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Introduction
In RAN1 meeting #88bis [1], there were agreements about the control channel for multi-TRP transmission. 
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. 

In this document we discuss our views related to the design consideration for beam-centric PDCCH and multi-beam (and possibly multi-TRP) PDCCH. 

Control resource sets for multi-beam PDCCH transmission 
A control resource set (which can include several search spaces, each including several PDCCH candidates) can be defined in different ways for the DL control channel in the multi-beam scenario. 


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, different beams can be 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. 
Proposal 1: In NR, both single-beam and multi-beam control resource set are supported.



Figure 2. Different control resource sets associated with different beams on different OFDM symbols.

3	CCE structure for multi-beam PDCCH transmission 
[bookmark: _GoBack]As discussed in section 2, 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. Figure 3 shows an example of this approach, where a PDCCH with aggregation level (AL) of 4 has two CCEs on the first OFDM symbol (sent over one beam) and two CCEs over the second OFDM symbol (sent over another beam). 
In option 4, each CCE is sent over multiple beams. Figure 4 shows an example of this approach with two CCEs, each consisting of two REG bundles of size 3 (sent over two different 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 3 is easier to implement for different cases of REG-to-CCE mapping (because one CCE is only associated with one beam). On the other hand, option 4 provides the most diversity, although it may be applicable only for especial cases of REG-to-CCE mapping (e.g. the case of interleaved frequency-first mapping, as shown in figure 4). 
[image: ]
Figure 3. An example of 4 CCEs on two OFDM symbols assigned to a PDCCH candidate. First and second OFDM symbols are sent over two different beams.

[image: ]
Figure 4. An example of distributed CCEs over two different beams (on the first and second OFDM symbols).


Proposal 2: Multi-beam PDCCH should be supported by NR.


1. Summary
This contribution discussed the issue of multi-beam and (possibly multi-TRP) PDCCH transmission. The following is proposed:

Proposal 1: In NR, both single-beam and multi-beam control resource set are supported.
Proposal 2: Multi-beam PDCCH should be supported by NR.
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