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1. Introduction
At the RAN1 January AH NR meeting, how to construct one NR-PDCCH was discussed and the following agreements were achieved [1]:
	Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.

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 contribution, we continue to discuss the remaining issues of NR-PDCCH construction. We mainly focus our discussion on REG-to-CCE mapping. Several REG-to CCE mapping options will be evaluated and discussed. Based on the evaluation results and analysis, our views will be shared. 

2. REG-to-CCE mapping
2.1. Distributed mapping
In the following, application of 2-antenna-based random precoding/BF is assumed [2].
Here, control resource set spanning within one OFDM symbol is considered for simplicity. Regarding CCE distribution within the control resource set, we consider that both distributed and localized mapping should be enabled. In this sub-section, we focus on distributed mapping of CCEs forming a NR-PDCCH within the given control resource set.
For distributed mapping, it is preferable to distribute REGs forming a NR-PDCCH over frequency as much as possible, so that higher frequency-diversity gain is achievable. On the other hand, since one REG is composed of only 12 subcarriers, REG-level distribution over frequency may not be optimal from the perspective of channel estimation accuracy. Enabling channel estimation using RS REs over multiple REGs would be beneficial. We conducted link-level simulation to investigate the performance differences among different granularities for REG-to-CCE mapping. Control resource set having 100 RBs (REGs) over frequency and one OFDM symbol over time with 15kHz subcarrier-spacing is assumed. Each NR-CCE is assumed to be formed by 6 REGs, where each of REGs has 3 RS REs per antenna port, resulting in 36 REs per NR-CCE, which is the same number as in LTE. For one DCI, the payload of 48 bits (+ CRC 16 bits) is assumed. Following three options are considered. Other detailed simulation settings are provided in table I.
Option 1: REGs are mapped in distributed manner over the control resource set.
Option 2: 3 REGs are grouped, and REG groups are mapped in distributed manner over the control resource set.
· Each REG group has 3 consecutive REGs, and the REG groups are distributed.
· Within the REG group, same precoding/BF is applied. UE can filter/average channel estimated within the REG group.
Option 3: 6 REGs are grouped, and REG groups are mapped in distributed manner over the control resource set.
· Each REG group has 6 consecutive REGs, and the REG groups are distributed.
· Within the REG group, same precoding/BF is applied. UE can filter/average channel estimated within the REG group.
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(b) Option 2
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(c) Option 3
Fig. 1	Distributed mapping with different REG grouping sizes.

Table I	Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	CDL

	Bandwidth of control resource set
	20MHz

	Subcarrier spacing
	15kHz

	CP overhead
	6.6%

	UE speed
	3km/h

	Antenna configuration
	2-by-2

	DCI payload
	48 bits + CRC 16 bits

	Channel estimation
	Practical channel estimation

	Encoding scheme
	Tail biting convolutional coding



Figure 2 presents BLER performance of NR-PDCCH under distributed mapping with AL=1, 2, 4, and 8, respectively, with the REG-to-CCE mapping described in Fig.1. For lower aggregation level (i.e., AL=1), different order of frequency-diversity gain among three options are observed, which results in different BLER curve tendencies. However, different channel estimation accuracy due to REG groupings offers different BLER offsets especially at lower SNR region. As the consequence of trade-off between frequency-diversity gain and channel estimation accuracy, option 1 achieves BLER=1% with the lowest SNR value among the three options. In case of AL=2, two NR-CCEs foming the NR-PDCCH are anyway distributed over the control resource set. Therefore, unlile the case of AL=1, option 2 offers the best performance. For AL=4 and 8, multiple CCEs can achieve sufficient frequency-diversity gain and hence, having larger size of REG group offers better performance. However, it can also be seen that REG grouping size of 3 (i.e., option 2) saturates the performance improvement.
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Fig. 2	BLER performance of distributed mapping with REG group size being parameter.

As is seen in the above simulation results, optimal number of REGs per REG group for channel estimation is different for different aggregation level. One possibility is to adopt different REG grouping size for different aggregation level. However, in this case, channel estimation results for one blind decoding candidate of one aggregation level cannot be reused for the other blind decoding candidate for different aggregation level. Therefore, it is preferable to apply a common REG group size for all the aggregation levels. Considering that the PDCCH with distributed mapping is used mainly for group-common DCI, etc, the size of REG group can be optimized for higher aggregation level, e.g., AL >= 4. From the evaluation results, group size of 3 REGs could be a good number if 6 REGs form one NR-CCE.
Proposal 1:
· NR-PDCCH of distributed mapping is supported.
· NR-CCEs forming one PDCCH candidate is distributed over the control resource set.
· REGs are grouped to form a REG group. REG groups are distributed over the control resource set.
· Within each REG group, REGs are consecutive.
· Among REGs in a REG group, channel estimation should be able to be filtered/averaged.
· Possible number of REGs per REG group could be 3 if 6 REGs form one NR-CCE.

2.2. Localized mapping
For localized mapping, all the REGs forming a CCE should be consecutive or should be confined within a limited frequency range. Similar to the EPDCCH, CSI-based precoding/BF can be utilized for localized mapping, such that the precoding/BF for each subband can be optimal for the given UE. It is preferable to enable each REG to own the flexibility to choose the most suitable precoder/BF. However, from the perspective of channel estimation performance, it may not be optimal. Therefore, like the distributed mapping, we consider multiple consecutive REGs can be grouped and use the same precoder/BF over the REG group so as to perform channel estimation across the REGs belonging to one REG group. Similar to the distributed mapping, we investigate the following 3 options by link level evaluation, where all REGs forming a NR-PDCCH is assumed to be consecutive in frequency-domain (as option 3 in Fig. 1).
Option 1: One REG group contains 1 REG and each REG can choose precoder/BF independently.
· The precoder/BF for each REG is selected based on the corresponding CSI. UE filter/average channel estimated within each REG
Option 2: One REG group contains 3 REGs and same precoder/BF are applied over the 3 REGs within each REG group
· The precoder/BF f is selected based on the overall CSI of the 3 REGs. UE can filter/average channel estimated within the REG group.
Option 3: One REG group contains 6 REGs and same precoder/BF are applied over the 6 REGs within each REG group
· The precoder/BF is selected based on the overall CSI of the 6 REGs. UE can filter/average channel estimated within the REG group.
Figure 3 presents BLER performance of NR-PDCCH with localized mapping for AL=1,2,4 and 8 respectively. As seen in the evaluation results, Option 2 and Option 3 show better performance than Option 1 for all aggregation levels since the channel estimation performance improvement dominates. Therefore, we propose to apply REG grouping for precoding/BF and channel estimation, also for localized mapping. 
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Fig. 3	BLER performance of localized mapping with REG group size being parameter.

Proposal 2:
· NR-PDCCH of localized mapping is supported.
· NR-CCEs forming one PDCCH candidate are consecutive over the control resource set.
· REGs are grouped to form a REG group. REG groups are consecutive or are confined within a limited frequency range.
· Within each REG group, REGs are consecutive.
· Among REGs in a REG group, channel estimation should be able to be filtered/averaged.
· Possible number of REGs per REG group could be 3 or 6 if 6 REGs form one NR-CCE.

3. Conclusion
In this contribution, we discussed possible REG-to CCE mapping options. Link level simulation was carried out to compare the performance of these options. Based on the evaluation results and discussion, our views are summarized as below. 
Proposal 1:
· NR-PDCCH of distributed mapping is supported.
· NR-CCEs forming one PDCCH candidate is distributed over the control resource set.
· REGs are grouped to form a REG group. REG groups are distributed over the control resource set.
· Within each REG group, REGs are consecutive.
· Among REGs in a REG group, channel estimation should be able to be filtered/averaged.
· Possible number of REGs per REG group could be 3 if 6 REGs form one NR-CCE.
Proposal 2:
· NR-PDCCH of localized mapping is supported.
· NR-CCEs forming one PDCCH candidate are consecutive over the control resource set.
· REGs are grouped to form a REG group. REG groups are consecutive or are confined within a limited frequency range.
· Within each REG group, REGs are consecutive.
· Among REGs in a REG group, channel estimation should be able to be filtered/averaged.
· Possible number of REGs per REG group could be 3 or 6 if 6 REGs form one NR-CCE.
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