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1. Introduction
In RAN1 #88 meeting, the following agreements have been achieved for the mapping of REGs to a CCE:

· 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

· 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 contribution, we provide some further considerations for NR-PDCCH structure, including the mapping of REGs to CCEs and the mapping of CCEs to search space candidate.
2. Discussions
In LTE, one CCE consists of 36 usable REs derived from 9 REGs and one ECCE normally consists of 36 usable REs derived from 4 EREGs. For NR, it is not expected to have DCIs with payload sizes much larger than those in LTE. Otherwise, it may increase the blind decoding complexity and take much longer time for a UE to decode NR-PDCCH. During last meeting, it has also been agreed that resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on two-step frequency-domain assignment process, i.e., indication of a bandwidth part, followed by indication of the PRBs within the bandwidth part. As a result, at least for a UE with its working bandwidth approximate to LTE bandwidth, the DCIs can have similar payload sizes. To this date, to keep the coding rate no larger than 1 and for sake of reusing link adaption scheme in LTE, it is proposed that one NR-CCE consists of 4 REGs to achieve a similar capacity.
Proposal 1: One NR-CCE consists of 4 REGs.

During last meeting, an FFS left according to the agreements during last meeting is the time-first and/or frequency-first mapping from an NR-CCE to REGs and the mapping from a candidate to NR-CCEs. It is proposed that frequency-first mapping should be supported where one NR-CCE is mapped to a single OFDM symbol and multiple NR-CCEs are TDM’ed. This is beneficial for meeting the fast decoding requirement of NR-PDCCH.
On the other hand, when one NR-CCE is mapped to multiple OFDM symbols, e.g., 2 OFDM symbols, time-first mapping should also be supported. As shown in Figure 1, two alternative structures can be considered. Consider an example of RS pattern given in our companion contribution [1] where in frequency domain 4 subcarriers are used for 2 RS ports per RB. For structure 1, the RS patterns of each symbol are the same. This is beneficial for the quality of channel estimation. Alternatively, for structure 2, the RS in the second OFDM symbol can be omitted. The benefits come from the reducing of RS overhead so that more usable REs can be provided to achieve better performance. 
Based on the above discussions, taking into account UE blind detection complexity, the CCE-to-REG mapping should be configured semi-statically for one control resource set (CORESET) [2]. Furthermore, similar as one NR-CCE, larger NR-CCE aggregation levels can also span one or multiple OFDM symbols and those can reuse the same structures as discussed for one NR-CCE.
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Figure 1. Examples of an NR-CCE, when it is mapped to multiple OFDM symbols.
Proposal 2: Both time-first and frequency-first CCE-to-REG mapping should be supported with semi-static configuration.
Based on previous agreements, localized CCE-to-REG mapping has been agreed. However, whether distributed CCE-to-REG mapping should be supported remains as another FFS. With localized CCE-to-REG mapping, the number of collocated RS is maximized. Therefore, the accuracy of channel estimation will be improved. On the other hand, the gain of frequency diversity is lost due to localized CCE-to-REG mapping. Therefore, distributed mapping should be further considered. Particularly, when the perceived SNR is relatively high, the gain of frequency diversity will be dominated. 
Proposal 3: Both localized and distributed CCE-to-REG mapping schemes should be supported with semi-static configuration.
In the following, examples of both localized and distributed CCE-to-REG mappings are given based on Figure 2. In the figure, each rectangle represents one REG and each four REGs with the same colour form an NR-CCE. 
For a UE monitoring NR-PDCCH, the indices of NR-CCE used for blind decoding can be determined based on the index of each candidate for a given aggregation level. Take the structure provided in Figure 4 in our companion contribution [3] as example. Candidate #0 for aggregation level 2 consists of NR-CCEs numbered 0 and 1, and candidate #3 for aggregation level 1 consists of NR-CCE numbered 6. Furthermore, the NR-CCE with index k contains REGs indexed from 4k to 4k+3. Accordingly, REGs are then mapped as follows.
Consider localized CCE-to-REG mapping. In the case of time-first mapping, one NR-CCE consists of REGs on two consecutive PRBs in frequency domain and one symbol group with two OFDM symbols in time domain, as shown in Figure 2(a). In the case of frequency-first mapping, one NR-CCE consists of REGs on four consecutive PRBs in frequency domain during one symbol group with one OFDM symbol, as shown in Figure 2(b). 
On the other hand, for distributed CCE-to-REG mapping, REGs within one NR-CCE are first grouped in frequency domain with predefined/configured group size and then mapped to separated PRB groups. In the case of time-first mapping, one NR-CCE consists of REGs on two separated PRBs in frequency domain and one symbol group with two OFDM symbols in time domain, as shown in Figure 2(c). In the case of frequency-first mapping, one NR-CCE consists of REGs on two separated PRB groups in frequency domain during one symbol group with one OFDM symbol with each PRB group consisting of two consecutive PRBs, as shown in Figure 2(d).
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Figure 2. Examples of time-first vs. frequency-first, and localized vs. distributed CCE-to-REG mapping
Based on the above discussions, it is straightforward to see that distributed mapping can be implemented based on a REG group-level interleaving. Here one REG group contains REGs from X PRBs in Y OFDM symbols, where X is predefined or configured frequency-domain granularity and Y is time-domain granularity of one symbol group. Such REG group-level interleaving is convenient for multiplexing of two overlapped CORESETs with different time-domain durations. 
With the assumption of at most 2 OFDM symbols are used for NR-PDCCH, if time-first CCE-to-REG mapping is configured, there is only one symbol group. On the contrary, if frequency-first CCE-to-REG mapping is configured, although there exist two symbol groups, for enabling fast decoding the interleaving is done separately for each symbol group. To this date, the interleaving operation is done respectively for each symbol group. Equivalently, only frequency-first candidate-to-CCE mapping is supported for beneficial of fast decoding.
Additionally, when multiple OFDM symbols are used for NR-PDCCH and frequency-first CCE-to-REG is configured, a symbol-basis frequency hopping can be adopted where there is an offset between different OFDM symbols. For example, in Figure 2(d) the offset is set as 4.

Proposal 4: Frequency-first mapping of NR-CCEs to search space candidate is supported, FFS on time-first mapping of NR-CCEs to search space candidate.
From UE perspective, if a UE is capable of monitoring both localized and distributed mapping schemes, TRP can select the best mapping scheme for that UE for each configured control resource set. However, having the UE search both localized and distributed mapping schemes would significantly increase the maximum number of blind decodes a UE needs to perform. Consequently, it is better to configure a UE to monitor either localized or distributed mapping only for each configured CORESET.
Proposal 5: A UE is configured to monitor either localized or distributed CCE-to-REG mapping only for each configured CORESET.
3. Conclusions
Our proposals in this contribution are summarized as follows.

Proposal 1: One NR-CCE consists of 4 REGs.

Proposal 2: Both time-first and frequency-first CCE-to-REG mapping should be supported with semi-static configuration.
Proposal 3: Both localized and distributed CCE-to-REG mapping schemes should be supported with semi-static configuration.

Proposal 4: Frequency-first mapping of NR-CCEs to search space candidate is supported, FFS on time-first mapping of NR-CCEs to search space candidate.
Proposal 5: A UE is configured to monitor either localized or distributed CCE-to-REG mapping only for each configured CORESET.
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