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1. Introduction
In terms of beam management procedures, we have the following agreements from RAN1-87.   
R1-1613110	WF on interference measurement for CSI in TDD Intel, LGE, NTT DOCOMO
Agreements:
· NR to study interference measurement and reporting mechanism by capturing same-link and cross-link interference in TDD systems for both DL and UL transmissions

R1-1613678	WF on Mobility RS	Samsung, MediaTek, NTT DOCOMO, CATT, Qualcomm, Huawei, LGE, Ericsson, Intel
Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 1-1: NR-SSS and/or NR-PSS
· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)
· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)
· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)
· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}
· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:
· Cell coverage in CONNECTED and IDLE
· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)
· Accuracy of the RS measurement quantity
· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:
· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 

R1-1613669	WF on CSI-RS for beam management	Samsung, NTT DOCOMO, Ericsson, MediaTek, Intel, CATT, AT&T, InterDigital
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference 
OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations

R1-1613440	WF on multi-panel based MIMO for DL and UL transmissions		Huawei, HiSilicon, Xinwei
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

R1-1613746	WF on Type I & Type II CSI Feedback	Huawei, HiSilicon, China Unicom, Intel, Samsung, Ericsson, CATT, LGE
Also supported by Nokia, Alcatel-Lucent Shanghai Bell
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc.
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
· For Type II CSI, 
· Study the following CSI feedback schemes
· Analog CSI feedback
· Linear combination based CSI feedback
· For example
· Projection of channel and/or covariance matrix and/or eigenvectors onto a basis
· Linear combination of a basis
· Schemes may have orthogonal and/or non-orthogonal basis
· Quantization examples
· Magnitude and phase
· Real and imaginary
· Vector quantization
· Precoder / Precoding Matrix
· Downloadable codebook
· Contents for Quantized or Unquantized CSI feedback
· Channel covariance matrix feedback
· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook
· Channel Approximation and/or Measurement 
· e.g. analog CSI feedback, linear combination codebook
· Channel Eigen vectors
· e.g. analog CSI feedback, linear combination codebook
· Other forms of channel representation are not excluded.

2. Beam sweeping/refinement procedures 
2.1 Purpose of MRS 
The CSI-RS framework is well-suited for beam management. However, if all the beam management (including P-1) is conducted in a UE-specific manner, a lot of overhead is encountered. In particular, in an attempt to reduce overhead, a UE-specific beam management tends to offer downlink beams adjacent to the directions of already existing candidate beams. This may lead to “local beam optimization” and hinders the discovery of globally optimal beams, i.e., beams which emerge far away from any candidate beam. We advocate the use of MRS as part of beam management for NR.
Proposal 1: MRS beams allow the UE to find globally optimal candidate beams which then can be further refined through the CSI-RS process. 
Since MRS can be identified without monitoring PDCCH, MRS can be utilized by a UE to recover from a sleep mode or to recover when a link deteriorates rapidly in quality to find a beam suitable to send a SR to initiate beam recovery through CSI-RS Type-2.  If MRS is not available to the UE, it may utilize other signals such NR-SS. 
Proposal 2: MRS can be utilized by the UE to recover from sleep mode, and to support beam recovery to overcome link deterioration.
It is important for the UE to estimate the RSRP of MRS of serving as well as non-serving gNBs towards the goal of making handover decisions and to support interference alignment between gNBs. 
Proposal 3: The UE can distinguish MRS from different gNBs (serving and neighbor gNBs). 

There are several other advantages to the use of MRS for such tasks. MRS can also aid in CFO measurement of other TRPs and neighboring cells. In particular, enabling the estimation of CFO using scaled numerology symbols at regular intervals can be considered as a viable option for this objective.

Proposal 4: MRS should be constructed to enable the UE to measure CFO and timing offsets. 
2.2 UE reporting on MRS  
RSRP and/or RSRQ measurements across either the entire band or sub-bands are useful. In particular, these measurements are reported for the beams whose metric exceeds some threshold or for the N best candidate beams, with N being FFS. These selected best beams reported by the UE are refined in the CSI-RS and considered for different channels such as PDCCH and PDSCH (as well as PUCCH and PUSCH in the case of beam correspondence). For the purpose of reporting, the UE can identify each of the best candidate beams by the MRS resource in which it has been received.

Proposal 5: RSRP and/or RSRQ measurements of the subset of best candidate beams are to be considered for beam reporting. In addition, beam identification information should be reported.  

UE can observe the MRS of non-serving neighboring gNBs and can optimize its receive beam towards these gNBs and use the RSRP of these beams to determine whether a handover makes sense. Further, it can evaluate these beams from the neighbor gNBs using a receive beam pointing towards the serving gNB and thereby measure the interference from the neighbor gNBs. The measurement report should identify the “used RX beam” (whether it is optimized towards an MRS beam from either a serving gNB or from a neighbor gNB), the cell ID (of the gNB that generated the beam) and the level of refinement of the used RX-beam (such as whether it is a pseudo-omni, directional, etc.). 
Proposal 6: In addition to RSRP, the UE reports measurements (e.g., cell ID, used RX beam, etc.) that aid in handover and interference alignment decisions.   

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 is 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. In this situation the UE can simultaneously evaluate the 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 the TX-beams for which a TX-RX beam refinement can occur simultaneously. 
Depending on the RF architecture of the UE, certain subsets of the selected best beams are suitable for MIMO transmission, and other subsets are not. We call such suitable subset “MIMO compatible”. For example, if a UE does not have shared subarrays, each subarray can only be connected to one TXRU. If two beams can only be received by one subarray, these two beams are not suitable for MIMO transmission with multiplexing gain. The gNB cannot know a priori which TX-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 Tx-beams that are suitable for MIMO transmission.

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

For all CSI-RS transmissions, it is important that the UE uses the correct subarrays and beams for proper reception. To achieve this, the gNB informs the UE using the list of previously reported candidate beams. If CQI is to be determined for MIMO transmission, the gNB may refer to the list of MIMO compatible sets of candidate beams as reported by the UE. By identifying a particular element of the list, the UE will know exactly which of its subarrays and antenna weights are suitable for receiving the upcoming CSI-RS symbols. 

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

2.3 CSI-RS Type-2 
The gNB schedules bursts of CSI-RS Type 2 to conduct TX-RX beam refinement. For instance, for UEs that have just accessed the cell, it may be worth refining the gNB TX-beams and let the UE find the best RX-beam for that TX-beam. The same holds for UEs for which the channel has changed. Further, for path-loss challenged UEs, the gNB might want to form beams across multiple subarrays. The gNB prepares CSI-RS Type-2 transmissions taking into account the information about simultaneous TX-RX refinement furnished by the UE in prior reports. This preparation should inform the UE as to which TX-beams the gNB wants to offer over which symbols. These beams should be based either on a prior MRS or CSI-RS Type-2 report. The gNB will select a subset of the TX-beams mentioned in a prior report and inform the UE through RRC or DCI signaling. 
Proposal 10: The UE is informed about the TX-beams used in a CSI-RS burst through referencing of prior reports. 
Since CSI-RS Type-2 burst has a longer duration than MRS symbols, it can also be used to estimate CFO/Doppler/Phase noise more precisely, if a PTRS is offered as a part of CSI-RS Type-2. This enables the UE to estimate the impact of CFO/Doppler/Phase noise on CQI. 
Proposal 11: CSI-RS Type-2 can contain PTRS to precisely estimate CFO/Doppler/Phase noise and its impact on CQI/PMI/RI.
Beam refinement procedures can be accelerated by using scaled numerology symbols. Shorter symbols will reduce the SNR of the received waveform and may not be possible for link budget challenged UEs. In the remaining part of this section we assume that the link budget allows for shorter symbols.
An important parameter for planning beam refinement is the minimum time the UE requires for switching its beams. If only Rx- beams have to be refined, the tone spacing of the CSI-RS symbols has to be chosen such that the associated CP can cover the beam switching time plus the delay spread of the channel. Figure 2 shows an example. The Rx-beam changes during the CP of each symbol. 


Figure 2: Example of RX beam refinement.

If both, TX-beams and RX-beams have to be refined and if the gNB can switch beams faster than the UE, it is advisable to change the TX beams while the RX beams stay constant. That way, air-link resources are used more economically.
Proposal 12: An indication of the RX beam switch time has to be communicated to the gNB for efficient CSI-RS type 2 execution. The gNB will select scaled numerology symbols and gap symbols accordingly.
2.4 CSI-RS Type-1 
CSI-RS Type-1 should enable gNB to find beams suitable for MIMO transmission with diversity or multiplexing gain. The gNB uses candidate beams from prior reports that have a good RSRP as well as satisfying the MIMO compatibility condition (see proposals 8 and 9). Referencing the gNB beams involved in prior reports, the gNB informs the UE which gNB-beams will be used in a CSI-RS Type-1 burst. 
The CSI-RS mechanism should enable the evaluation of different TRPs for MIMO transmission. In that case, the beams of antenna ports of different TRPs should be offered. Since different TRPs may have different frequency and timing offsets, it is advisable to place antenna ports of different TRPs in different symbols. If the UE is informed about the MIMO compatible set of beams for each symbol, it would know which frequency and timing offset to consider for each CSI-RS symbol. Antenna ports of each TRP may be configured to a CSI-RS resource and the UE can be configured to report the resource indicator for the best performing resource (TRP). Further, it has to report the CQI and PMI of the best performing TRP. Alternatively, the UE may be asked to report the N best performing TRPs.

Proposal 13: CSI-RS Type-1 can be used to compare the performance of beams of one TRP relative to another. 

Proposal 14: The gNB uses the MIMO compatible beam set to indicate to the UE which frequency and timing offset to use for proper CSI-RS reception. 

There may be a need to support beamforming across several gNB subarrays to achieve higher EIRPs. This can be achieved if the antenna ports associated to these subarrays are beam formed in the same spatial direction(s) and transmit during the same CSI-RS symbol. The UE may then measure the phase differences between the received signals of each antenna port. One way of conveying those phase differences may be through reporting the PMI based on a Class-A codebook if the subarrays are spaced equidistantly and any phase mismatches between the subarrays are adjusted with a calibration mechanism. Otherwise, CSI-RS Type-II feedback can be used to support the reporting of phases in a quantized manner. This Type-II feedback takes into account any inter-panel phases and any deviation of the UE from the exact look angle of the TX beam. 

Proposal 15: CSI-RS Type-II feedback can support co-phasing of multiple gNB subarrays for high EIRP/resolution beamforming.

3. Proposals  
Based on the above discussion, the following proposals are made in this contribution: 
Proposal 1: MRS beams allow the UE to find globally optimal candidate beams which then can be further refined through the CSI-RS process. 
Proposal 2: MRS can be utilized by the UE to recover from sleep mode, and to support beam recovery to overcome link deterioration.
Proposal 3: The UE can distinguish MRS from different gNBs (serving and neighbor gNBs). 

Proposal 4: MRS should be constructed to enable the UE to measure CFO and timing offsets. 
Proposal 5: RSRP and/or RSRQ measurements of the subset of best candidate beams are to be considered for beam reporting. In addition, beam identification information should be reported. 

Proposal 6: In addition to RSRP, the UE reports measurements (e.g., cell ID, used RX beam, etc.) that aid in handover and interference alignment decisions.

Proposal 7: For Type-2 CSI-RS, the UE should report the TX-beams for which a TX-RX beam refinement can occur simultaneously. 
Proposal 8: Reporting of subsets of candidate beams suitable for MIMO transmission (MIMO compatible beams) helps prevent unsuccessful Type-1 CSI-RS bursts.  
  
Proposal 9: For Type-1 CSI-RS, the gNB informs the UE about suitable subarrays and beams for CSI-RS by referring to a previously reported set of MIMO compatible beams. 

Proposal 10: The UE is informed about the TX-beams used in a CSI-RS burst through referencing of prior reports. 
Proposal 11: CSI-RS Type-2 can contain PTRS to precisely estimate CFO/Doppler/Phase noise and its impact on CQI/PMI/RI.
Proposal 12: An indication of the RX beam switch time has to be communicated to the gNB for efficient CSI-RS type 2 execution. The gNB will select scaled numerology symbols and gap symbols accordingly.
Proposal 13: CSI-RS Type-1 can be used to compare the performance of beams of one TRP relative to another. 

Proposal 14: The gNB uses the MIMO compatible beam set to indicate to the UE which frequency and timing offset to use for proper CSI-RS reception. 

Proposal 15: CSI-RS Type-II feedback can support co-phasing of multiple gNB subarrays for high EIRP/resolution beamforming.
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