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1 Introduction
In RAN1 #88 and #89, the following has been agreed as a progress on downlink beam management for control and data channel [1][2]:

Agreements:

· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 

· For each group l, UE reports at least the following information:

· Information indicating group at least for some cases

· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1

· Measurement quantities for Nl beam (s)

· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)

· FFS: the details of RSRP/CSI derivation and content

· FFS: Other reporting contents, e.g., RSRQ  

· FFS: Configurability between L1 RSRP and CSI report

· FFS: whether or not to support differential L1 RSRP feedback

· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable

· 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, beam selection rules for assisting rank selection for MIMO tx, etc.

· This group based beam reporting is configurable per UE basis.

· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1

· NOTE: No group identifier is reported when it is turned off 

· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously

· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

Agreements:
· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.

Agreements:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 

· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 

· the number of Tx beams per group in the report Q

· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information

· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 

· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead 
Agreements:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information

· Information related to CSI-RS resource configuration

· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.

· Information related to number of CSI-RS resources 

· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource

· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit

· FFS signaling details, e.g., explicit indication vs implicit indication

· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 

· FFS: whether different sub-time units have same or different ports
In this contribution, we further discuss on the details of DL beam management for control and data channels.
2 Discussion
Beam-group based reporting
In NR, supporting of beam-group based reporting has been agreed to reduce the feedback overhead in case that a UE has multiple Rx beams which can be received simultaneously. Two beam-group criteria were discussed in the previous RAN1 meeting such as a beam group which has Rx beams which can be received simultaneously (i.e., A1) and a beam group which has Rx beams which cannot be received simultaneously (i.e., A2). Since multiple Tx beams can be reported for Rx beams which can be received simultaneously, where the Rx beams are within a beam group (i.e., A1) or the Rx beams are in different beam groups (i.e., A2), the same beam reporting can be supported by either option. However, from the beam grouping flexibility perspective, the beam-grouping based on the Rx beams which can be received simultaneously seems to be a better option.
Proposal 1: support a beam-group based on the Rx beams which can be received simutlanously (A1).
Assuming that the beam-group criterion based on A1, since a UE may have a limited number of receiver RF chain (e.g., 4 to support the maximum rank-4), the maximum number of beam groups can be relatively large as each receiver RF chain may have a large number of beams; therefore, all combination of Rx beams from up to 4 receiver RF chain could be a relatively large number (e.g., M>16). On the other hand, the number of Tx beams per beam group could be the same as the maximum number of receiver RF chain (e.g., N=4) since the number of Tx beams should be the same as the maximum number of Rx beams in a beam group. Since a beam group may have all Rx beams which can be received at the same time, the number of beam groups to report could be a small number (e.g., L=1, 2); however, it would be beneficial to support configurable number of L for better scheduling flexibility. Therefore, if A1 is supported, the different TRP Tx beams reported for different groups cannot be received simultaneously at the UE can supported (C1).
Proposal 2: support different TRP Tx beams reported for different groups cannot be received simultaneously at the UE (C1).
For beam-group based reporting, it was agreed that a UE reports the information of Q Tx beams and measurement quantities for those Q Tx beams for each group. When the number of reported beam group L and the number of reported Tx beams per group Q are large, the overhead of beam reporting would become an issue to the uplink resource, especially when the beam reporting is frequent. To reduce the overhead of beam reporting, one of following methods can be considered for beam-group based reporting. One method may configure UE to report the best J L1-RSRP for component beam and the associated beam index for each of L beam groups. Where J may be any integer value between 1 and Q. This method is simple, but the reporting overhead could be still large if the range of beam measurement quantities are diverse for L beam groups. The other method is to use the differential RSRP feedback for beam measurement quantities to further reduce the reporting overhead. UE may report a reference RSRP (e.g., the average RSRP) for a beam group and differential RSRP for the rest of Q reported beams within the same beam group. The differential RSRP is the RSRP of each individual beam within the same beam group with respect to the reference RSRP (e.g. the average RSRP). The differential RSRP may be configured to be reported in a certain quantization level or resolution. For different reference RSRP (e.g., the average RSRP indicating the range of beam measurement quantites of each beam group), different differential beam reporting resolution may be used based on the tradeoff between signaling overhead and reporting accuracy for beam management. To reduce signaling overhead, large quantization level (or low resolution) may be used. On the other hand, small quantization level (or high resolution) may be used if accurate beam reporting is desired.
Proposal 3: support differential RSRP feedback of beam measurement quantities for beam-group based reporting.
Extended NR-PDCCH monitoring set
It has been agreed that UE can be configured to monitor NR-PDCCH on different beam pair links in different NR-PDCCH OFDM symbols. The main purpose is to improve the NR-PDCCH robustness against blocking of a serving beam pair link.  However, in normal conditions NR-PDCCH monitoring of different beam pair links over different symbols can result in unnecessary UE processing load and battery consumption, especially when the NR-PDCCH monitoring involves blind decoding for NR-PDCCH candidates in one or multiple control search space carried in each of the monitored beam pair link.
Therefore, it can be beneficial to elaborate that the aforementioned NR-PDCCH monitoring as an extended NR-PDCCH monitoring set in which a UE attempts to decode NR-PDCCH on multiple beam pair links but not in every slot. A UE monitors the extended NR-PDCCH monitoring set upon configured (or predefined) triggering conditions including beam pair blocking or pre-configured duty cycle. 
For example, a UE can be configured with a set of beam pair links including a serving and multiple candidate beam pair links, where each beam pair link is associated with one or more OFDM symbols. The configured set of beam pair links in the extended monitoring set can be used with beam sweeping in a slot to update the serving beam pair link when current serving beam pair link is blocked or not the best beam within configured set of beam pair links as illustrated in Figure 1.
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Figure 1. Extended NR-PDCCH monitoring set and beam switching
In a normal monitoring mode, a UE attempts to decode NR-PDCCH on the serving beam pair link and performs downlink Tx beam measurements of the configured candidate beam pair links. The beam pair link measurements can be based on reference signal specific to each downlink Tx beam, for example RRC configured UE-specific CSI-RS or a DMRS associated with the NR-PDCCH of each downlink Tx beam. The beam measurement can be reported periodically or upon request.
Although the NR-PDCCH search space can be extended, the blind decoding complexity should be remained same or similar to normal NR-PDCCH monitoring set. Therefore, the number of NR-PDCCH candidate per beam may be reduced when extended NR-PDCCH monitoring set is used.
Proposal 4: supports extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links while the blind decoding complexity should be remained same.  

Serving beam switching
When the serving beam pair link quality deteriorates due to blockage, it would be helpful the UE is able to switch to another beam pair link to continue NR-PDCCH monitoring and sustain the radio link when a candidate beam pair link is still usable. In this case, a UE can transmit a beam switching request upon a set of triggering events. The triggering events can be the serving downlink Tx beam quality exceeding a pre-configured threshold, a candidate downlink Tx beam quality exceeding a threshold, or quality difference between the serving and candidate downlink Tx beams. Also, the gNB in this case may experience excessive DTX in the uplink and send a switching command to indicate a switch to another downlink Tx beam based on the previous beam pair link measurement.  

Nonetheless, when the serving beam pair link rapidly degrades, the UE may not receive the switching command in time.  In order to allow the UE to receive the switching command in time, the UE can start monitoring the extended monitoring set when the beam switching events are triggered so the gNB can transmit the command in NR-PDCCH of all configured beam pair links. The serving beam switching will also lend itself to UE mobility handling. As indicated in Figure 1, when the UE moves between downlink Tx beam coverage, it can switch the serving beam pair link with the help of the extended monitoring set.
Proposal 5: support a beam switching procedure in which a UE receives a beam switching command when the UE monitors the extended NR-PDCCH monitoring set. 
Beam association between NR-PDCCH and NR-PDSCH
It has been agreed that a UE receives a NR-PDSCH scheduling information from its associated NR-PDCCH, in which beam related information for the NR-PDSCH reception also can be indicated as a QCL parameter. If multiple beam-pair links are used for a NR-PDSCH reception for better beam control flexibility as well as higher beam resolution, a dynamic indication of beam-pair link for associated NR-PDSCH transmission can be used. However, in some cases, a same beam pair link for both NR-PDCCH and NR-PDSCH can be used for the sake of simplicity and/or if a UE is in a good coverage in a cell.
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Figure 2. Examples of beam association between NR-PDCCH and NR-PDSCH

Three beam association scenarios are depicted in Figure 2 and each scenario may require a different control and data timing relationship due to analogue beamforming characteristics. LTE applies digital beamforming at the receiver so the UE receives signals from all spatial paths using an omni-direciontal beam and applies the spatial filtering (baseband precoder) at the baseband level. As a result, the LTE UE can buffer PDSCH symbols using the same beam while decoding the PDCCH symbols received in the first symbols of the sub-frame. With analogue beamforming, the NR UE applies spatial filtering at RF level and receives only spatial paths covered in the formed Rx beam. Therefore, the NR UE will not know which DL Rx beam to use for the NR-PDSCH buffering until the NR-PDCCH decoding is completed.   

In the case of (a) in the Figure 2, the NR-PDCCH and associated NR-PDDCH are in the same beam pair link and time-multiplexed in the same time slot. Similar to LTE, the UE can continue to buffer the NR-PDDCH symbols while decoding the NR-PDCCH symbols. The DCI in the NR-PDCCH can carry an indicator, for example using QCL parameter, DL Tx beam identity or beam pair link index to inform the UE whether NR-PDCCH and associated NR-PDDCH are in the same beam pair link.
Proposal 6: support NR-PDSCH transmission with a predetermined beam pair link and time-multiplexed in the same slot.  
The UE may discard the buffered data when NR-PDCCH decoding is completed and the decoded DCI indicates a different beam pair link from previously determined beam pair link (e.g., same beam pair link with NR-PDCCH) for the NR-PDSCH. When NR-PDCCH and NR-PDSCH are not carried in the same beam pair link and time-multiplexed in the same slot as shown in case (b), a gap or other fields for example uplink field can be employed before the NR-PDSCH symbols to allow the time for UE to complete the NR-PDCCH decoding and acquire the beam pair link scheduling information of the NR-PDSCH.   
The gap configuration for the frame structure can cause system overhead as the symbols within the gap may not be utilized. Thus cross slot scheduling of the NR-PDSCH can be considered for higher efficiency as shown in case (c). A scheduling offset of k slots can be used between the NR-PDCCH and associated NR-PDSCH in different beam pair links. The parameter k can be pre-defined or configured in DCI carried in NR-PDCCH together with beam pair link information.   

Proposal 7: support dynamic beam pair link indication for NR-PDSCH reception and consider a cross-slot scheduling when the indicated beam for NR-PDSCH is different from a predetermined beam information. 
3 Conclusion

In this contribution, we discussed NR-PDCCH beam monitoring behavior and beam association between control and data channel. From the discussions, we propose followings:

Proposal 1: support a beam-group based on the Rx beams which can be received simutlanously (A1).
Proposal 2: support different TRP Tx beams reported for different groups cannot be received simultaneously at the UE (C1).
Proposal 3: support differential RSRP feedback of beam measurement quantities for beam-group based reporting.
Proposal 4: supports extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links while the blind decoding complexity should be remained same.  

Proposal 5: support a beam switching procedure in which a UE receives a beam switching command when the UE monitors the extended NR-PDCCH monitoring set. 

Proposal 6: support NR-PDSCH transmission with a predetermined beam pair link and time-multiplexed in the same slot.  
Proposal 7: support dynamic beam pair link indication for NR-PDSCH reception and consider a cross-slot scheduling when the indicated beam for NR-PDSCH is different from a predetermined beam information. 
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