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Introduction
In RAN1 Meeting #88 [1], there were agreements about the localized and distributed NR-PDCCH design, and the mapping of REGs to CCEs and CCEs to PDCCH candidates:
 
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 this document, we discuss our views related to design of localized and distributed NR-PDCCH. 
Localized and distributed NR-PDCCH and Hybrid CCEs  
Based on the recent agreements, each CCE consists of a fixed number of REGs (e.g. 4-8), as shown in Figure 1. The REGs of a CCE can be locally allocated (i.e. be adjacent in time or frequency), or be distributed. In addition, REGs of a CCE can be on the same OFDM symbol or on different OFDM symbols. The mapping of REGs to CCEs can also be a hybrid of localized and distributed (i.e, localized in time and distributed in freuqnecy). Each PDCCH candidate consists of one or more CCEs. There can be different methods for mapping REGs to CCEs, and mapping of CCEs to PDCCH candidates. Table 1 summarizes different options of REG-to-CCE and CCE-to PDCCH candidate mappings.

	
	Time-first REGs to CCEs,
Time-first CCEs to PDCCH
	Time-first REGs to CCEs,
Frequency-first CCEs to PDCCH
	Frequency-first REGs to CCEs,
Time-first CCEs to PDCCH
	Frequency-first REGs to CCEs,
Frequency-first CCEs to PDCCH

	Localized and distributed REG-to-CCE mapping (Option 1)
	Essentially not possible (all the available symbols in the control region will be filled after assigning REGs to CCEs)
	Adjacent REGs in time are assigned to a CCE for both localized and distributed candidates, but for distributed case, REGs of a CCE are not adjacent in frequency. 
	RS aggregation among REGs in time is not possible within a CCE but is possible through CCE aggregation.
	RS aggregation is not possible in time domain. But beam switching among UEs is possible.

	Only localized mapping of REG-to-CCE (Option 2)
	Essentially not possible
	REGs of a CCE are adjacent in both time and frequency. REG pairs mapping to CCE is localized in frequency 
	Adjacent CCEs in time belong to the same candidate so distributed CCEs to PDCCH mapping is not feasible for low aggregation levels.
	RS aggregation is not possible in time domain. But beam switching among UEs is possible.


Table 1. Different options for REG-to-CCE and CCE-to-candidate mappings

Frequency-first REG to CCE, Frequency-first CCE to PDCCH candidate mappings
In this method, REGs on the same corresponding symbol of different PRBs are mapped to one CCE, and one or more CCEs on the same corresponding symbols (e.g. all on the first symbols of slots, or all on the second symbols of slots) are grouped to form a PDCCH candidate. In this method, RS aggregation in time is not possible, but on the other hand, beam switching is possible. One example is shown in Figure 1, where REGs of bothe CCEs of a PDCCH are on the first OFDM symbol of the time slot.
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Figure 1. Example of a PDCCH with two CCEs (with frequency-first REG to CCE, frequency-first CCE to PDCCH candidate mapping) 
Frequency-first REG to CCE, Time-first CCE to PDCCH candidate mappings
In this case, REGs on the same OFDM symbol (and on different PRBs) are mapped to a CCE (see Figure 2). In this method RS aggregation (to improve the quality of channel estimation) is done together with CCE aggregation.
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Figure 2. Example of Frequency-first REG to CCE, Time-first CCE to PDCCH candidate mapping for aggregation level of 4.
Time-first REG to CCE, Frequency-first CCE to PDCCH candidate mappings
In this case, adjacent REGs in time are assigned to a CCE for both localized and distributed PDCCH candidates. For distributed PDCCH candidates, we can have distributed mapping of CCEs to the PDCCH candidate with either localized REG-to-CCE mapping or a hybrid REG-to-CCE mapping (localized in time and distributed in frequency).
REG-to-CCE mapping based on REG pairs and hybrid localized-distributed mappings
In this method (see Figure 3) in order to lower the RS overhead, each CCE is divided to REG pairs that are adjacent in time. Therefore, channel estimation for each REG pair is done together to improve the quality of channel estimation. REG pairs adjacent in time can be mixture of REGs with and without RS or can have different density of RS. The position of REGs with RS (or DMRS) or without RS (or DMRS) can be implicitly determined by the UE. For example, we can have RS on the first REG of an REG pair if the PRB number is odd and RS on the second REG of an REG pair if the PRB number is even. This can be applied to both localized and distributed PDCCH candidates. Figure 4 shows an example of this RS arrangement.
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Figure 3. An example of Time-first REG to CCE mapping for the two cases of localized and hybrid CCEs. In this example, each CCE consists of two REG pairs where each REG pair is adjacent in time. 
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Figure 4. An example RS arrangement that can be dependent on PRB number.
In conclusion, we believe in order to strike a balance between RS overhead and channel estimation quality, REG pairs that are adjacent in time should be considered for both localized and distributed PDCCH.
Proposal 1: NR should consider time first mapping of REGs to CCEs
Proposal 2: NR should consider both localized and distributed mapping of time-adjacent REG pairs to CCEs    

Summary
This contribution discussed the design of localized and distributed NR-PDCCH candidates. We made the following proposals:
Proposal 1: NR should consider time first mapping of REGs to CCEs
Proposal 2: NR should consider both localized and distributed mapping of time-adjacent REG pairs to CCEs    

References
[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]RAN1 meeting #88 Chairman’s Notes


	5/5	
image1.png
CCE1={1,2,3,4} CCE2={5,6,7,8}

Frequency

REG 24

REG 23

REG 22

REG 21

REG 20

REG 19

REG 18

REG 17

REG 16

REG 15

REG 14

REG 13

Time




image2.png
CCE1={56,7,8}  CCE2={17,18,19,20}
CCE3={9, 10,11,12} CCE4={21,22,23,24}

Frequency

PRB -

Time




image3.png
Localized and hybrid REG-to CCE mapping using REG pairs:
CCE1={1,13,5,17}, CCE2={7,19,8,20}
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A localized PDCCH consisting of CCE1 and CCE2:
CCE1={5,17,6,18}, CCE2={7,19,8,20}
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