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Introduction
[bookmark: _Ref129681832]In the RAN1, the following agreements for new radio (NR) related to PDCCH-to-CCE mapping were achieved [1][2][3]:
· 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. 
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
The contribution mainly discusses PDCCH-to-CCE mapping. CCE-to-REG mapping is discussed in our companion contribution [4].
Discussion
In LTE, CCEs (or ECCEs) available in a subframe (or within an EPDCCH set) are numbered from 0 to NCCE-1 (or NECCE-1) only in logic domain. A PDCCH (or EPDCCH) consisting of L consecutive CCEs (or ECCEs) may only start on a CCE (or ECCE) fulfilling i mod L = 0, where i is the CCE (or ECCE) number. In NR, it has been agreed in NR Ad-Hoc meeting that each candidate of NR DL control channel search space is composed by K NR-CCEs, e.g K=1, 2, 4 or 8.  Similar rule for LTE should be reused for NR-PDCCH to CCE mapping unless significant benefits are identified with other mechanisms.   
Proposal 1: A NR-PDCCH consists of one or several consecutive logical CCEs. 
Mapping of NR-PDCCH to CCE(s) without interleaving 
As mentioned in [4], for localized NR-PDCCH transmission, the bundling size is 6 REGs. Accordingly, REG bundle pattern can be either only in frequency domain or in both frequency domain and time domain. When the duration of a CORESET occupies one OFDM symbol, the REG bundle pattern is defined only in frequency domain, an example of the mapping of NR-PDCCH to CCE(s) is shown in Fig. 1. In Fig. 1, one OFDM symbols are configured for one CORESET, where the CORESET contains one OFDM symbol and 24 REGs. Given a REG bundle pattern as shown in Fig. 1, which is constructed by 6 REGs consecutively in frequency domain (i.e. occupies 6 consecutive RBs in frequency domain and 1 OFDM in time domain). And as shown in Fig.1, PDCCH1 corresponds {CCE2, CCE3}. 
[image: ]  
Fig. 1 An example of mapping of CCEs to a PDCCH with REG bundle pattern only in frequency domain, where a CORESET contains one OFDM symbol and 24 REGs.
Moreover, when the size of REG bundle pattern in time domain for localized mapping of REGs to a CCE is equal to the number of OFDM symbols of a CORESET, only frequency-first mapping of PDCCH-to-CCE is achieved. An example is shown in Fig. 2, where the REG bundle pattern occupies 3 consecutive RBs in frequency domain and 2 consecutive OFDMs in time domain, and PDCCH1 corresponds {CCE2, CCE3} and PDCCH2 corresponds to {CCE4, CCE5, CCE6, CCE7}. In Fig. 2 (right for frequency-first mapping of REGs to a CCE, left for time-first mapping of REGs to a CCE), {CCE2, CCE3} and {CCE4,CCE5,CCE6,CCE7} are always contiguously mapped in frequency-first way, no matter frequency-first and time-first mapping of REGs to CCE is employed. 
[image: ] 
Fig. 2 An example of mapping of CCEs to a PDCCH with REG bundle pattern in both frequency and time domain for localized mapping of REGs to a CCE, where a CORESET contains two OFDM symbols and 48 REGs.
Mapping of NR-PDCCH to CCE(s) with interleaving
For interleaving case, a CCE is mapped to one or multiple REG bundles with interleaved REG bundle indices within a CORESET as mentioned in [4]. As an example, the interleaver is assumed as a TBCC subblock interleaver to achieve distributed NR-PDCCH transmission as shown in Fig. 3. 
[image: ]
Fig. 3 An example of REGs to a CCE with interleaved bundle indices as shown in [4]. 
The mappings of PDCCH to CCE(s) with a given REG bundle pattern are shown in Fig. 4. In Fig.4, frequency first PDCCH-to-CCE mapping is used. Furthermore, in Fig.4, a PDCCH in frequency domain is non-contiguously, when distributed mapping of REGs to a CCE is employed. 
[image: ] 
Fig. 4 An example of mapping of CCEs to a PDCCH with REG bundle pattern in both frequency and time domain for distributed mapping of REGs to a CCE, where a CORESET contains two OFDM symbols and 48 REGs.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution mainly discusses PDCCH-to-CCE mapping. Based on the discussion, we have the following proposal:
Proposal 1: A NR-PDCCH consists of one or several consecutive logical CCEs. 
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