation results in next meeting

Appendix 31 #88bis meeting agreement 
Agreements:
· NR supports aperiodic SRS triggering field in DCI.

· Supports at least one state of the field that can select at least one out of the configured SRS resources. 

· FFS: details

Appendix 32 #88bis meeting agreement 
Agreements:
· Scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs) is supported, where

· The multiple SRS resources can share the same root sequence values in the overlapping REs to allow for low or zero mutual cross-correlation

· FFS: Minimum overlap granularity to ensure zero cross-correlation

· FFS: Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources
Appendix 33 #88bis meeting agreement 
Agreements:

· A UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot

· FFS where all of the X SRS ports are sounded in each OFDM symbol

· FFS at least for the purposes of CSI acquisition:

· FFS a multi-symbol SRS resource can be configured such that the X SRS ports in each OFDM symbol are transmitted in different locations of the band in different OFDM symbols in the slot in a frequency hopping manner

· Note: This allows sounding a larger part of (or the full) UE bandwidth using narrower band SRS transmissions

· Note: at any OFDM symbol, all X ports are sounded in the same portion of the band

· Note: Consider UE RF implementation aspects on SRS design that may place constraints on the design of the symbol-wise hopping pattern

· e.g., Required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed
Appendix 34 #88bis meeting agreement
Agreements: 
· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· Configuration examples: 
· higher layer 
· high layer + L1 signalling, If hierarchical indication of SRS sequence ID is supported, (example: base sequence ID and/or phase rotation ID)
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