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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The multi-beam operation for NR PDCCH was discussed at RAN1 Ad Hoc NR#1, and the following agreements were achieved [1]:

	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




The QCL configuration for NR PDCCH was also discussed at RAN1 #89 [2]:

	Agreements:
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters




In the contribution, we discuss on the details of multi-beam monitoring for PDCCH.
2. Discussion
2.1. Multi-beam PDCCH transmission 
A UE can be configured with one or multiple CORESETs for monitoring PDCCH. In order to support robustness against beam pair link (BPL) blocking on NR-PDCCH transmission, a UE can be configured to monitor NR PDCCH on different BPLs simultaneously. There are several different operations for multi-beam PDCCH transmission [3]:

Operation 1: PDCCH is transmitted to UE from the best beam among the configured beams at one time.
Operation 2: PDCCH transmission is repeated among the configured beam (beam sweeping).
Operation 3: PDCCH is transmitted to UE from multiple configured beams simultaneously.

Operation 1 is suitable for the case that the beam pair link has been constructed between the UE and the network, according to the feedback the network can be aware of the best beam to the UE. Compared with other operations, such an operation can provide the best channel performance, enable higher modulation schemes, and therefore also increase the spectral efficiency. By transmitting and receiving on a narrow beam pair link, better cell coverage can also be achieved. In this case, the BPL can be simply associated to a CORESET, especially suitable for analog beam deployment. Of course, if the associate BPL was blocked, the PDCCH transmission would be lost and a recovery procedure should be performed consequently. 

[bookmark: _Hlk490181027]Operation 2, by repeating the PDCCH in multiple beams, can increase the reception opportunities of the PDCCH for UEs and avoid the transmission lost due to the BPL failure, however, at the cost of highest overhead among these operations. Such repetition can be performed on a per-CORESET level, where each on associated to a beam, or per aggregation level or per PDCCH candidate, where the candidates in the same CORESET may associate to different beams. The latter one, although in favor of the slightly lower overhead, may only be utilized in the digital beam deployment.

Operation 3, on the other hand, can be used for achieving spatial diversity gain for a PDCCH. Precoding cycling can be performed within the PDCCH, e.g. on REG bundles, in the case that the receiving UE can properly receive transmissions from multiple BPLs simultaneously. In this case, the BPL should be associated to a REG bundle or a CCE. The problem is that, if one of the used beam pair links is blocked, it may fail to recover the whole PDCCH. This issue need to be further studied. Moreover, such operation may impose stringent synchronization requirement and scheduling restriction especially in the multi-TRP deployment, in order to support the coordination of transmissions in REG level from multiple TRPs.

These operations can be applied in different scenarios. For example, operation 1 is suitable for connected mode UE in a stable environment, while operation 2 can be applied to fallback operation, or idle and inactive mode where BPL has not been established. Operation 3 may be used in the area where multiple beam coverage overlap with each other serving the fast moving UEs, but there is still some detailed issues for further study.
 
[bookmark: _Ref490235742]Observation 1: Different operations for multi-beam PDCCH transmission can be applied in different scenarios. 

According the discussion, the QCL assumption at least for operation 1 and 2 can be associated to CORESET level. Other association (i.e. per CCE/REG bundle for operation 3) needs further study.

[bookmark: _Ref481592417]Proposal 1: QCL associated to one CORESET is supported.
2.2. Monitoring for common PDCCH
The network may deploy multiple beam, each covering a spatial area, to cover the whole cell area, especially in the high frequency band. The common PDCCH to be used for scheduling of RMSI need to be carried in each beam to ensure the idle and inactive UEs can properly receive this common PDCCH no matter where they camp in the cell. In the case the above-mentioned operation 2 is a suitable choice, such that multiple CORESETs are configured and each of them delivers the common PDCCH for a spatial area.

The UE can simply blind search the common search space of the CORESET, configured by MIB [4], by applying different QCL assumption. Such a scheme is unfavorable due to the high implementation complexity and power consumption. Instead, the UE should be able to derive explicitly or implicitly, the QCL assumption for a specific CORESET, or PDCCH candidate. Such derivation can be done perfectly from the beam pair link information obtained during the SS block blind decoding. More specifically, the UE may assume that the CORESET is QCL’ed with the decoded SS block, so that the Rx beam according to the SS block can be reused for the PDCCH reception in the CORESET.

This approach may also apply to the DCI scheduling paging message, since the idle and inactive mode UEs should be able to receive the DCI scheduling without the knowledge of beam pair link. Paging occasion can consists of multiple time slots, where each of them a paging indication is sent using a distinct beam. A UE monitor a specific slot based with specific QCL assumption both derived from the information obtained during the SS block blind decoding. More details on paging design considering multi-beam operation can be found in [5].

Common PDCCH scheduling OSI (other system information) or RAR may be triggered by random access procedure, therefore, it can be expected that some preliminary of the beam pair link information has been obtained by the network. Thus the network can select the suitable beam for the common PDCCH transmission. 

[bookmark: _Ref490235752]Observation 2: The QCL assumption for common search space at least for initial access can be derived from SS block.

[bookmark: _Ref481592423]Proposal 2: During initial access, an idle or inactive mode UE monitors the PDCCH in the CORESET configured by the MIB in the decoded SS block, with the QCL assumption also derived from that decoded SS block. 
2.3. Monitoring for UE specific and group common PDCCH
A connected mode UE can establish one or more beam pair link with network via beam management procedure. The network can simply configure the QCL for each CORESET that UEs would monitor UE specific or group common search space, and transmits the PDCCH from the selected beam pair link. In this case, the beam pair link should be explicitly associated with CSI-RS or SS block in light of the configuration from the network. The network may further duplicate the transmissions on different beams especially for group common PDCCH, in order to improve the robustness or to tackle with beam blockage. However, such a mechanism would inevitably increase the implementation complexity and power consumption of UE. Therefore, a UE can be configured with a monitor period for each beam pair link so that it is not necessary to monitor multiple beam pair links all the time.

[bookmark: _Ref485165211]Proposal 3: For the connected mode UE, each CORESET can be configured by network to be QCL’ed with either CSI-RS or SS block. 
3. Conclusion
In the contribution, we discuss multi-beam monitoring for NR PDCCH and observe that,

Observation 1: Different operations for multi-beam PDCCH transmission can be applied in different scenarios.
Observation 2: The QCL assumption for common search space at least for initial access can be derived from SS block.
Based on these observation and discussion, we propose that,

Proposal 1: QCL associated to one CORESET is supported.
Proposal 2: During initial access, an idle or inactive mode UE monitors the PDCCH in the CORESET configured by the MIB in the decoded SS block, with the QCL assumption also derived from that decoded SS block.
[bookmark: _GoBack]Proposal 3: For the connected mode UE, each CORESET can be configured by network to be QCL’ed with either CSI-RS or SS block.
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