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Introduction
In RAN1 meeting #88bis [1], there were agreements and working assumptions about the NR-PDCCH structure, and REG bundling in the mapping of REGs to CCEs:
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size
· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels 

Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space
· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 
· FFS on REG bundle size
· FFS whether REG bundle size is configurable

Working assumption:
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.

In this document, we discuss our views related to design of localized and distributed NR-PDCCH andthe issue of  REG bundling and its impact on the PDCCH structure. 
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According to the agreements, adjacent REGs in time or frequency can be bundled together and their correspondingto enable joint channel estimation can be done togetheracross the REGs as shown in Figure 1. For REGs in a REG bundle, it is also agreed assumed that the precoder is the same (as shown in figure 1). However, it is still FFS whether all REGs have DMRS or not. From our perspective, Iin a REG bundle, all or some of the REGs may contain DMRS depending on the bundling being done in frequency or time. For exampleMore specifically, if the bundling is done in time some REGs may not have DMRS while if the bundling is done in frequency all REGs have DMRS. In fact, the advantage of having DMRS REGs is to increase the number of available REs in a CCE, which in turn, achieves lower coding rate and better performance. 
In case of beamforming, where different OFDM symbols in time may have a different beamforming, all REGs need to have DMRS. Accordingly, we believe the scheduler can address this issue by configuring multiple CORSETs where each COREST’s duration is limited to one OFDM symbol. This is to make sure that each REG within the REG bundle contains RS.
Proposal 1: For REG bundling in frequency, all REGs within the bundle have DMRS. For REG bundling in time, some REGs may not have DMRS.
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[bookmark: _Ref481763033]Figure 1 Example of REG bundling in time or frequency for distributed CCEs of size 6.

Figure 1. Example of REG bundling in time or frequency for distributed CCEs of size 6.
In the case that time-first REG is used (and the control resource set covers multiple OFDM symbols), the most natural size for the REG bundle is the number of OFDM symbols in the control resource set. Therefore, the REG bundle size can be either set as a fixed number that is appropriate for both cases of time-first and frequency-first REG-to-CCE mappings or be dependent on the structure of the control resource set. For the sake of the simplicity of the PDCCCH design, we propose a fixed REG bundle size (e.g. 2), independent of both whether the mapping is time-first or frequency-first and whether PDCCH is localized or distributed. 
Proposal 2: REG bundle size is fixed (e.g. 2), independent of both whether the mapping is time-first or frequency-first and whether the mapping of CCE to REGs interleaved.

After the REG bundles are formed, they can be used as building blocks for CCEs (i.e., mapping of REG bundles to CCEs is independent of whether the bundle is formed in time or frquency). Distributed and localised PDCCH can be associated to corresponding interleaved or non-interleaved mappings from of REG bundles to CCEs. It should be noted that even when the REG-to-CCE mappingREG bundle is in time-first, because the REG bundle size is equal to the size of control resource set in time, the mapping of REG bundles to CCEs is better towill be always be frequency-first.
Proposal 31: In mapping of REGs to CCEs, NR should consider REG bundles as intermediate building blocks.
Proposal 42: Distributed and lIn NR, localized and distributed PDCCH should be associated with the corresponding interleaved or non-interleaved mapping of REG bundles to CCEs.     
Proposal 53: MIn NR, mapping of REG bundles to CCEs is always frequency-first.  
As for group common PDCCH, irrespective of the channel coding and modulation scheme, the REG and REG bundle structure can be reused similar to PHICH and PCIFICH in LTE. However, given that group common PDCCH will be transmitted on the first OFDM symbol, the REG bundling for group common PDCCH will be only done in frequency which implies all REGs contain DMRS. Also, the choice of mapping of REG bundles to CCEs will be limited to interleaved in this case.    
Proposal 4: REG bundle size is fixed (e.g. 2), independent of both whether the mapping is time-first or frequency-first and whether PDCCH is localized or distributed.
Summary
This contribution discussed the issue of REG bundling and mapping of REGs, REG bundles and CCEs for localized and distributed NR-PDCCH. We made the following proposals:
Proposal 1: For REG bundling in frequency, all REGs within the bundle have DMRS. For REG bundling in time, some REGs may not have DMRS.
Proposal 2: REG bundle size is fixed (e.g. 2), independent of both whether the mapping is time-first or frequency-first and whether the mapping of CCE to REGs interleaved.
Proposal 3: In mapping of REGs to CCEs, NR should consider REG bundles as intermediate building blocks.
Proposal 4: Distributed and localized PDCCH should be associated with the corresponding interleaved or non-interleaved mapping of REG bundles to CCEs.     
Proposal 5: Mapping of REG bundles to CCEs is always frequency-first.      
Proposal 1: In mapping of REGs to CCEs, NR should consider REG bundles as intermediate building blocks.
Proposal 2: In NR, localized and distributed PDCCH should be associated with the corresponding mapping of REG bundles to CCEs.    
Proposal 3: In NR, mapping of REG bundles to CCEs is always frequency-first.      
Proposal 4: REG bundle size is fixed (e.g. 2), independent of both whether the mapping is time-first or frequency-first and whether PDCCH is localized or distributed.
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