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1 Introduction
In previous RAN1 meetings,, we reached some agreements on NR PDCCH structures. 

This contribution discusses remaining issues regarding NR PDCCH design aspects.
2 Discussions on NR PDCCH design aspects
Size of NR-CCE and aggregation level
The size of REG was agreed to be 1 PRB in frequency domain and 1 OFDM symbol in time domain. It was also agreed that a NR-CCE is defined in fixed number of REGs and at least one UE-specific DCI can be transmitted within one CCE. Since we do not have clear views on the DCI size, it is a bit premature to decide the NR-CCE size now. However, according to the discussions on DL control so far, it is likely that there are additional information in DCI, e.g., K1, K2, K3 values, on top of DCI fields defined for LTE. Therefore, it is proposed that we agree on 6 REGs as a NR-CCE size as a working assumption. The main motivation for 6 REGs size is that available RE numbers are a bit larger than LTE-CCE or LTE-ECCE sizes. And also for the aggregation levels, we may assume the same values as LTE, e.g., 1, 2, 4, and 8 at least for eMBB, which should be confirmed after DCI size is determined.
Proposal 1: Agree on the following as a working assumption 
· A NR-CCE is defined as the size of 6 REGs
· Aggregation levels are 1, 2, 4, 8 at least for eMBB
REG to NR-CCE mapping & NR-CCE to search space candidate mapping
In RAN1 #88, all possible options were listed up for the mapping for REG to NR-CCE and for NR-CCE to search space candidate:
· Option 1: Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 

· Option 2: Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Option 3: Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate

· Option 4: Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate

It was already agreed that both time-first and frequency first mapping for control channel candidate should be considered. Both for the REG to NR-CCE mapping and NR-CCE to search space candidate mapping, the time first mapping is beneficial for the implementation of inter-cell interference coordination schemes in the frequency domain and DMRS overhead can be reduced by transmitting DMRS only in the first symbol(s) as discussed in our companion contribution [3]. On the other hand, the frequency first mapping can maximize the frequency diversity gain if the control resource set size is sufficiently large in frequency domain and it is possible to reduce the latency by locating PDCCHs in the first symbols if it is for low latency data. As stated, it is desirable to support to both time first and frequency first mappings considering their own benefits and let NW configure it depending on service and NW topology. 
Next issue is how to combine REG to NR-CCE mapping and for NR-CCE to search space candidate mapping together. If we take frequency first mapping for REG to NR-CCE mapping in pursuit of reduced latency, it makes little sense to have time first mapping for NR-CCE to search space candidate mapping, which will lead to additional delay. So we may choose option 1 for latency benefits. If we take time first mapping for REG to NR-CCE mapping, we need to think the size of control resource set in time domain. It was already agreed that “DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot” and the motivation of the agreement was to reduce the latency of the PDCCH reception by positioning beginning part of a slot/mini-slot. From that perspective, the control resource set size in time domain would not be so large. Then if the time first mapping for REG to NR-CCE is used, additional time first mapping of CCEs to search space candidate may not be required. Instead, we can use sufficient number of CCEs in frequency domain and frequency first mapping of CCEs to search space candidate should be enough. 
In summary, it is proposed to support both time first mapping and frequency first mapping of REG to NR CCE and just frequency mapping of NR CCE to search space candidate is supported (option 1 and option 4), which can also help to minimize specification and implementation effort. Which mapping is used for REG to NR-CCE mapping is configured by higher layer per control resource set. 
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Figure 1. REG to CCE mapping (1 CCE = 6 REGs)


Proposal 2: 
· NR supports both time first mapping and frequency first mapping for REG to NR-CCE mapping and which mapping is used is configured by higher layer per control resource set
· NR supports frequency first mapping of CCE to search space candidate.

Distributed mapping vs localized mapping for frequency first mapping
It was agreed that NR-PDCCH can be mapped contiguously or non-contiguously in frequency domain and there were two possible options on the table [2]:

· 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

In order to provide sufficient frequency diversity, it is desirable to scatter the control information over the frequency region inside a CORESET. From that perspective, the option 1 has performance benefits over option 2. Furthermore, option 2 may not support distributed transmission if the aggregation level is one. Once the frequency mapping of REG to CCE is supported, we may have additional frequency diversity gain for low aggregation levels with distributed mapping of REGs to a CCE.
However, REG level distribution may not be the best choice since the channel estimation loss will be increased compared to the potential frequency diversity gain. The desirable size of the resource unit for distributed transmissions should be chosen considering both frequency diversity gain and channel estimation performance. 3 REGs could be a potential size for REG group for distributed transmissions assuming that 1 CCE is composed of 6 REGs.
Proposal 3: Both localized and distributed mappings are supported on REG to a CCE. Distributed mapping should be realized on REG group level (e.g., 3 REGs) for better channel estimation performance.
3 Conclusion

In this contribution, we provided our views on open issues regarding NR PDCCH and the following proposals are made: 

Proposal 1: Agree on the following as a working assumption 
· A NR-CCE is defined as the size of 6 REGs

· Aggregation levels are 1, 2, 4, 8 at least for eMBB
Proposal 2: 
· NR supports both time first mapping and frequency first mapping for REG to NR-CCE mapping and which option is used is configured by higher layer per control resource set

· NR supports frequency first mapping of NR-CCE to search space candidate.

Proposal 3: Both localized and distributed mappings are supported on REG to a CCE. Distributed mapping should be realized on REG group level (e.g., 3 REGs) for better channel estimation performance.
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Agreements in RAN1 #87:


when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol


The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)





Agreements in NR Adhoc:


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





Agreements in RAN1 #88:


At least QPSK is supported for the modulation of the PDCCH


For the purpose of determining CCE size, at least one UE-specific DCI can be transmitted within one CCE (with QPSK and code rates not close to 1)


An initial estimate of the number of REGs per CCE where a REG is one PRB in one OFDM symbol if DCI sizes are similar to LTE assuming QPSK: Suitable values could range from 4 to 8 REGs. 


A more precise value needs more decisions on the information carried by the DCI





Agreements in RAN1 #88:


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 in RAN1 #88:


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)
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