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1 Introduction
In RAN1 #90 Meeting [1], RAN1 Ad-Hoc#2 Meeting in Qingdao [2] and #89 Meeting [3], there were following agreements related to the PDCCH structure and resource mapping: 
Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles



Agreement:
For a 1-symbol CORESET with interleaving, 
· At least REG bundle size = 2 is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between 2 and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
For a 2 or 3 symbol CORESET with interleaving, 
· At least REG bundle size = CORESET length is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between CORESET length and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
(Note: REG bundle size = REGs in frequency domain x symbols in time domain)
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles

In this document, we discuss our views on the issue of supporting frequency-first REG bundling for multi-symbol CORESETs in NR, and its implications.
2 CORESETs for multi-beam PDCCH transmission 
A control resource set can be defined in different ways for the DL control channel in the multi-beam scenario. One important question is whether a multi-symbol CORESET can be associated with multiple beams (as shown in Figure 1) or different beams are associated with different CORESETs and each CORESET is only associated with one beam (as shown in figure 2).


Figure 1. One control resource set including PDCCH candidates sent on beam 1 or beam 2 or both.
In case the control resource set spans over multiple OFDM symbols and different beams are used on different OFDM symbols (as shown in figure 1), depending on REGs to CCE and CCEs to PDCCH candidate mappings and search space configuration, we may have the following PDCCH transmission options:
· Option 1: A search space is configured over only one OFDM symbol, however, different search spaces within the control resource set could be associated with different beams.  
· Option 2: A given PDCCH candidate is mapped on one OFDM symbol (i.e., over one beam); however, different PDCCH candidates of a search space could potentially be associated with different beams. 
· Option 3: A given CCE is mapped on one OFDM symbol (i.e., over one beam); however, a PDCCH candidate could potentially be transmitted over different beams.
· Option 4: A given REG bundle is mapped on one OFDM symbol (i.e., over one beam); however, a CCE can potentially be transmitted over multiple beams.


Among these options, options 1 and 2 are transparent to the UE; however, option 2 provides more flexibility at the scheduler for assigning PDCCH candidates each with potentially a different beam without defining multiple search spaces. As for the other 2 options, the structure of PDCCH should be compatible with the multi-beam assumptions (as discussed in the next section). Also, in case of multi-TRP transmission (when different beams are transmitted from different TRPs), the implications of QCL assumptions should be taken into account and it may limit the applicability of options 3 and 4. In the case that the same beam is transmitted over multiple OFDM symbols, all PDCCH candidates of a search space may be associated with only one beam.

If control resource set spans one OFDM symbol, it can only be associated with one beam (as shown in figure 2). In this case, all PDCCH candidates of a search space are associated with only one beam, because all the candidates of a search space are inside one control resource set. It should be noted that the adjacent control resource sets (in time) can have different or similar REG-to-CCE and CCE-to-candidate mappings. For example, one control resource set can support localized PDCCH and the other one can support distributed PDCCH. 


Figure 2. Different control resource sets associated with different beams on different OFDM symbols.
Although associating only one beam to a control resource set simplifies the PDCCH design and search space monitoring, supporting also multi-beam CORESETs makes it possible to have PDCCH candidates on multiple beams and have beam diversity which can potentially improve the reliability of PDCCH.
Proposal 1: A control resource set can be associated with single beam or multiple beams.
In case the control resource set spans over multiple OFDM symbols and different beams are used on different OFDM symbols (as shown in figure 1), because one REG bundle cannot be associated with multiple beam, the REG bundling should be in frequency. Therefore, REG bundling in frequency should not be excluded for multi-symbol CORSETs. Also, supporting the option of frequency-first REG bundling for multi-symbol CORESETs makes it possible to use precoder cycling in time.
Proposal 2: For multi-symbol CORESETs, both options of REG bundling in time and frequency are supported.

When a control resource set is defined over multiple OFDM symbols, it is possible to form PDCCH candidates that are sent over multiple OFDM symbols, using different beams (options 3 and 4). Transmitting one PDCCH on different beams provides beam diversity and can drastically reduce the probability of shadowing and beam blocking. In option 3, a PDCCH is sent over multiple beams by dividing its CCEs among the beams. In option 4, each CCE is sent over multiple beams. This approach can be especially useful for adding the beam diversity to the frequency diversity, in the case of distributed PDCCH. 
Among these two options, option 4 can be consistent with the current PDCCH structure and interleaver design, if REG bundling is done in frequency and the interleaving of REG bundles is done across the whole multi-symbol CORESET, not separately for each symbol.
Proposal 3: Interleaving REG bundles across the whole CORESET is supported for a multi-symbol CORESET with frequency-first REG bundling.

1. Summary
This contribution discussed the issue of multi-beam and (possibly multi-TRP) PDCCH transmission. The following is proposed:
Proposal 1: A control resource set can be associated with single beam or multiple beams.
Proposal 2: For multi-symbol CORESETs, both options of REG bundling in time and frequency are supported.
Proposal 3: Interleaving REG bundles across the whole CORESET is supported for a multi-symbol CORESET with frequency-first REG bundling.
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