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1	Introduction
In NR AdHoc #1, the following agreement was reached:
Agreements:
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s)
· A NR-CCE is defined in fixed number of REGs
· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping
· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE
· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
· E.g. K can be 1, 2, 4, or 8, etc

In this paper, we further discuss the design REG to NR-CCE mapping and NR-CCE to NR DL control channel candidate mapping.
2	Discussion
For PDCCH structure, we need to consider REG to CCE mapping and CCE to PDCCH mapping. It was already agreed that each REG is one PRB in one OFDM symbol, and each CCE is a fixed number of REGs. However, there are still multiple design options for each of these mappings.
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.
When REG to CCE mapping is time first, for CCE to PDCCH mapping, there is no time first concept anymore. When REG to CCE mapping is frequency first, the CCE to PDCCH mapping still has two choices: Frequency first, time second or time first, frequency second.
To summarize, when there are more than one control OFDM symbols, we have the following three options:
Frequency first – Both REG to CCE mapping and CCE to PDCCH mapping are frequency first
Time first – REG to CCE mapping is time first, and CCE to PDCCH mapping goes in frequency direction
Mixed – REG to CCE mapping is frequency first, but CCE to PDCCH mapping is time first
If different mappings coexist in the same control resource set (CORESET), it may cause higher level of blocking issues, as one frequency first PDCCH may block multiple time first or mixed PDCCHs.
[bookmark: p1]Proposal 1. The same REG to CCE to PDCCH mapping is used in a control resource set.
These different options have their pros and cons and are compared in Table 1.
Table 1. Comparison of different REG to CCE mapping
	
	Frequency first approach
	Time first approach
	Mixed approach

	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 of DCI on the 1st symbol 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
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As a trade-off of all the pros and cons, we have the following proposals:
[bookmark: p2]Proposal 2. For the control resource set configured to transmit group common PDCCH, use frequency first mapping.
[bookmark: p3]Proposal 3. Frequency first mapping is supported for control resource set, mixed mapping is not supported, and FFS if time first mapping is needed for some control resource sets.
3	Conclusions 
In this paper, we compared different ways to define REG to CCE and CCE to PDCCH mapping and have the following proposals.
Proposal 1. The same REG to CCE to PDCCH mapping is used in a coreset.
Proposal 2. For the control resource set configured to transmit group common PDCCH, use frequency first mapping.
Proposal 3. Frequency first mapping is supported for control resource set, mixed mapping is not supported, and FFS if time first mapping is needed for some control resource sets.
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