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1 Introduction
In RAN1 NR Adhoc in January [2], we reached some agreements on PDCCH structures. 

This contribution discusses remaining issues regarding NR PDCCH design aspects.
2 Discussions on NR PDCCH design aspects
Size of NR-CCE
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 but all other issues are open now. Since we do not have clear views on the DCI size, it is a bit premature to decide the NR-CCE size now. However, without NR-CCE size, the following discussions on PDCCH may not converge easily. Therefore, it is proposed that we agree on 4 REGs as a NR-CCE size as a working assumption and we can confirm or revisit if the DCI size is determined. The main motivation for 4 REGs size is that available RE numbers are similar to the 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 for now. It has to be confirmed once the number of DCI bits is decided
· A NR-CCE is defined as the size of 4 REGs
· Aggregation levels are 1, 2, 4, 8 at least for eMBB
REG to NR-CCE mapping
If a configured control resource set consists of multiple OFDM symbols, then there can be two different REG to NR-CCE mapping algorithm; time first mapping and frequency first mapping as shown in Figure 1. The time first mapping is easier to implement inter-cell interference coordination schemes in the frequency domain and DMRS overhead can be reduced by transmitting DMRS only in the first symbols as discussed in our companion contribution [2]. 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, each scheme has its own benefits and those benefits can be useful for different scenarios. Therefore, rather than selecting one out of two, it is supported that both REG to NR-CCE mapping algorithms and which option is used is configured by higher layer per control resource set.
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Figure 1. REG to CCE mapping (1 CCE = 4 REGs)


Proposal 2: NR supports both time first mapping and frequency first mapping for REB to NR-CCE mapping and which option is used is configured by higher layer per control resource set
Control resource set configuration
In RAN1#87, it was agreed that the time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information [1].  And it was also agreed that group common PDCCH is supported in RAN1 NR Adhoc [2]. From those agreements, it is straightforwardly supported that the group common PDCCH is transmitted using the common search space defined in the common resource set. For the configuration of the common control resource set, implicit derivation from initial access information does not represent a flexible and forward-compatible design. We thus propose that the common control resource set is either configured by MIB/SIB.

Proposal 3: NR supports at least one common control resource set configured by MIB/SIB
In addition to common search space defined in common control resource set, UE-specific search space should be defined for each UE. We propose that there are up to two UE-specific search space configured at the same time like LTE EPDCCH at least for single beam operation, e.g., for below 6GHz band and corresponding control resource sets should be configured for the UE accordingly assuming 1 search space per 1 control resource sets. Configuring two control resource sets enables a UE to support both localized NR PDCCH for frequency scheduling and distributed NR PDCCH for fall back operation. And UE specific control resource sets should be configured by RRC signalling. Search space with multi-beam operation for above 6GHz band may need more study based on MIMO discussions.
Proposal 4: NR supports up to two UE-specific control resource sets configured by RRC from a UE perspective at least for single-beam operation
As discussed above, multiple control resource set can be configured from a UE perspective. From the system perspective, there are more control resource sets possible and it may be desirable that multiple control resource sets can overlap. If control resource sets overlap, PDCCH load sharing can be possible between multiple sets. And regardless of whether the real system allows the overlap or not, there is no reason to have the restriction in the specifications that two different control resource sets should not overlap each other. 
Proposal 5: NR supports that control resource sets can overlap

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 for now. It has to be confirmed once the number of DCI bits is decided
· A NR-CCE is defined as the size of 4 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 REB to NR-CCE mapping and which option is used is configured by higher layer per control resource set
Proposal 3: NR supports at least one common control resource set configured by MIB/SIB
Proposal 4: NR supports up to two UE-specific control resource sets configured by RRC from a UE perspective at least for single-beam operation
Proposal 5: NR supports that control resource sets can overlap
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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.


For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).


At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot





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





Agreements:


A control resource set is defined as a set of REGs under a given numerology


Control search space includes at least the following properties


Aggregation level(s)


Number of decoding candidates for each aggregation level


The set of CCEs for each decoding candidate


FFS: if any of the following properties belong to control resource set or control search space


Transmission/diversity scheme


CCE to REG mapping


RS structure


PRB bundling size


FFS: if the control resource sets can overlap or not


FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many 
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