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Introduction

This contribution relates to the following proposals and agreements from RAN1-90
Email discussion on the set of possible parameters for beam management, and the corresponding possible value(s) till next meeting by using the following list as a starting point (the list is subject to further update) – Sundar (Qualcomm)
· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.
· The number of slots between a CSI-RS burst for beam management and the associated report shall be at least RB slots.
· Number of slots between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB
· Number of slots between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of beam changes a UE has to conduct during a slot shall not exceed BB.
· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam mgmt and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The number of simultaneously triggered CSI report settings is no greater than C2B

R1-175040	WF on the use of SS-block for beam management	Qualcomm, Samsung, Ericsson, ZTE , vivo, NTT Docomo, Lenovo, Motorola Mobility, LGE, Sharp, MTK, AT&T, CEWiT, IITM, Reliance Jio, IITH, BT Group, National Instruments, NEC Corp., Idaho National Labs, Vodafone, Verizon, KT, Intel, Interdigital, Oppo
Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

R1-1715177	WF on CSI-RS configuration for beam management Ericsson, ZTE, Intel, Nokia, NSB, AT&T, Huawei, HiSilicon, CATT, Qualcomm, Sony, Mediatek, vivo, DCM
Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

Continue offline discussion – Sundar (Qualcomm)

Agreements:
· Support UE to provide information to gNB to assist UL beam management
· The information can be a number representing the amount of SRS resources required for UE Tx beam training
· FFS the supported number(s), taking into account performance and implementation complexity aspects
· Note: these set of SRS resources are associated with a set of Tx beams
· FFS: signaling method
· E.g., capability signaling, or msg3, or dynamic signalling
· FFS: impact of multi-panel 
· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact
Beam management configuration parameters
An email discussion on the set of possible parameters for beam management has been started prior to RAN1-90. Until now the following quantities have been introduced: 
· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.
· The number of slots between a CSI-RS burst for beam management and the associated report shall be at least RB slots.
· Number of slots between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB
· Number of slots between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of beam changes a UE has to conduct during a slot shall not exceed BB.
· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam management and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The the max number of CSI resources to measure L1-RSRP within a slot shall not exceed .
· Maximum number of Tx beam changes a UE has to conduct during a slot shall not exceed .
· Minimum time between aperiodic SRS for beam management and its DCI shall be at least  symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
· Maximum index of SRI for beam indication is 

For those parameters, we suggest the following values:
Proposal 1: We propose , , ,  ], , , = [10], , . The value of  depends on the protocol used to make the change of the PDCCH beam robust against transmission errors.

Configuration of L1-RSRP report using CSI-RS and SS-blocks
In RAN1-90 the following WF has been agreed upon

R1-175040	WF on the use of SS-block for beam management	Qualcomm, Samsung, Ericsson, ZTE , vivo, NTT Docomo, Lenovo, Motorola Mobility, LGE, Sharp, MTK, AT&T, CEWiT, IITM, Reliance Jio, IITH, BT Group, National Instruments, NEC Corp., Idaho National Labs, Vodafone, Verizon, KT, Intel, Interdigital, Oppo
Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

Structurally, SS-blocks and CSI-RS bursts are similar from a beam management point of view. They both can be described as being composed of a resource set with several resources. One can view each SS-block as a resource and the entire SS burst set as a resource set. Within the resource, the gNB transmits with a single antenna port. Like for CSI-RS the antenna port is associated with a sweeping beam. 
Based on this common framework, one can define reporting and measurement settings for SS-blocks in the same way as for CSI-RS. This will simplify the NR specifications and the implementation of the measurement and reporting framework in the UE and gNB.
Proposal 2: L1-RSRP reports, as well as reporting and measurement settings for CSI-RS and SS blocks shall use identical formats.
Conveying beam measurement and reporting to UE (split between RRC and DCI)
Measurement and reporting for aperiodic CSI-RS can be triggered and selected conveniently and in a timely manner by appropriate bit fields of DCI that announces the CSI-RS burst. Periodic measurements and reports for periodic CSI-RS and SS-blocks can be conveyed through RRC messages. Beyond that there may be a need for aperiodic measurements and reports for periodic CSI-RS and SS-blocks. The gNB may use such aperiodic reports since it does not want to wait until a periodic report is furnished. Therefore, it is preferred to trigger these reports through DCI rather than RRC.
Proposal 3: Aperiodic measurements and reports shall be conveyed through DCI, while periodic measurements and reports shall be setup and triggered through RRC messages.
Time domain repetitions of CSI-RS resources for P2/P3 procedures
Regarding P2/P3 procedures the following working assumption has been reached in RAN1-90:
R1-1715177	WF on CSI-RS configuration for beam management Ericsson, ZTE, Intel, Nokia, NSB, AT&T, Huawei, HiSilicon, CATT, Qualcomm, Sony, Mediatek, vivo, DCM
Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

The information element (IE) associated to the CSI-RS resource set is useful to convey to the UE whether a P2 or P3 procedure is conducted. The approach can be generalized to a joint P2/P3 procedure. Figure 1 shows an example of such a procedure. There, the gNB offers a CSI-RS burst consisting of 6 single symbol CSI-RS resources, where the gNB beam stays constant for the first and the second three symbols. Therefore, the UE can use the first three and the last three symbols for a P3 procedure. It is assumed and conveyed to the UE that all gNB beams are spatially close or QCL. Therefore, the UE uses the same set of beams  for both P3 sweeps. 
How can this gNB sequence be conveyed to the UE? This can be achieved by associating an information element to each single symbol CSI-RS resource. Thereby, the agreement is that for any two resources with the same the information element contents, the UE may assume that the gNB uses the same TX beam.  In the example of Figure 1, the information elements of the first three CSI-resources will be the same, say zero and the information elements for the last three CSI-RS resources it will be the same, say 1.



Figure 1: Example of a joint P2-P3 procedure with two gNB beams  and three UE beams .

Proposal 4: For aperiodic CSI-RS for beam management the gNB shall provide a beam procedure information element for each CSI-RS resource of a set. For two CSI-RS resources with the same contents of beam procedure information element, the UE may assume that the gNB uses the same TX-beam. This indicates to the UE whether and when it should sweep its RX beams.
Beam indication details
In our contribution section 2.1 of [1] we have pointed out that beam pair links can be indicated based on the gNB beam or the UE beam involved. We have shown that a UE beam based indication offers some benefits similar to those of beam grouping for a modest overhead in signaling.
Observation 1: Indication of BPLs based on UE-beams versus gNB-beams offers benefits like those of beam grouping for a modest overhead in signaling. 
Proposal 5: NR shall support UE-beam based indication of BPLs.
Support for 2-port CSI-RS resources for beam management
Polarization MIMO can be supported through beam management effectively, if the CSI-RS resources for at least a P1 sweep (i.e. periodic CSI-RS) contain two gNB ports of opposite polarization. Placing both ports in the same CSI-RS resource implicitly indicates to the UE that 

i. the gNB uses the same directivity pattern for both antenna ports and 
ii. that both antenna ports are associated with opposite polarization and
iii. that the gNB may use those ports preferably for polarization MIMO. 
This allows the UE to find the best RX subarray pair to support polarization MIMO. Otherwise finding the best subarray pair is postponed to the channel acquisition phase, where it may only be performed by repeated transmission of the CSI-RS bursts, which is wasteful.

Proposal 6: Polarization MIMO is best supported if at least periodic CSI-RS is transmitted with CSI-RS resources containing two gNB antenna ports of opposite polarization.
UL beam management
Regarding UL beam management the following agreement has been reached in RAN1-90:
Agreements:
· Support UE to provide information to gNB to assist UL beam management
· The information can be a number representing the amount of SRS resources required for UE Tx beam training
· FFS the supported number(s), taking into account performance and implementation complexity aspects
· Note: these set of SRS resources are associated with a set of Tx beams
· FFS: signaling method
· E.g., capability signaling, or msg3, or dynamic signalling
· FFS: impact of multi-panel 
· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact

The total radiated power (TRP) of the gNB exceeds that of the UE by at least 10dB. This translates to a considerably better link budget on the downlink (DL) compared to the uplink (UL). Therefore, beam pair links (BPL) are better discovered and maintained on the DL as compared to the UL. Such identified BPLs can then immediately be used on the UL provided that gNB and UE are able to provide reciprocal beams. While this may readily be assumed for gNBs it may not be true for all UEs. The purpose for UL beam management is to support the latter class of UEs in finding Tx beams reciprocal to Rx beams that belong to working downlink BPLs. 
Proposal 7: In NR, the purpose of UL beam management is to support UEs that cannot on their own provide Tx beams reciprocal to given Rx beams. UL beam management enables those UEs to translate BPLs useful for DL into (reciprocal) BPLs useful for UL.  

Conclusions

Proposal 1: We propose , , ,  ], , , = [10], , . The value of  depends on the protocol used to make the change of the PDCCH beam robust against transmission errors.
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Proposal 2: L1-RSRP reports, as well as reporting and measurement settings for CSI-RS and SS blocks shall use identical formats.

Proposal 3: Aperiodic measurements and reports shall be conveyed through DCI, while periodic measurements and reports shall be setup and triggered through RRC messages.
Proposal 4: For aperiodic CSI-RS for beam management the gNB shall provide a beam procedure information element for each CSI-RS resource of a set. For two CSI-RS resources with the same contents of beam procedure information element, the UE may assume that the gNB uses the same TX-beam. This indicates to the UE whether and when it should sweep its RX beams.
Observation 1: Indication of BPLs based on UE-beams versus gNB-beams offers benefits like those of beam grouping for a modest overhead in signaling. 
Proposal 5: NR shall support UE-beam based indication of BPLs.
Proposal 6: Polarization MIMO is best supported if at least periodic CSI-RS is transmitted with CSI-RS resources containing two gNB antenna ports of opposite polarization.

Proposal 7: In NR, the purpose of UL beam management is to support UEs that cannot on their own provide Tx beams reciprocal to given Rx beams. UL beam management enables those UEs to translate BPLs useful for DL into (reciprocal) BPLs useful for UL
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