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1 Introduction
As approved in the meeting of RAN1 NR AH#1, the UE in RRC CONNECTED mode can be configured to monitor multiple beam pair links (BPL) for PDCCH simultaneously to against the blockage of BPL. The agreements are listed as follows. In this paper, we further discuss the operations for UE in initial access, RRC IDLE mode, and RRC CONNECTED mode in the multi-beam system.

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
2 Discussion
One of the unavoidable difficulty of the signal transmission in mmWave system is the large path loss. To compensate the huge loss in nature, NR supports the signal transmission and reception with multiple analog beams. In this section, we discuss the multi-beam operations in the following modes separately.

· Multi-beam operation during initial access

· Multi-beam operation in RRC IDLE mode

· Multi-beam operation in RRC CONNECTED mode 
2.1 Multi-beam operation for UE during initial access
During the initial access, without the knowledge of beam information of the UEs, the gNB needs to transmit SS blocks with different analog beams to ensure that the composition of SS block can be received by the UEs. After the SS block acquisition, the UEs have to further receive the SI and RAR to complete the procedure of initial access. A common search space (CSS) is required for the UEs to monitor the common PDCCHs which scheduling the SI or RAR. At this moment, there is still no way for the gNB to recognize the information of the most favourite beam of the UEs because the UEs cannot report the information regarding beam. To solve this problem, one way is to make the common CORESET to be QCLed with the SS block. To solve this problem, one way is to make the common CORESET which including the CSS to be QCLed with the SS block. The beam swept is supported for the transmission of SS block. When the common CORESET is QCLed with the SS block, the UE can find the common CORESET through the SS block acquisition. The UE can get the configurations of CORESET which is monitored during the initial access from the MIB. After receiving the CORESET configurations, the UE monitors the CSS to receive SI and RAR in the corresponding configured common CORESET by using the same TX and RX beam pair link (TX-RX BPL) of SS block acquisition. The signal quality of the common PDCCH could be guaranteed because of the beam association between the common CORESET and SS block. Except the CSS, a common CORESET comprises the UE-specific search space (USS). The USS is used for UE to monitor the msg4 in the initial access before obtaining the configurations of additional CORESET(s). The UE also uses the same TX-RX BPL to receive msg4.

After the RRC establishment/re-establishment, an UE continues monitoring the PDCCH which scheduling the SI in the CSS of the common CORESET. When an UE is in RRC CONNECTED mode and configured to monitor additional CORESET(s), there is no need for the UE to monitor the USS of the common CORESET. The gNB can have more flexibilities to transmit the signal in the USS of additional CORESET according to the channel state of UE. The PDCCHs which scheduling RAR or msg4 for this UE can be transmitted in the additional CORESET. At this stage, the gNB can transmit the PDCCH in additional CORESET with refined beams because UE can report the beam management results in RRC CONNECTED mode. Moreover, if a SS block is configured to be QCLed with a CSI-RS resource, the configurations of the common CORESET can be override by RRC reconfiguration according to the beam management of UE. This assures that UE monitors a common CORESET with better beam quality.

Proposal #1: The common CORESET comprising PDCCH related to SI should support beam sweeping.

2.2 Multi-beam operation for UE in RRC IDLE mode
In the RRC IDLE mode, an UE needs to monitor the paging message. Similar as in the initial access, the gNB does not have the reliable knowledge about the TX-RX BPL of the UE. Although the UE can report its favourite beam through the beam management procedure in the RRC CONNECTED mode, the beam information would be out-of-date because of the UE’s movement. Therefore, the beam sweeping is also required for paging. One method is to have the common PDCCHs for different purposes, e.g., SI, paging and RAR, in one common CORESET. An UE monitors the PDCCHs by following the periodicity/occasion and timing window of the common PDCCHs. As depicted in Figure 1, we provide an example about how to do beam sweep when the common CORESET is coexisted with the SS blocks during a time period. The SS blocks and common CORESETs are multiplexed by FDM to shrink the elapsed time of beam sweeping.
Proposal #2: The common CORESET comprising PDCCH related to paging should support beam sweeping.
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Figure 1. Illustration of FDMed SS block and common CORESET
2.3 Multi-beam operation for UE in RRC CONNECTED mode
When the UEs are in the RRC CONNECTED mode, they can be configured to monitor additional CORESET(s) through RRC signalling. One additional CORESET can have both group common search space (GC-SS) and USS or only USS. The GC-PDCCH for slot format information (SFI) and the PDCCHs containing the group common DCIs (GC-DCI) can be transmitted in GC-SS. The USS is used to transmit the UE-specific PDCCH. Moreover, the RAR and msg4 can be transmitted in the GC-SS and CSS, respectively, when the UE is in the RRC CONNECTED mode.
The TX-RX BPL(s) of an UE can be refined in the RRC CONNECTED mode. The beam refinement can be exploited for PDCCH to support more reliable performance. The beam related information can be configured to an UE through the CORESET configurations. Two alternatives providing the beam information for an UE to receive PDCCH properly are discussed as follows.

· Alt 1) Beam association in CORESET level

· In this case, one CORESET is associated to a CSI-RS resource. Therefore, the UE expects that the TX-RX BPL is the same for all PDCCH candidates within a CORESET.

· When the UE is configured to monitor multiple BPLs to against the blockage of BPL, the network can configure multiple CORESETs which associated to different CSI-RS resources for the UE. And the UE recognizes the TX-RX BPLs for each CORESET according to the BPL indication and the CSI-RS resource indication of CORESET configuration.
· There is no restriction for the contents of DCIs in different CORESETs. The DCI contents can be the same or different.

· Alt 2) Beam association in search space or PDCCH candidate levels
· In this case, a search space or a PDCCH candidate is associated to a CSI-RS resource. Therefore, the UE can use different TX-RX BPLs to blindly detect PDCCHs within a CORESET.

· When the UE is configured to monitor multiple BPLs, the gNB can transmit multiple PDCCHs with different analog beams in multiple search spaces or PDCCH candidates without configuring multiple CORESETs.

· The DCI contents for multiple BPLs can be the same or different.

Compared with the Alt 1, Alt 2 has following disadvantages.

· The CSI-RS resource indication in CORESET configuration is more complicated.

· Additional definition or configuration is needed when the UE is configured to monitor multiple BPLs. If multiple analog beams cannot be transmitted within a symbol, then the occupied symbols for multiple search spaces (or PDCCH candidates) associated to different CSI-RS resources may need to be defined in a CORESET because the PDCCH resource mapping is in a time-first manner.

Proposal #3: NR supports spatial QCL between additional CORESET and CSI-RS resource.
Proposal #4: An additional CORESET is associated to only a CSI-RS resource.
3 Conclusions

In this contribution, we provide our views on the multi-beam operations for NR-PDCCH in different states, e.g., initial access, RRC IDLE mode and RRC CONNECTED mode. Based on the discussions, we have following proposals.

Proposal #1: The common CORESET comprising PDCCH related to cell-specific information, e.g., SI, should support beam sweeping.

Proposal #2: The common CORESET comprising PDCCH related to paging should support beam sweeping.

Proposal #3: NR supports spatial QCL between additional CORESET and CSI-RS resource.

Proposal #4: An additional CORESET is associated to only a CSI-RS resource.
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