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1. Introduction
In RAN1#90, following agreements are made regarding DL and UL beam management for NR:
	Agreements:(R1-1714885)
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group

· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 

· Note: L1-RSRP reporting on SSB is not yet agreed

· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded

· The value of N is FFS, but is at most [3] bits

· FFS: The case of more than one DMRS port group

· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 

· FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state, e.g., 

· The association is explicitly signaled to the UE

· The association is implicitly determined by the UE

· Combination of the above is not precluded

· FFS: An indicator state may or may not also include other parameter(s), e.g., for PDSCH to RE mapping purposes analogous to PQI in LTE, other QCL parameters

· FFS: Whether or not an indicator state may be associated with more than one DL RS index

· FFS: PDCCH beam indication may or may not be based on the beam indication states for PDSCH

Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:

· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:

· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively

· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group

· Note: The RSs within a RS set may be of different types

· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc

· Configuration of RS set for each state can be done via higher layer signaling

· E.g., RRC/RRC + MAC CE

· FFS the timing when the QCL is applied relative to the time of the QCL indication

Agreements:
· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations
Agreements:

· After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise

· Note: The above QCL assumption may or may not be used for MSG2 and MSG4 – for discussion in initial access session

· FFS: Details

· FFS: Whether or not the default QCL assumption is contained in a default indicator state if supported

· Note: This does not necessarily mean that the PDCCH beam indication is through DCI

· In RRC CONNECTED mode, 

· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)

· FFS: necessity of DCI signalling

· FFS: Use of Aperiodic CSI-RS 

· FFS: RAN1 to study impact of delay (including determination of Rx beam) and reliability on the beam mgmt scenarios aiming to provide input to RAN2 with regard to higher layer protocols

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)

Agreements:

· Support the following for group based beam reporting, if group based beam reporting is configured:

· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously

· Note: UE may report N or fewer beams in a given reporting instance

· N is configured by the gNB where N<= Nmax

· Nmax depends on UE capability

· FFS:  how to define the UE capability

· N =2 is supported. Further study {4,8}

· Notes: Information indicating group is not required to be reported in Rel-15

· Note: 

· From the perspective of Alt-1, the UE reports one group with N Tx beams.

· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.

· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied

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

Agreements:
· At least for non-grouping based beam reporting, taking the following parameter values for further consideration

· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]

· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]

· For L1-RSRP levels, candidate value is, e.g., around [100]

· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm

· Considering step-size of L1-RSRP, e.g., Z dB

· Companies are encouraged to evaluate/analyze appropriate values considering

· P1, P2, and P3 procedures

· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported

· The values could be different for PUCCH and PUSCH based reporting, if supported

· CSI-RS and/or SS-block related measurement/reporting
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




In this contribution, we further discuss remaining details on DL and UL beam management in NR, especially focusing on the above highlighted FFS issues. This contribution is revised from R1-1713148, R1-1713149, and R1-1713150.
2. Discussions
Some FFS points in the above agreed WF (R1-1714885) are already further updated as the other agreements above during RAN1#90, e.g., for the case of supporting CoMP.
Regarding N-bit indicator in DCI:

On the first highlighted FFS point on “FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state”, our view is that it should be based mainly on explicit signalling similar to LTE PQI field, where each PQI state is described by RRC signalling explicitly. On top of that, we may consider to have a default state description to have the same spatial QCL assumption between PDCCH DMRS and PDSCH DMRS.

Proposal 1: Support at least explicit signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state. FFS to support the association is implicitly determined by the UE.
On the second point as “FFS: An indicator state may or may not also include other parameter(s), e.g., for PDSCH to RE mapping purposes analogous to PQI in LTE, other QCL parameters”, such joint encoding can be supported similar to LTE in order to have better trade-off in DCI overhead and flexibility, by then extending the value of N larger than [3 bits] accordingly. In other words, along with the PDSCH beam indication, it would also be required to indicate PDSCH rate matching information which can include PDSCH starting symbol, e.g. for providing beam switching time gap and DCI decoding time in some cases, and ZP CSI-RS resource ID to protect CSI-RS of neighboring beams. 
Proposal 2: Support joint encoding between PDSCH beam indication and PDSCH rate matching information to possibly save the DCI overhead.
Regarding the third remaining issue that “Configuration of RS set for each state can be done via higher layer signalling, e.g., RRC / RRC + MAC CE”, our preference is to support RRC + MAC CE signalling in NR, so that each indicator state can be updated by MAC CE to have better efficiency and flexibility in network implementation. 

Proposal 3: Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.
On the fourth point as “FFS the timing when the QCL is applied relative to the time of the QCL indication”, our view is that at least 1 slot latency or a couple of symbols should be allowed for the timing gap to correctly decode the PDCCH in order to change/apply the PDSCH beam according to the PDCCH indication.

Proposal 4: At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication.
Regarding “FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885”, it should be noticed that the mentioned spatial QCL relation between a reference RS and a targeted RS is an independent feature of the spatial QCL indication for PDSCH reception, so that the two indicators themselves are actually to be separated in independent DCI field/format.

Proposal 5: An indicator for spatial QCL relation between a reference RS and a targeted RS should be supported in a separated/independent DCI field/format, compared with an indicator for the spatial QCL indication for PDSCH reception.

Regarding spatial QCL relation between a reference RS and a targeted RS:
The signalling on “spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS” is desired to be not only via RRC, but also via RRC + MAC CE, to have better efficiency and flexibility in such beam control. It can also be supported to allow AP CSI-RS for a targeted RS, meaning the beam indication is pre-set by RRC + MAC CE, but the actual transmission timing of the AP CSI-RS is indicated by DCI, similar to the concept of AP CSI-RS in LTE introduced by eFD-MIMO.
The signalling on “spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource” is also desired to be not only via RRC, but also via RRC + MAC CE, to have better efficiency and flexibility in such beam control. It can also be supported to allow AP CSI-RS for a targeted RS, in the same reason as above.

Proposal 6: The signalling on “spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.
Proposal 7: The signalling on “spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.

Further details on NR-PDCCH beam indication:
NR supports NR-PDCCH monitoring with multiple beam pairs to improve robustness. Then, in case of employing narrow Rx beams at the UE, the UE should know beforehand which UE beam(s) should be applied to receive the NR-PDCCH for higher link robustness. To this end, serving beam indication of which TRP(s) Tx beam is used is required to decode NR-PDCCH. As mentioned before, multiple serving beams for NR-PDCCH monitoring can be configured where beam direction of each serving beam can be updated by beam reporting information such as CRI. 

For beam indication for monitoring UE specific NR-PDCCH, NR agreed that MAC-CE signaling and RRC signaling is used. For example, RRC signaling can be used for configuration about one or more time/frequency domain pattern(s) for each serving beam and MAC-CE signaling can be used to indicate exact beam or pattern information for NR-PDCCH reception. It was also agreed that MAC-CE signaling is not always needed for monitoring UE specific NR-PDCCH.

Proposed 8: For NR-PDCCH beam indication, RRC signaling can be used for configuration about one or more time/frequency domain pattern(s) for each serving beam and MAC-CE signaling can be used to indicate exact beam or pattern information.

Regarding agreed multi-beam based multiple NR-PDCCH configurations, in order to use resources efficiently, PDSCH can be transmitted on serving Tx beam only, even if multiple Tx beams are used for control channel transmission. The serving Tx beam can be derived from the beam management procedure, and additional Tx beams for multiple beam operation of control channel are also derived from that procedure. Using multiple beams for control channel can help to change serving Tx beam dynamically. If a UE succeeds to decode control channel on non-serving Tx beam, then the UE can report which Tx beam is used to decode control channel. The gNB can change serving Tx beam or perform beam management to change serving Tx beam based on the report. Several method can be considered for this reporting. For example, this feedback can be done by using Tx beam-specific ACK/NACK resource, a UE uses different resource for ACK/NACK reporting depending on the Tx beam used to control channel decoding. It means each Tx beam used for control channel transmission is associated with own ACK/NACK resource. Another method is that the information of Tx beam (e.g., associated with a CRI) which is assumed to control channel decoding is included in one ACK/NACK resource. This feedback can inform instantaneous channel status to gNB, and the gNB can select proper Tx beam reflecting the channel environment dynamically.

Proposal 9: For multi-beam PDCCH operations, if a UE succeeds to decode a control channel, it is supported the UE can report Tx beam related information, which is used for the control channel transmission/reception, in order to support dynamic DL beam management.
Further details on UL beam management:
It is agreed that gNB can configure multiple SRS resource groups where different groups can be used for different purposes, i.e., Group A SRS resource for UL link adaptation, and Group B SRS resource for UL beam management. 
When multiple Group B SRS resources for UL beam management are configured to the UE and a single SRS port is configured within each resource, UE can apply different Tx beam for each SRS resource. For example, when UE is assumed to configure P Group B SRS resources, the UE applies P different beam directions, each applied to a different SRS resource. For this example, the UE is assumed to have different Tx beams, so that the value of P or related information may need to be initially delivered to gNB as UE capability signaling for proper configurations on Group B SRS resource(s). After measuring transmitted Group B SRS resources, gNB selects preferred beam(s) to be used for applying to Group A SRS resource(s) via configuring/indicating another type of SRI to indicate SRS Tx beam as agreed in RAN1#89. It would be desirable that the SRI for SRS-resource-level Tx beam indication can be signaled by MAC-CE since it has less restriction of payload size than DCI. It also avoids any possible error propagation by receiving ACK from UE, and UL beam information would be updated with relatively long periodicity. 

In addition to the above discussion, it was agreed in RAN1 #89 that SRS Tx beam is indicated by SRI or CSI-RS resource based indication (e.g. CRI) when DL/UL beam correspondence holds. For the latter case, UE can determine SRS Tx beam from DL Rx beam corresponding to CRI in a reciprocal manners. In a similar way to the SRI for SRS Tx beam, MAC-CE would be desirable to signal the CRI for UE Tx beam. Also, CRI or SRI indication for SRS Tx beam would be confined within group B CSI-RS resources or group B SRS resources to reduce signaling overhead. 

Proposal 10: For beam indication for SRS transmission, NR should support SRI or CRI indication per configured SRS resource via MAC-CE.
In RAN1 #89, it is agreed that UE can be configured to transmit multiple SRS resources for UL beam management by single aperiodic SRS triggering field. How to control UL beam sweeping behavior is an open issue which can be done via explicit or implicit indications. First, explicit indication can be done for whether UE should keep the same Tx beam or to use different Tx beams for different SRS transmission instances. On the other hand, implicit indication can be done by defining default UE behavior such that UE should maintain the same Tx beam within a SRS resource and change the beam across different SRS resources. For U-2 procedure, UE can be configured to transmit single SRS resource spanning multiple OFDM symbols where UE keeps the same Tx beam during the SRS transmission. For U-3 procedure, multiple one symbol SRS resources can be configured to UE to transmit different Tx beams in different symbol. For U-1, multiple N-symbol SRS resources can be configured where N is larger than one.

Proposal 11: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options

· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.

3. Conclusion
This contribution discussed remaining details on DL and UL beam managements in NR. Following proposal is given, based on the discussion:
Regarding N-bit indicator in DCI:

Proposal 1: Support at least explicit signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state. FFS to support the association is implicitly determined by the UE.
Proposal 2: Support joint encoding between PDSCH beam indication and PDSCH rate matching information to possibly save the DCI overhead.
Proposal 3: Support that the configuration of RS set for each state can be done not only via RRC, but also via RRC + MAC CE.
Proposal 4: At least 1 slot latency or a couple of symbols should be allowed for the timing when the QCL is applied relative to the time of the QCL indication.
Regarding spatial QCL relation between a reference RS and a targeted RS:
Proposal 5: An indicator for spatial QCL relation between a reference RS and a targeted RS should be supported in a separated/independent DCI field/format, compared with an indicator for the spatial QCL indication for PDSCH reception.

Proposal 6: The signalling on “spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.

Proposal 7: The signalling on “spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource” is desired to be not only via RRC, but also via RRC + MAC CE.  AP CSI-RS for a targeted RS is also allowed.

Further details on NR-PDCCH beam indication:
Proposed 8: For NR-PDCCH beam indication, RRC signaling can be used for configuration about one or more time/frequency domain pattern(s) for each serving beam and MAC-CE signaling can be used to indicate exact beam or pattern information.

Proposal 9: For multi-beam PDCCH operations, if a UE succeeds to decode a control channel, it is supported the UE can report Tx beam related information, which is used for the control channel transmission/reception, in order to support dynamic DL beam management.
Further details on UL beam management:
Proposal 10: For beam indication for SRS transmission, NR should support SRI or CRI indication per configured SRS resource via MAC-CE.
Proposal 11: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options

· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.
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