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1 Introduction
In previous RAN1 meeting, the following were agreed related to the multi-beam transmission of PDCCH [1, 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:
· Support NR reception of at least one but no more than two of the following 

· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 

· Note the following may or may not have RAN1 specification impact. 

· Note that different NR-PDSCH data layers from single TRP is special case.

· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs

· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling

· Other techniques can be considered. 
This contribution discusses further details of multi-beam transmission for PDCCH.
2 Multi-beam transmission for PDCCH
For NR that needs to cover frequency ranges up to 100GHz, one of the key aspects to be considered for specification is multi-beam based operation on gNB and/or UE sides. In other words, NR system would need to utilize multiple narrow beams to cover the whole cell area in order to overcome the large path loss and large penetration loss of high frequency ranges, especially for over 6GHz. As such, the following fundamental characteristics of analog and hybrid beamforming should be taken into account for control channel design:

· For analog beams, multiple beams cannot be supported within a symbol, and multiple symbols are needed for multi-beam transmissions. 
· For hybrid beamforming, a limited number of finer digital beams can be utilized in a symbol in FDM manner.
In the following subsections, multi-beam operations of PDCCH for the following three usage scenarios are discussed in details: 
· Multi-beam transmission for common control channels, i.e., CORESET for CSS as in Figure 1(a)
· Beamformed UE-specific control channels for different UEs with different beam-pair links as in Figure 1(b)
· Multi-beam transmission of UE-specific control channels to achieve robustness against beam pair link blocking or receive DCIs from different TRPs using different beams.
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Figure . Use cases of multi-beam transmission for PDCCH, (a) multi-beam transmission for common control channels, (b) multi-beam transmission for multiple UE-specific control channels, (c) multi-beam transmission for a UE-specific control channels.
2.1 Multi-beam transmission for common control channel
In initial access procedure, UEs need to receive cell-common signals such as PSS/SSS/PBCH from gNB without any knowledge of Tx/Rx beam alignment. For this reason, NR SS-blocks composed of PSS/SSS/PBCH apply beam sweeping over multiple OFDM symbols. After completing SS-block acquisition, the UE will try to detect common DCIs by monitoring a CORESET for CSS to receive additional initial access signals such as SI and RAR scheduling. 
There could be a couple of approaches to support multi-beam operation on CSS CORESETs. The first approach is allowing a single CORESET to have multiple OFDM symbols on which gNB transparently sweep multiple beams and UE blindly searches common DCIs in the configured CORESET. In specification point of view, this approach would only require a configuration case for such multi-symbol CORESET, while the UE blindly detects a beam pair link that enables common PDCCH detection. However the UE complexity can be comparable to that of the SS block detection which is not desirable. 
Alternatively, the specification can enable a UE to use beam pair link information obtained from the SS block detection. The UE may assume that the PDCCH in an OFDM symbol in the CORESET is QCL’ed with an SS block in the spatial parameters, so that the UE can use an Rx beam set that the UE used for SS block detection for the PDCCH reception in the corresponding OFDM symbol in the CORESET. In a second approach, multiple CORESETs (can have same configuration) that correspond to transmitted SS blocks are configured and a UE can assume that PDCCH in a CORESET is QCL’ed with an SS block in the spatial parameters. Both approaches can be used for the multi-beam cases, but the second approach is preferred due to its flexibility, as transmissions from different beams are not joined in a same CORESET.
For paging messages, IDLE UEs should be able to receive DCI scheduling for the paging PDSCH from the cells within a tracking area [4]. Since such DCI for paging should be able to be detected on CSS CORESET without any knowledge of Tx/Rx beams, it is believed that the above two approaches to support multi-beam operation on CSS CORESETs could be similarly applied for paging. 
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Figure 2. Multi-beam transmission based on beam sweeping for UE-common control channel
Observation 1: For a common CORESET containing DCIs related to initial access and paging, beam sweeping based multi-beam transmission should be supported.

2.2 UE-specific control channels for different UEs
After initial access procedure, a UE in CONNECTED mode keep performing beam management procedures and can establish beam pair links
UE-specific PDCCH and PDSCH can be transmitted over the corresponding beam pair link(s). gNB can deal with transmitting multiple UE-specific PDCCHs for multiple UEs having different beam pair links in various ways [5]. Two examples for two CORESETs configured to two UEs with different beam pair links are shown in Figure 3. 
In Example 1, UE-specific PDCCHs are transmitted first followed by the scheduled PDSCHs. For Example 1, the gNB configures different CORESETs having different beam pair links in different symbols and each UE monitors its own CORESET based on the configuration, e.g., UE#1 monitors CORESET#1 in the first symbol and UE#2 monitors CORESET#2 in the second symbol. Each UE obtains PDSCH scheduling information from DCI and each PDSCH has different starting positions and durations depending on gNB scheduling since multiple PDSCHs using different beams would be transmitted in different symbols. However, since it was already agreed in RAN1 that data channel can have arbitrary duration and starting position, the operation in Example 1 can be transparently operated without additional specification support.
In Example 2, a pair of PDCCH and PDSCH is transmitted in a first number of OFDM symbols followed by another pair of PDCCH and PDSCH for the other UE using different beam. If UE has information on CORESET configuration and PDCCH monitoring periodicity, PDSCH starting position and duration, Example 2, can also be supported in UE transparent manner without additional specification support. 

Having discussed above, in our view, any special treatment to deal with UE-specific control channels for different UEs with different beam-pair links is not needed.
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Figure 3. Multi-beam transmission for different UE-specific control channels
Observation 2: UE-specific control channels for different UEs with different beam-pair links can be supported without additional agreement on that.
2.3 Multi-beam transmission for a UE-specific control channel
There are two major use cases for multi-beam transmission of UE-specific control channels – the one is to achieve robustness against beam pair link blocking and the other is to receive DCIs from different TRPs using different beams. To efficiently support such multi-beam transmission in a UE-specific control channel, at least following aspects need to be clarified: 
1) how to configure CORESETs for multiple beam pair links
2) how to transmit the DCIs via multiple beam pair links (e.g., same DCI transmission or different DCI transmission)
3) how to configure monitoring periodicity for each beam pair link

Figure 4 shows three alternatives for CORESET configuration for multi-beam operation of a UE-specific PDCCH. In Figure 4, it is assumed that the UE operates by default on Beam #1 for UE-specific CORESET#1 mornitoring in case of single-beam operation. For various purposes, the gNB can configure multi-beam operation to the UE, assigning additional beam (Beam #2). 
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Figure 4. Alternatives of CORESET configuration for multi-beam operation
In Alt1, the original CORESET is copied in time-domain to have the additional beam pair link. In other words, Alt 1 can be regarded as repeated transmission of the same DCI over the multiple beam pair links like as beam sweeping. If N beam pair links are used for PDCCH transmission, the UE can assume that there would be N repeated transmission for the PDCCH. Therefore, gNB would need simple configuration to inform UE the number of repetitions. Note that in one implementation, such repeated CORESETs could be treated by time-domain combining without increasing the number of blind detection. Alt 1 is suitable to achieve robustness against beam blockage.
In Alt 2, the gNB can configure a CORESET for each beam pair link. In Figure 4, CORESET#2 is configured to the UE for Beam#2 link monitoring and the UE can be configured to decode PDCCHs in both CORESETs. Alt.2 can reflect the general operation for PDCCH monitoring where a UE can be configured multiple CORESETs at respective time-frequency resources and corresponding monitoring periods. If Alt 2 is used for robustness of PDCCH reception, then same DCI can be transmitted via different CORESETs using different beam pair links. On the other hand, if Alt 2 is used for receptions for DCIs from multiple TRPs, different DCIs can be transmitted for each beam pair links.
In Alt 3, a single CORESET is configured which is transmitted over multiple symbols applying the multiple beam pair links. For this, it should be supported to configure dedicated search space for each beam pair link, i.e., beam-specific search space. To support Alt 3, frequency-first mapping of REG-to-CCE mapping is required.
Alt. 1 and Alt. 2 offer specification and complexity advantages over Alt. 3. On the other hand, Alt 2 and Alt 3 have more flexibility in transmitting DCIs via the configured CORESET(s) for each beam pair link as Alt 1 requires transmission of same DCI for multi beam pair links, while Alt 2 and Alt 3 allow for different DCIs to be transmitted for each beam pair link, if needed. Also, Alt 1 and Alt 2 can offer better flexibility in configuring monitoring occasion for each beam pair link over Alt 3. To efficiently manage overhead caused by multi-beam transmission, different monitoring periodicity can apply for different beam pair links in Alt 1 and Alt 2. However, in Alt 3, it is impossible to configure different monitoring periodicity for each beam pair link since there is a single CORESET over multiple beams.

Based on the above observations, Alt 1 would be the best choice to achieve robustness in PDCCH reception due to its simplicity. In addition, Alt 2 is the best way to support multiple DCI reception from different TRPs using different beams because of its flexibility.  To support Alt 1 and/or Alt 2, the gNB can inform the configuration of each CORESET includes an associated QCL reference for DMRS on that CORESET for the purpose of beam indication to be used for that CORESET. The QCL references across different CORESETs are independent. Furthermore, the gNB can explicitly configure whether same DCIs are transmitted over multiple CORESETS or not by higher layer signalling. Alternatively, a UE can be informed implicitly from the QCL information for DMRS of each CORESET.

Observation 3: Same DCI can be repeatedly transmitted for each beam pair link to achieve robustness against beam blocking and different DCIs can be transmitted for each beam link to receive them from different TRPs.

Proposal 1: The CORESET is configured per each beam pair link for multi-beam transmission of UE-specific PDCCH: 

· A UE is configured with one or more CORESETs; the configuration of each CORESET configuration includes an associated QCL reference for the DM-RS on that CORESET.
· QCL references across different CORESETs are independent.
Proposal 2: Whether same or different DCI is transmitted over multiple beam pair links can be informed to the UE, explicitly or implicitly.
3 Conclusion
This contribution discussed on multi-beam transmission for PDCCH and following proposals were made as below.
Proposal 1: The CORESET is configured per each beam pair link for multi-beam transmission of UE-specific PDCCH: 

· A UE is configured with one or more CORESETs; the configuration of each CORESET configuration includes an associated QCL reference for the DM-RS on that CORESET
· QCL references across different CORESETs are independent.
Proposal 2: Whether same or different DCI is transmitted over multiple beam pair links can be informed to the UE, explicitly or implicitly.
And following observations are captured as below.
Observation 1: For a common CORESET containing DCIs related to initial access and paging, beam sweeping based multi-beam transmission should be supported.

Observation 2: UE-specific control channels for different UEs with different beam-pair links can be supported without additional agreement on that.

Observation 3: Same DCI can be repeatedly transmitted for each beam pair link to achieve robustness against beam blocking and different DCIs can be transmitted for each beam link to receive them from different TRPs.
References
[1] RAN1 Chairman’s notes, 3GPP TSG RAN WG1 Meeting-NR#1
[2] RAN1 Chairman’s notes, 3GPP TSG RAN WG1 Meeting#88bis
[3] R1-1711604, “Beam management for NR-PDCCH”, Samsung
[4] R1-1710632, “Paging design”, Samsung
[5] R1-1713595, “On beam indication”, Samsung
Page 3





