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1 Introduction
RAN1 #86 meeting, it is agreed to study the beam relationship between NR-PDCCH and its associated NR-PDSCH including beam width and beam direction as following [1]:

Agreements
· Study the relationship of beam(s) used for L1 control channel and beam(s) used for data channel

· E.g. Using different beamwidth for data and control

· E.g. Using different beam directions for data and control

· E.g. At least one beam is shared by data and control

· E.g., same beam for data and control

In addition, in the previous RAN1 NR-Adhoc meeting, NR-PDCCH monitoring with multiple beam pair links has been agreed to support in NR to provide robustness over blocking and UE mobility [2]: 
Agreements
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
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:

In this contribution, we further discuss on the details of NR-PDCCH monitoring with multiple beam pair links and beam association between control and data channels.
2 Discussion
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 beam pair blocking.  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.  
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 pairing 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 a beam specific reference signal (BSRS) or a DMRS associated with the NR-PDCCH of each downlink TX beam. The beam measurement can be reported periodically or upon request.  
Proposal 1: supports an event-triggered or a longer duty cycle based extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links over NR-PDCCH OFDM symbols.  

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 2: 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 3: 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 4: 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 an event-triggered or a longer duty cycle based extended NR-PDCCH monitoring set in which a UE monitors NR-PDCCH on multiple beam pair links over NR-PDCCH OFDM symbols.  

Proposal 2: 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 3: support NR-PDSCH transmission with a predetermined beam pair link and time-multiplexed in the same slot.  
Proposal 4: 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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