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Introduction
In terms of beam management procedures, we have the following agreements from RAN1-NR AH.   
R1-1701321	WF on beam reporting	Samsung, KT
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.

R1-1701292	WF on CSI Framework for NR	Samsung, Ericsson, LG Electronics, NTT DOCOMO, ZTE, ZTE Microelectronics, KT Corporation, Huawei, HiSilicon, Intel Corporation
Agreements:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering

R1-1701317	WF on UL Beam Management	MediaTek, LG, InterDigital, vivo, Xinwei, ZTE, ZTE Microelectronics, Intel, ITRI, Huawei, HiSilicon, CMCC, OPPO, Ericsson, DOCOMO
Also supported Samsung
Working assumption:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)
· Details are FFS, including at least the following study:
· Signal(s) for the mechanism(s) if necessary
· E.g., SRS, PRACH preamble, UL DMRS
· Additional contents can also be included, e.g., beam reporting
· Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping
· Impact of beam correspondence Status
· E.g., When to use the mechanism(s)
· E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure
· UE capability reporting
· E.g., capability of analog beamforming
· Consider the cases when UL and DL are from the same TRP and from different TRPs
· Conditions when the mechanism is particularly useful

R1-1701403	WF on codebook design for DL multi-panel MIMO in NR	Huawei, HiSilicon, Intel
Agreements:
· At least Type I CSI feedback should support multi-panel scenarios by choosing one of the two following alternatives:
· Alt1: only wideband co-phasing factor across panels
· Alt2: wideband and subband co-phasing factor across panels 
· At least the following criteria should be used:
· Performance-overhead tradeoff
· Description of design goal, e.g. for channel compensation or hardware impairments  
· FFS: How to capture this feature (co-phasing factor across panels) in codebook design
· Examples: in W3 with W1W2W3, W1W3W2 or W3W1W2 structure, W1W2 where multi-panel co-phasing is included in either W1 or W2
· Other examples are not precluded

R1-1701503	Way Forward on Beam Reporting for NR MIMO	ZTE, ZTE Microelectronics, Ericsson, Intel, MediaTek, Nokia, ASB, Samsung
Working assupmtions:
· Support at least one of these two alternatives of beam reporting:
· Alt 1:
· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  
· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal
· Note: It is UE implementation issues on how to construct the Rx beam set.  
· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.
· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:
· UE reports information about TRP Tx Beam(s) per UE antenna group basis
· where UE antenna group refers to receive UE antenna panel or subarray 
· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE
· FFS: How UE antenna group or Rx beam set is captured in the specification

R1-1701506	Beam indication	Samsung (Boon)
Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 
· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)
· Option 1: Information indicating the RS antenna port(s) is indicated via DCI
· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication
· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication
· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported
· FFS: whether to support either or both options
· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel
· Note: Indication may not be needed for some cases:

R1-1701536	Way Forward on CSI-RS for Beam Management Intel, Qualcomm, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, Verizon Wireless, CATT, MTK, NTT Docomo, CMCC, ZTE, ZTE Microelectronics, KT, LG, vivo

Agreements:
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design

Framework for beam management 
SSS beams
The synchronization signals such as PSS/SSS and PBCH and the associated gNB beams, denoted in the following as SSS beams, can be relied on by the UE in idle mode. The UE will use the SSS-beams for its decision about cell reselection. The UE will determine the SSS beams with the highest RSRP. For access, the DL time of the SS block with the highest RSRP will determine the time in which the UE transmits either SR or RACH. The former occurs if the UE has not switched cells and is still uplink synchronized.  In both cases, the gNB determines the direction in which it receives the UE best. The receive beam of the UE used for the best SS-beam is an operational beam to the gNB. In other words, after a successful access, a first beam pair link has been established. 
The first beam pair link (BPL) may be suboptimal in two ways. First, the UE may not have optimized its receive beam to the fullest extent. Second, for the transmission of the synchronization signal the gNB may have employed multiple panels pointing in different spatial directions, denoted in the following as composite beam, or in general it may have used beams wider than the typical control/data beams. Further, at this point other candidate BPL have not been established yet. They become useful if the quality of the first BPL deteriorates.
To overcome these drawbacks, the gNB will have to provide further beam sweeps at least immediately after access using CSI-RS or MRS. In the former case the gNB will benefit, if the UE reports the N best SSS beams. The gNB can then limit its CSI-RS sweep to beams that are QCL to the N best reported SSS beams. At the same time the gNB can inform the UE which CSI-RS antenna port is QCL to which reported SSS beams. This information allows the UE to select its most adequate subarrays/beams for each symbol of the CSI-RS burst. 
If the SSS report of the UE also identifies for which SSS beam it has not fully trained its receive beam, the gNB may consider to provide P3 training opportunities as well.
Proposal 1: UEs in idle mode can rely on SSS beams for cell reselection and for beamforming for (re)accessing the cell. UEs in connected mode should provide SSS reports as they can make CSI-RS beam sweeps more efficient. 
Benefits of MRS
In MMW, the gNB transmits MRS-2 in a beam formed manner for the benefit of connected UEs. They should measure the RSRP of these beams and report the N-best beams as this will aid beam management. 
Neighboring cells may have timing and frequency offsets different from the serving cell. MRS-2 should support the measurement of CFO and timing offsets. 

Proposal 2: MRS-2 should be constructed to enable the UE to measure CFO and timing offsets of neighboring cells.
The bandwidth of MRS-2 influences the accuracy of any beam selection: a gNB beam that passes through a cluster of reflectors/scatterers will have a channel impulse response with a certain delay spread. The delay spread determines the coherence band width. If the bandwidth of MRS-2 is less than the coherence bandwidth, MRS-2 does not fully characterize the beam. It is quite possible that a beam has good RSRP when observed through the bandwidth of MRS-2, but performs badly outside of this bandwidth.   
Proposal 3: MRS-2 should have a wider bandwidth than SSS for accurate beam selection.

CSI-RS 
The gNB can use CSI-RS to provide the UE with P-1, P-2 and P-3 beam sweeps. For CSI-RS transmissions, the gNB needs to signal (besides other parameters) the number of antenna ports and the particular RE-to-antenna port mapping of the burst. The signaling may of course be implicit by referring to a certain CSI-RS process-id. Such signaling supports a framework that allows to handle Type-I and Type-II patterns in a unified manner. 
Proposal 4: Use a unified scheme for RE-to-port mappings for CSI-RS Type-I and Type-II patterns. 
The UE needs to know for each gNB antenna port whether and when the associated beam changes during the CSI-RS burst. This needed side information is cumbersome to convey. It is easier to have the convention that if a CSI-RS antenna port is associated with a different gNB beam (at different times), then it should be mapped to a different antenna port numbers.
Proposal 5: gNB antenna ports associated with different gNB beams should be mapped to different port numbers.
For each CSI-RS antenna port, if possible, the gNB should signal to the UE information that enables it select the appropriate receive subarray/beam. This can be done by referencing prior SSS/CSI-RS reports, in which the UE reports measurements of observed gNB beams. The set of all these beams form a gNB beam pool. For each CSI-RS antenna port the gNB points out which member of the gNB beam pool it is QCL to.
Proposal 6: The gNB should provide sufficient QCL information for antenna ports as available from prior reports.   
If the same CSI-RS port occurs in different symbols the UE knows that it is associated with the same gNB beam and it can use the opportunity for training its receive beam. As the following examples how this framework can be used to support beam sweeps where P1, P2 and P3 are interleaved. 
Figure 1(a) illustrates an example of a P-2 beam sweep involving two beams transmitted by two gNB panels. Each panel consists of two cross polarized subarrays beam-formed in the same direction. At a given time 4 TXRUs are active. The beams sweep over the course of 4 OFDM symbols. Therefore altogether 16 ports are associated to the CSI-RS burst. They are numbered as 200….215 in this example. Note that port numbers in each OFDM symbol are different since the gNB beams point in different directions in different symbols. In Figure 1(b), we see the example of a P-3 beam sweep also over 4 OFDM symbols. The gNB beams do not change from symbol to symbol and according to proposal 7 only four ports are involved. They are numbered from 200 to 203. On the other hand, Figure 2 illustrates the example of a combined P-2/P-3 beam sweep over 8 OFDM symbols with two beams (each beam exciting both polarizations). During the first 4 symbols in this example, the P-2 sweep is conducted as in Figure 1(a) and in the next 4 symbols, it is repeated. This gives the UE a chance to use different Rx beams on the second set of four symbols. The gNB provides for each of these ports the information on what prior experienced port it is QCL with. 
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                                               (a)                                                                                      (b)
Figure 1: (a) Example of a P-2 sweep over 4 symbols with 2 simultaneous beams using port numbers 200 … 215. (b) Example of a P-3 sweep over 4 symbols with 2 simultaneous beams using port numbers 200 … 203.
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Figure 2: Example of a P-2/P-3 sweep over 8 symbols with 2 simultaneous beams using port numbers 200…215. 
Simultaneous beam refinement 
[bookmark: _GoBack]During a beam refinement process, gNB and UE pair several of tx-beams with a number of rx-beams and evaluate the RSRP for each pair. This process consumes quite some time if many such pairs have to be evaluated. It can be sped up if several such pairs can be evaluated simultaneously. This requires that the gNB transmits one or more tx-beams simultaneously with different (orthogonal) waveforms and the UE is able to receive them simultaneously. The latter is the case, if the UE can pick up the tx-beams either by the same subarray or by different subarrays that each can be connected to a TXRU leading to the modem. Obviously this capability depends on the RF infrastructure of the UE. Relevant parameters for this capability are the number of antenna subarrays, the number of TXRUs and the flexibility to simultaneously connect subarrays to TXRUs. Figure 1 depicts an example: let  and  denote the receive beams used in the subarrays that are wired to TXRU0 and TXRU1. Let  denote the beams transmitted simultaneously by the gNB. In this situation the UE can simultaneously evaluate the following three beam pairs: . Further, as depicted five Rx-beams for  and  are to be tried out. This can be accomplished within five symbols, during which a total of 15 beam pairs are evaluated. 



Figure 1: UE simultaneously receiving 3 Tx-beams.

The simultaneous beam refinement can only work, if the UE indicates to the gNB which TX-beams it can receive simultaneously. Such information aids the gNB in reducing the overhead of CSI-RS Type-2 transmissions. 
Proposal 7: For Type-2 CSI-RS, the UE should report (several) sets of gNB-beams for which a TX-RX beam refinement can occur simultaneously. This information can be part of SSS/CSI-RS reports.
MIMO compatible beams
Depending on the RF architecture of the UE, certain subsets of the N best beams are suitable for MIMO transmission, and other subsets are not. We call such a suitable subset “MIMO compatible”. For example, if two beams can only be received by one subarray, these two beams are not suitable for a MIMO transmission with multiplexing gain. The gNB cannot know a priori which gNB-beams are MIMO compatible for a particular UE. In the absence of this knowledge the gNB may schedule a CSI-RS burst where it configures the UE with MIMO incompatible beams. The CQI report would indicate a poor performance and air-link resources would be wasted. This can be avoided, if the UE reports explicitly or implicitly the sets of gNB-beams that are suitable for MIMO transmission.

Proposal 8: Reporting of sets of candidate gNB beams suitable for MIMO transmission (MIMO compatible beams) helps to prevent unsuccessful Type-1 CSI-RS bursts.  

The gNB selects the beams for a Type-I CSI-RS burst such that they are elements of a particular MIMO compatible set identified in an earlier report. This may be true also for certain Type-II CSI-RS bursts. Then the QCL information for each CSI-RS report can be substituted by the identifier of the MIMO compatible set of gNB beams. With this identifier the UE knows exactly which subarrays/beams are appropriate for the reception of the CSI-RS burst.

Proposal 9: For all Type-1 and some Type-II CSI-RS, the gNB informs the UE about suitable subarrays and beams for reception of CSI-RS by referring to a previously reported set of MIMO compatible beams. 

Switching PDSCH beams
The beam measurements identified through the various reference signals provide input to the base station about the suitable precoding/beamforming that needs to be used for various channels. For example, based on the measurements of CSI-RS, the gNB may choose to switch the PDSCH beams (from a current beam to a new beam).  Consider a scenario where an UE monitors NR-PDCCH over multiple beam pair links BPL  with PDSCH transmitted over BPL .  If the network detects that BPL  is blocked, NR-PDCCH is a natural candidate to signal a PDSCH beam switch. For a NR-PDSCH beam switch, the UE processing time required to decode the NR-PDCCH, process it and switch its Rx beam should be taken into consideration. The network should take into account this processing delay while scheduling NR-PDSCH.  

Proposal 10: Study using NR-PDCCH to convey NR-PDSCH beam switch indication to UE, to inform UE of a change in NR-PDSCH Tx Beam.

Proposal 11: If NR-PDCCH indicates a NR-PDSCH beam switch, then UE processing time to decode the NR-PDCCH and switch its Rx beam should be taken into consideration. This can be a function of UE capability.

Proposals  
Based on the above discussion, we make the following proposals in this contribution. 
Proposal 1: UEs in idle mode can rely on SSS beams for cell reselection and for beamforming for (re)accessing the cell. UEs in connected mode should provide SSS reports as they can make CSI-RS beam sweeps more efficient. 
Proposal 2: MRS-2 should be constructed to enable the UE to measure CFO and timing offsets of neighboring cells.
Proposal 3: MRS-2 should have a wider bandwidth than SSS for accurate beam selection.
Proposal 4: Use a unified scheme for RE-to-port mappings for CSI-RS Type-I and Type-II patterns. 
Proposal 5: gNB antenna ports associated with different gNB beams should be mapped to different port numbers.
Proposal 6: The gNB should provide sufficient QCL information for antenna ports as available from prior reports.
Proposal 7: For Type-2 CSI-RS, the UE should report (several) sets of gNB-beams for which a TX-RX beam refinement can occur simultaneously. This information can be part of SSS/ CSI-RS reports.
Proposal 8: Reporting of sets of candidate gNB beams suitable for MIMO transmission (MIMO compatible beams) helps to prevent unsuccessful Type-1 CSI-RS bursts. 

Proposal 9: For all Type-1 and some Type-II CSI-RS, the gNB informs the UE about suitable subarrays and beams for reception CSI-RS by referring to a previously reported set of MIMO compatible beams. 

Proposal 10: Study using NR-PDCCH to convey NR-PDSCH beam switch indication to UE, to inform UE of a change in NR-PDSCH Tx Beam.

Proposal 11: If NR-PDCCH indicates a NR-PDSCH beam switch, then UE processing time to decode the NR-PDCCH and switch its Rx beam should be taken into consideration. This can be a function of UE capability.
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