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1	Introduction
[bookmark: _GoBack]In RAN1 #88, the following agreements were reached:
Agreements:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency
· The following may be considered to achieve the above (in the physical domain)
· Option 1: Localized or distributed mapping of REGs to a CCE. 
· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Down-selection between Opt 1 and Opt 2 should be further discussed
· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case
Agreements:
· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:
· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 
· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate
· Down-selection should be discussed, including of the number of supported option(s)
In #88bis, we further have:
Agreement:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
· Note: The number of contiguous REGs in the CCE needs further discussion. 
· Note: Localized/distributed mapping can be achieved without/with interleaving.
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 paper, we propose some down-selection of the available options.
2	Discussion
For the number of REGs per CCE, if 1CCE=4REGs, then 1 CCE corresponds to 64 coded bits (assuming 1/3 RS overhead), which is too small to hold large DCI in aggregation level 1. On the other hand, if 1CCE=8REGs, then the granularity for PDCCH size is too coarse, and AL8 would be too large. We believe 1CCE=6REGs is a reasonable choice.
[bookmark: p1]Proposal 1. Confirm the WA on having 6 REGs per CCE.
For mapping of NR-PDCCH in time and frequency, all 4 combinations of time-first and frequency-first are included in the current agreement.
If there in only one control OFDM symbol, both REG to CCE mapping and the CCE to PDCCH mapping can only be frequency first. However, when there are more than one control OFDM symbol, we have two choices for REG to CCE mapping: Frequency first, time second or time first, frequency second.
The 4 combinations in the agreement apply for the case with more than one control OFDM symbols.
· Frequency first then frequency second – Both REG to CCE mapping and CCE to PDCCH mapping are frequency first.
· Time first then time second – Both REG to CCE mapping and CCE to PDCCH mapping are time first.
· Time first then frequency second– REG to CCE mapping is time first, and CCE to PDCCH mapping goes in frequency direction.
· Frequency first then time second – REG to CCE mapping is frequency first, but CCE to PDCCH mapping is time first.
Out of the 4 combinations, the time first then time first approach is of the least interest. It only applies to some combinations of the number of control OFDM symbols in the CORESET and the number of REGs in a CCE. For example, 2 control OFDM symbol with 5 REGs per CCE. Due to the irregularity of the design, it will lead to many design and implementation problem and we strong recommend to not supporting this option.
The remaining three different options have their pros and cons and are compared in the next table.
Table 1. Comparison of different REG to CCE mapping
	
	Frequency first then frequency second
	Time first then frequency second
	Frequency first then time second

	Frequency diversity
	Higher frequency diversity.
	Lower frequency diversity.
	For AL1, same frequency diversity as frequency first approach. For higher AL, same diversity as the time first approach.

	UE processing timeline friendliness
	Allows early processing such that the receiver does not need to wait for the next control OFDM symbols to dispatch the blind decodings for the candidates, if the CCE to PDCCH is also frequency first, and if the DMRS is front loaded.
	Needs to wait for all the control OFDM symbols to be received to dispatch blind decodes.
	For AL1, early processing is possible. For larger AL, needs to wait for all the control OFDM symbols to be received to dispatch blind decodes.

	Front loaded closed loop DMRS support
	DMRS sharing in PDCCH is not possible if the same PRB in different OFDM symbols are used in decoding candidates of different UEs beamformed differently.
	Naturally can reuse.
	For AL1, same problem as frequency first approach. For higher AL, can reuse.

	Front loaded open loop DMRS support
	No problem, as in this case, the DMRS is not beam formed to a particular UE and the different decoding candidates of different UEs in different symbols can share the same DMRS
	No problem
	No problem

	Coexistence with group common PDCCH (assume frequency first)
	Coexist nicely 
	Higher blocking probability
	Depends on the AL of the group common PDCCH. If group common PDCCH is AL1, it can coexist with AL1 PDCCH under mixed approach. For higher PDCCH AL, there seems to be problem.

	Blind decoding sharing with 1 symbol control
	Naturally shared in the sense decoding candidates under 1 OFDM symbol control is a subset of multiple OFDM symbol control
	Separate sets of blind decoding under the assumptions of one OFDM symbol control and multiple OFDM symbols control. This may lead to more blind decodings.
	Only AL1 decoding candidates are shared



Since one control OFDM symbol case is always needed, the frequency first CCE to REG mapping followed by frequency first search space candidate to CCE mapping is always needed. On the other hand, if time first CCE to REG mapping followed by frequency first search space candidate to CCE mapping is supported, we will need to solve the problem that under different assumption on the number of control OFDM symbols, different sets of search space candidates need to be decoded, which will lead to larger number of blind decoding. To solve this problem, we propose to restrict the use of this mapping only to the case the number of control OFDM symbol is not dynamically changing. In other words, this mode of mapping is used when there is no dynamic CFI.
To summarize, we have the following proposals:
[bookmark: p2][bookmark: p3]Proposal 2. For CCE to REG mapping and search space candidate to CCE mapping combinations:
· Frequency first CCE to REG mapping paired with frequency first search space candidate to CCE mapping is supported
· Time first CCE to REG mapping paired with frequency first search space candidate to CCE mapping is supported only when there is no dynamic CFI
· Frequency first CCE to REG mapping paired with time first search space candidate to CCE mapping is not supported
· Time first CCE to REG mapping paired with time first search space candidate to CCE mapping is not supported

3	Conclusions 
In this paper, we compared different options of PDCCH structure and have the following proposals:
Proposal 1. Confirm the WA on having 6 REGs per CCE.
Proposal 2. For CCE to REG mapping and search space candidate to CCE mapping combinations:
· Frequency first CCE to REG mapping paired with frequency first search space candidate to CCE mapping is supported
· Time first CCE to REG mapping paired with frequency first search space candidate to CCE mapping is supported only when there is no dynamic CFI
· Frequency first CCE to REG mapping paired with time first search space candidate to CCE mapping is not supported
· Time first CCE to REG mapping paired with time first search space candidate to CCE mapping is not supported
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