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1. Introduction
In NR#3 meeting, some conclusions were reached about supporting multiple beam operation in DL control channel design [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

This contribution is resubmission of R1-1717513 with modification. In this contribution, we give our discussion on further aspects of multi-beam operation for NR-PDCCH. 
2. Discussion

1.1 Multi-beam transmission for NR-PDCCH
As the agreement in NR Ad Hoc3 meeting, NR-PDCCH transmission supports robustness against beam pair link blocking through multiple beam pair link (BPL) operation. Depending on at least UE capability about the number of RF chains at UE, UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously or in different OFDM symbols. Similarly, depending on at least gNB capability like the number of RF chains at gNB, NR-PDCCH(s) can be transmitted on M beam pair link simultaneously or in different OFDM symbols. 

In specification, multiple resource level could be associated with multiple beam pair links for NR-PDCCH transmission. In the NR-PDCCH perspective, there may be multi-beam transmission depending on different resource level associated with multiple beam pair links. The supporting of them will be done by description of resources of different level.

There are different level for association of BPL:

· Multiple beam pair links associated with multiple CORESETs
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Figure 1 Multiple beam pair links associated with multiple CORESETs

As shown in Figure 1, multiple beam pair links are associated with multiple CORESETs respectively. Multiple beam pair links can be monitored through monitoring multiple configured CORESETs. Multiple CORESETs can be in the same OFDM symbol (OS), depending on beam capability of  gNB and UE. 

BPLs can be configured for same type of PDCCH transmission. Then, the group of CORESETs can be configured with same configuration such as REG-to-CCE mapping, REG bundle structure/size.
· Multiple beam pair links associated with multiple search spaces associated with a set of aggregation level
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Figure 2 Multiple beam pair links associated with multiple search spaces with a set of aggregation level

As shown in Figure 2, multiple beam pair links are associated with multiple search spaces with a set of aggregation level respectively. 

Search spaces can be configured in the same or different CORESETs. 

Furthermore, CORESET with multiple OFDM symbol can support one candidate in one OFDM symbol, so we can consider the association of BPL and candidate.

· Multiple beam pair links associated with multiple candidates in a search space
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Figure 3 Multiple beam pair links associated with multiple candidates in a search space

As shown in Figure 3, multiple beam pair links are associated with different candidates in a search space under certain aggregation level. Each candidate may imply certain beam. 

· Multiple beam pair links associated with multiple CCEs/REGs for a PDCCH
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Figure 4 Multiple beam pair links associated with multiple CCEs/REGs

As shown in Figure 4(a), multiple beam pair links are associated with multiple CCEs of a distributed NR-PDCCH and a REG bundle is grouped from 3 REGs across time domain, which leads to beam cycling at CCE level for a PDCCH. In Figure 4(b), multiple beam pair links are associated with multiple REG bundles of a PDCCH, which leads to beam cycling at REG bundle level.

However, beam cycling for a PDCCH may suffer receiving performance degradation in some cases. When at one of the used beam pair links is blocked, whole PDCCH receiving impacted. As a result, the multi-beam transmission should be carefully considered when using this cycling scheme.

Using multiple candidates in a search space associated with multiple beam pair links requires that gNB and UE should has multiple RF chains to support multiple beam pair links simultaneously. The applicability depends on capability. 

For the above level of BPL association, each one may has its pros and cons:

BPL associated with CORESET is a simple way to configure. UEs under the same beam coverage can be configured with the same CORESET, and UE can be configured with multiple CORESETs to support multiple beams. But this scheme may demand more resource for PDCCH.

Search level association is more flexible. For example, search space under large aggregation level associated with wide beam while search space under small aggregation level associated with narrow beam.

CCE level association provides beam diversity for a candidate larger than AL 1. But the performance maybe degraded if CCE in certain beam is blocked.

For REG bundle, it will have the same problem as CCE level association. We cannot find the significant advantage compared with CCE level although it can supply more little granularity of beam diversity. 

Proposal 1: Multiple CORESETs should be configured to associate with multiple beams respectively for NR-PDCCH. Candidates configured with different beam can also be considered.

1.2 UE procedure for multi-beam NR-PDCCH monitoring
When multiple beam pair links associating with multiple resources are configured for a UE, the following operations for UE procedure could be considered:

Option 1: UE always monitors all of configured beam pair links.

Option 2: UE monitors multiple beam pair links at a priority order, and not always monitors all of configured beam pair links.

For Option 1, UE bind detect all of corresponding resources for multiple beam pair links at the configured monitoring occasion. However, UE power consumption will increase for this option. The blind detection complexity will always be maximum.
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Figure 5 An example of Option 1 for NR-PDCCH monitoring

For Option 2, UE detect corresponding resources for multiple beam pair links at a priority order. Once the limited number of NR-PDCCH is received from beams, UE will stop detecting. Then, UE can save average power consuming and it is favor for NR-PDCCH blind detection complexity reducing. 
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Figure 6 An example of Option 2 for NR-PDCCH monitoring

For example as Figure 5 and Figure 6, there are 3 configured CORESETs for 3 beams are monitored. In Figure 5, UE monitors NR-PDCCH in all of 3 beam pair links. In Figure 6, UE monitors NR-PDCCH at a priority order as BPL1, BPL2 and then BPL3 and we assume maximum 1 PDCCH should be detected.. In slot n, NR-PDCCH has been received from BPL1, and then UE drops to monitor BPL2 and BPL3 in this slot. In slot n+1, NR-PDCCH is not received from BPL1 and can be received from BPL2, and then UE drops to monitor BPL3. 

With the priority order defined for multiple BPLs, NR-PDCCH shall be transmitted based one priority order. Different priority order for multiple BPLs could be configured for different time window. 

If UE is not receiving any indication about priority order for multiple BPLs or UE is not assumed any priority order for multiple BPLs, and then UE monitors all the configured multiple BPLs for NR-PDCCH. 

In the multiple beam operation over number of resources (CORESET), the blind decodes will be increased significantly.  Especially for time domain, there is not definition for the order of detection. Thus, a priority has to be defined. This approach is more desirable for power saving of UE, NR-PDCCH blind detection reducing, and sometimes processing delay reducing. Thus, it should be supported in CORESET configuration for multi-beam operation in NR-PDCCH.

Proposal 2: Multiple CORESETs associated with different beams should be with a priority order for NR-PDCCH monitoring. It can be in configuration of CORESETs.

The multiple beam monitoring is also supporting dynamic beam switching for NR-PDCCH.  However, high number of potential beams will increase the number of blind decodes. The switching of beams can be down when the gNB find the original beam goes poor. And it can avoid retuning beam process by beam recovering process.
3. Conclusion

Based on the analysis given above, we have the following proposals:
Proposal 1: Multiple CORESETs should be configured to associate with multiple beams respectively for NR-PDCCH. Candidates configured with different beam can also be considered.

Proposal 2: Multiple CORESETs associated with different beams should be with a priority order for NR-PDCCH monitoring. It can be in configuration of CORESETs.
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