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1. Introduction
The basic building blocks for the NR DL control channel were discussed at the RAN1#87 meeting. A detailed list of the agreements pertaining to the channel structure is given below: 
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

· 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)

In this contribution, we provide our views on detailed design aspects of the DL control channel structure including the control resource set and NR-CCE definition. 
2. Aspects in NR DL control channel design 
3. NR control resource set design
As shown above it was agreed that the set of PRBs contained in a control resource set may or may not be frequency contiguous. This mapping of PRBs to a control resource set allows a high degree of flexibility in how a control channel candidate is mapped to the time-frequency grid. Therefore, we believe that the working assumption listed above can be confirmed.

Proposal1: Confirm that one DCI message should be located within one control resource set.

It is obvious that the control resource set should not be larger than the UE bandwidth capability. There are two more issues for further consideration. In RAN1#86bis, it was agreed that:

· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

As agreed in the last meeting, the time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information.  It should be validated that at least one control resource set which configured by MIB/SIB or implicitly derived from initial access information has to be within the first BW.  The Xµs reception delay could be avoided with this restriction. Considering the traffic type, the communication environment and the BW capability for different UEs could be variable, the uniform size is not sufficient. For example, the supporting bandwidth of eMTC UE is much smaller than eMBB UE, control resource set with small size have to be used for eMBB UE if the same control resource size is mandatory. On the other hand, a larger control resource set may be necessary for a UE with bad channel condition in order to achieve frequency diversity gain, whereas this may be not beneficial for a UE with much better channel condition.
Proposal2: The control resource set which is obtained from MIB/SI/implicitly derived from initial access information should not exceed the first RF bandwidth. The network may configure additional control resource sets with larger bandwidths according to a UE’s capability.
It is envisioned that the control resource set may be front-loaded in a slot in order to support the important NR use cases of a reduced processing timeline and fast HARQ-ACK feedback. Since additional control resource sets are UE-specific, the gNB can flexibly configure different sets based on channel and interference conditions. Thus, our view is that the control resource set defines the PRBs where PDCCH candidates are mapped. 

Proposal3: The control resource set is the set where PDCCH candidate are mapped. 
4. NR-CCE design
In LTE system, one or several (E)CCEs are occupied by a PDCCH depending on the aggregation level. Each (E)CCE consists of several (E)REGs. Frequency domain interleaving is enabled at the REG level.  For NR it was already agreed that a PRB is the resource unit for control channel in frequency domain and it may or may not include DMRS. In this sense, a PRB is equivalent to a CCE in the LTE PDCCH design, and furthermore, it can be the basic unit for interleaving if supported for the NR-PDCCH. The NR-CCE to PRB mapping can be either localized or distributed. 

Considering the mapping between ECCE and EREG, both distributed and localized mapping can be used depending on configuration. For localized mapping, channel selective gain can be obtained and the interpolation of channel estimation results could be achieved by using all DM RS within a CCE. On the other hand, frequency diversity gain can be achieved from distributed mapping method. Therefore, both localized and distributed mapping should be supported to support diverse deployment scenarios. 
Another issue is the number of PRBs constituting one NR-CCE.  In LTE system, one CCE/ECCE consists of 36 REs, i.e. 72 bits.  One DCI could be mapped within one CCE/ECCE despite of the actual format, which is beneficial for link adaptation For NR, if a similar DCI payload size as LTE is used, a minimum of 4 PRBs in frequency should constitute one NR-CCE. The final number of PRBs would also depend on the number of DMRS antenna ports that are mapped to a PRB and should be further studied with more details on the other aspects of DL control channel.
Proposal4: Both localized and distributed mapping between PRB and NR-CCE should be supported, depending on the configuration.
5. Indication of time duration for PDCCH candidate
In the last meeting, it was agreed that when the control resource set spans multiple OFDM symbols, a control channel candidate can be mapped to multiple OFDM symbols or to a single OFDM symbol and the gNB can inform a UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. Both explicit and implicit methods could be considered:
· Explicit method: gNB informs UE the time duration of each candidate through RRC signaling. This mechanism may be not sufficient at the very initial transmission. Another way is to indicate this information depending on periodic L1 broadcasting channel. E.g. the signaling indicates the time duration of all candidates or each candidate for all the scheduled UEs in a period.
· Implicit method: The time duration can be tied to the used AL. For example, the control candidate is mapped on a single OFDM symbol for AL = 1, while two OS for AL=8. Considering that some traffic type is sensitive to the time duration of PDCCH candidate, e.g. the fast A/N traffic or self contain traffic, it is reasonable to obtain the time duration from the traffic type. That is, if the UE need feedback it’s A/N in a slot or any time critical traffic is transmitted, it knows that its PDCCH candidate could only be mapped on single OS.
Proposal5: Both explicit and implicit method could be used to indicate the time duration of PDCCH candidate.
Conclusion
This paper provides the DL control channel design considerations in the NR system design. We have the following proposals for the physical control channel for NR frame structure,
Proposal1: Confirm that one DCI message should be located within one control resource set.
Proposal2: The control resource set should not exceed the first RF bandwidth. gNB could configure control resource set with different size for each UE depending on requirement.

Proposal4: Both localized and distributed mapping between PRB and NR-CCE should be supported, depending on the configuration.
Proposal3: The control resource set is the set where PDCCH candidate are mapped. 
Proposal5: Both explicit and implicit method could be used to indicate the time duration of PDCCH candidate.
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