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1. Introduction
At the RAN1#88 meeting, how to construct one NR-PDCCH was discussed and the following agreements were achieved [1]:
	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 contribution, we continue to discuss the remaining issues of NR-PDCCH construction in terms of CCE-to-REG mapping, NR-PDCCH candidate-to-CCE mapping and RS pattern. 
2. Discussion
2.1. Size of NR-PDCCH and NR-CCE
For LTE, a PDCCH is formed by one or multiple CCEs where each CCE consists of 9 REGs with 4 REs included in each REG. Different number of aggregated CCE(s) (aggregation level of 1,2,4 and 8) can be used for a PDCCH transmission depending on the DCI payload size and channel condition. For NR, one REG is defined as one PRB within one OFDM symbol. We recommend that one NR CCE is formed by 6 REGs considering a trade-off between performance of NR-PDCCH with lower ALs and overhead of that with higher ALs; 6 REGs offers reasonable coding rate for NR-PDCCH with AL=1 assuming DCI payload of 60 + 16 bits, and enables to map NR-PDCCH with AL=8 in one OFDM symbol if the bandwidth of the control resource set is 50 RBs. Similarly, to facilitate the link adaptation, multiple aggregation levels should be supported in NR. For eMBB traffic, the existing aggregation level of 1 CCE,2 CCEs,4 CCEs and 8 CCEs can be the starting point. For the uRLLC traffic, to satisfy higher requirement in the reliability, higher aggregation levels can be considered. 
Proposal 1:
· NR-PDCCH is formed by K CCEs and one CCE contains [6] REGs
· For eMBB, K could be 1,2,4 or 8
· For uRLLC, higher values can be set for K. FFS the exact values 
2.2. Resource mapping 
2.2.1. CCE-to-REG mapping
Frequency-first mapping and time first-mapping are two candidates for the REG-to-CCE mapping. From our perspective, we prefer to support the frequency-first mapping only. Potential benefits of time-first mapping could be power boosting and beam cycling in time domain for a given CCE. However, as long as time-first mapping for NR-PDCCH candidate-to-CCE mapping is supported, these benefits are achievable for AL>1. We consider to support the time-first mapping in the level of PDCCH candidate-to-CCE mapping. 

Proposal 2:
· Only frequency-first mapping is supported for CCE-to-REG mapping 
· For one CCE, less motivation is found to support power-boost and/or beam-cycling.

To exploit the frequency selective scheduling gain and beamforming gain, it is natural to support one CCE formed by contiguous REGs. As for harvesting the frequency diversity gain, the following 3 options are possible. 

Option 1: Each CCE of one NR-PDCCH is formed by discontinuous REGs
· Large diversity order can be obtained and full diversity gain can be achieved in this option. On the other hand, assuming that RS for demodulation is mapped within the given REGs, channel estimation can only be averaged/filtered within one REG. Considering that the available number of REs for RS in a REG is limited to 3 or 4, channel estimation accuracy is not enough especially for higher AL since the operating SNR is low.
Option 2: Each CCE of one NR-PDCCH is formed by contiguous REGs and NR-PDCCH is formed by distributed CCE
· In this option, good channel estimation performance is expected by allowing averaging/filtering channel estimates across REGs within one CCE. However, frequency diversity gain would be degraded due to restricted frequency diversity order. In addition, for aggregation level of 1 CCE, there is even no frequency diversity gain. 
Option 3: Each CCE of one NR-PDCCH is formed by discontinuous REG group and one REG group is formed by contiguous REGs 
· In this option, channel estimates can be averaged/filtered over REGs within one REG group. REGs forming one CCE are split into e.g., 2 REG groups and the REG groups are distributed over the control resource set in the given symbol to obtain the frequency diversity gain. Certain balance between frequency diversity gain and channel estimation performance can be achieved. 

Link level evaluation is carried out to compare the three options. In the evaluation, 6 REGs form one CCE and precoder-cycling per REG, REG group, and CCE, are used for the 3 options, respectively. And the REG grouping size can be regarded as 1 REG, 6 REGs and 3 REGs for the 3 options, respectively. For simplicity, 1 OFDM symbol is configured for the control channel. The other evaluation parameters are summarized in the table in the Annex section. 
Figure. 1 shows the evaluation results for the three options. For low aggregation levels i.e., aggregation level 1 and aggregation level 2, REG group level distribution (Opt.3) achieve better performance than REG-level distribution (Opt.1) and CCE-level distribution (Opt.2) due to balance between the frequency diversity and channel estimation. For high aggregation levels e.g., aggregation level 4 and aggregation level 8, REG group-level distribution and CCE-level distribution outperform the REG-level distribution. Since for high aggregation levels, similar diversity gain can be achieved among 3 options, while better channel estimation can be achieved in REG group-level and CCE-level distribution. Generally, it can be observed REG group-level distribution can work well in all cases. 
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Figure 1 Performance comparison among 3 options


Proposal 3:
· Following CCE-to-REG mapping types are supported.
· CCE-to-REG mapping type 1: REGs forming a CCE are localized in a given OFDM symbol.
· CCE-to-REG mapping type 2: REGs groups forming a CCE are distributed over the given OFDM symbol.

2.2.2. PDCCH candidate-to-CCE mapping 
If a configured control resource set consists of multiple OFDM symbols, there are two possible PDCCH candidate-to CCE-mapping schemes i.e., frequency-first mapping and time-first mapping. Different combination between CCE-to-REG mapping and PDCCH candidate-to-CCE mapping is shown in Figure.2. 
For UE blind detection, frequency-first mapping will allow symbol by symbol processing and facilitate pipeline operation. In addition, frequency-first mapping could enable one PDCCH candidate to span across wider frequency bandwidth so as to exploit higher frequency diversity gain. From the coverage improvement perspective, time-first mapping is a good choice considering the possibility of power boosting. If beam cycling over the multiple OFDM symbols (i.e., beam-cycling based on analog-BF) is supported, beam cycling for one NR-PDCCH candidate in time-domain is also possible for this case. Considering different use cases, both time-first mapping and frequency-first mapping should could be supported. Depending on the use case or network preference, gNB should be able to choose which mapping type is applied for a certain control resource set. 
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Figure 2 Combinations of CCE-to-REG mapping type and PDCCH candidate-to-CCE mapping type

Proposal 4:
·  Following PDCCH candidate-to-CCE mapping types are supported.
· PDCCH candidate-to-CCE mapping type 1: CCEs forming a candidate are mapped frequency-first.
· PDCCH candidate-to-CCE mapping type 2: CCEs forming a candidate are mapped time-first.

2.3. DM-RS pattern 
When one NR-PDCCH spans over multiple OFDM symbols, e.g., 2 OFDM symbols as shown in Figure 3, 2 alternative DM-RS mapping structures can be considered. For structure 1, the DM-RS is only located in the first OFDM symbol. The DM-RS in the second or third OFDM symbol are omitted, then whole REG can be used for the DCI transmission. The benefits come from the following two aspects. One is to reduce the overhead of DM-RS. The other is to allow early channel estimation. But on the other hand, channel estimation performance would be degraded to some extent due to lack of DM-RS in the second or third OFDM symbols and the rate-matching would be different between REGs in the first symbol and the other symbols. For structure 2, the DM-RS is mapped to each REG in different OFDM symbols. This structure could unify the rate-matching procedure and guarantee the channel estimation at the cost of larger DM-RS overhead. Besides, the structure 2 enables beam-cycling for a given NR-PDCCH over time, which is suitable for analog-BF system. 
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Figure 3 RS mapping types assuming two combinations of CCE-to-REG type and PDCCH candidate-to-CCE type (striped block denotes REG having RS).

Proposal 5:
· At least RS mapping type 2 is supported 
· RS mapping type 1: RS is mapped on the first REG of the PRB forming a NR-PDCCH.
· RS mapping type 2: RS is mapped on all the REGs.

3. Conclusion
In this contribution, we discussed NR-PDCCH structure related aspects including the CCE-to-REG mapping, PDCCH candidate-to-CCE mapping and the RS design. Based on the discussion, our views are summarized as below. 

Proposal 1:
· NR-PDCCH is formed by K CCEs and one CCE contains [6] REGs
· For eMBB, K could be 1,2,4 or 8
· [bookmark: _GoBack]For uRLLC, higher values can be set for K. FFS the exact values 

Proposal 2:
· Only frequency-first mapping is supported for CCE-to-REG mapping 
· For one CCE, less motivation is found to support power-boost and/or beam-cycling.

Proposal 3:
· Following CCE-to-REG mapping types are supported.
· CCE-to-REG mapping type 1: REGs forming a CCE are localized in a given OFDM symbol.
· CCE-to-REG mapping type 2: REGs group forming a CCE are distributed over the given OFDM symbol.

Proposal 4:
·  Following PDCCH candidate-to-CCE mapping types are supported.
· PDCCH candidate-to-CCE mapping type 1: CCEs forming a candidate are mapped frequency-first.
· PDCCH candidate-to-CCE mapping type 2: CCEs forming a candidate are mapped time-first.

Proposal 5:
· At least  RS mapping type 2 is supported 
· RS mapping type 1: RS is mapped on the first REG of the PRB forming a NR-PDCCH.
· RS mapping type 2: RS is mapped on all the REGs.
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Parameter Value

Carrier frequency 4GHz

Channel model TDL-A

System bandwidth 20M Hz

Subcarrier spacing 15k Hz

CP overhead 6.6%

UE speed 3km/h

Antenna configuration 2-by-2

DCI  60+16

Channel coding TBCC

Receiver Channelestimation-based

Channel estimation MMSE

Waveform CP-OFDM

Phase-noise Not modelled
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