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1. Introduction
In RAN1 NR Ad-Hoc#2 [1], the following agreements on NR-PDCCH physical structure have been reached. 
	Agreements:
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




This contribution presents our view on remaining details on NR-PDCCH structure, specifically to address above FFS issues. 
2. Discussion
2.1 Support of REG bundle size of 6
According to the work assumptions described above from RAN1 Ad-Hoc#2, REG bundle = 6 is also supported for 1/2/3- symbol CORESET with interleaving. In addition to the smaller REG bundle (REGB) size of 2 or 3, we believe the additional REGB size of 6 can provide further flexibility of trade-off between channel estimation performance and achieved frequency diversity for PDCCH candidates of large aggregation levels. Moreover, since 6 REGs based REGB has already been supported for non-interleaved REG-to-CCE mapping, it shall not add more UE channel estimation complexity for the support of 6 REGs based REGB for interleaved REG-to-CCE mapping. The UE would anyway need to support both interleaved and non-interleaved REG-to-CCE mapping. As a result, we would like to confirm the respective work assumption as follows.     
[bookmark: p1]Proposal 1: For 1/2/3- symbol CORESET with interleaving, REG bundle size = 6 is supported.
The relevant FFS of supporting additional REGB size of 6 for CORESET with interleaving is whether configuration of REGB size is explicit or implicit. It is obvious that explicit configuration is the most straightforward solution with additional signalling overhead. However, it is envisioned that the additional signalling overhead shall be quite minor. Moreover, the signalling can be also combined with other parameters when it is advantageous. In case of implicit signalling of 6-REG bundle, it is logical that the least number of consecutive RBs in the CORESET shall accommodate at least 6 REGs. Naturally, this would impose additional restriction on CORESET RB allocation due to the supported REGB size. If no other implicit REGB size signalling method would be proposed without imposing restriction on RB allocation, explicit signalling method should be a sensible choice.          
[bookmark: p2]Proposal 2: CORESET configuration includes the explicit information on REGB size.   
2.2 Support of additional REG-to-CCE mapping options for multi-symbol CORESETs
The following additional REG-to-CCE mapping options were identified at the RAN1 #89 meeting [2]:
· Option 1: Support of time-domain precoder cycling using frequency-first mapping from REG-to-REG bundles, and time-first from REG bundle-to-CCE (“Support REG bundle in time-domain being equal to 1 symbol”)
· Option 2: Support of frequency-first mapping such that:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols
[bookmark: _GoBack]For Option 1, the motivations include PDCCH capacity and time-domain precoder cycling, while for Option 2, the motivations are PDCCH capacity and faster/easier UE processing pipelining as it doesn’t need to wait until the last symbol to start processing PDCCH candidates. For the support of analog beamforming, it is much simpler to associate different BPLs to different CORESETs on different OFDM symbols, instead of following Option 1, which can lead to significant complexity in the interleaver design. On the other hand, it can be beneficial to support Option 2 as an extension of the 1-symbol CORESET case to multi-symbol case to address PDCCH capacity and, at the same time, make the multi-symbol CORESET configuration amenable to pipelined processing at the UE receiver.   
[bookmark: p3]Proposal 3: For multi-symbol PDCCH CORESET, adopt the following additional REG-to-CCE mapping option:
· (Option 2) Support of frequency-first mapping such that:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols.
2.3 Interleaver options for distributed PDCCH
One important remaining detail related to PDCCH structure involves the design of suitable interleaver for interleaving of the REG bundles. While the optimal choice of the interleaver needs further investigations depending on the finalization of the REG bundling and REG-to-CCE mapping options discussed above in this contribution, the following characteristics can be considered based on the agreements made so far:
[bookmark: p4]Proposal 4: The same interleaver (I0) can be used for PDCCH with 1-symbol CORESET and PDCCH with multi-symbol CORESET with time-first mapping of REG-to-CCE.
As mentioned above, for multi-symbol CORESET, if Option 2 is adopted as the additional REG-to-CCE mapping, and interleaver for REG-to-CCE mapping is performed per OFDM symbol. As a result, CCEs with same in-symbol index, which is defined within the OFDM symbol, among different OFDM symbols can have same frequency allocation. To enhance the frequency diversity of PDCCH mapped to multiple OFDM symbols, it can be beneficial that interleaver for REG-to-CCE mapping per OFDM can take the symbol index of CORESET into account so that CCEs with same in-symbol index in different OFDM symbols are allocated in different frequency part.      
[bookmark: p5]Proposal 5: For PDCCH with multi-symbol CORESET, if Option 2 is adopted as the additional REG-to-CCE mapping option, interleaver I0 can be used with application of cyclic shifts defined as a function of the symbol index within the CORESET.
  
3. Conclusions
Given the discussion above, our proposals in this contribution are summarized as follows.
Proposal 1: For 1/2/3- symbol CORESET with interleaving, REG bundle size = 6 is supported.
Proposal 2: CORESET configuration includes the explicit information on REGB size. 
Proposal 3: For multi-symbol PDCCH CORESET, adopt the following additional REG-to-CCE mapping option:
· (Option 2) Support of frequency-first mapping such that:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols.
Proposal 4: The same interleaver (I0) can be used for PDCCH with 1-symbol CORESET and PDCCH with multi-symbol CORESET with time-first mapping of REG-to-CCE.
Proposal 5: For PDCCH with multi-symbol CORESET, if Option 2 is adopted as the additional REG-to-CCE mapping option, interleaver I0 can be used with application of cyclic shifts defined as a function of the symbol index within the CORESET.
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