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Introduction
The NR Study Item was completed and closed in RAN plenary meeting#75 where the TR 38.802 was approved and is available in [1]. The NR Work Item was also approved in [2] where the WI targets meeting both eMBB and URLLC related 5G requirements in Rel-15. The design of DL control channel is an essential part of the WI.

The following was agreed at RAN1#88 [3]
Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.
In RAN1#88bis, the following was further agreed [4].
Agreement:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note : 1-symbol case may be restricted depending on the BW.

In this contribution we discuss aspects related to the blind decoding of the NR-PDCCH. We discuss the mapping of search space candidates at different aggregation levels to the resources in a control resource set in [5].
Discussion
Blind decoding complexity is a key design aspect that needs to be considered in the design of the control channel framework for NR. To manage blind decoding complexity the number of blind decoding candidates should not be impacted by the number of OFDM symbols in the control resource set and should be distributed across all the configured control channel sets.
A proposed structure of PDCCH candidates was described in [6] where how CCEs inside a CORESET should be numbered was shown. In this structure a CCE can be distributed across the CORESET depending on the particular interleaver defined for the CORESET. Search spaces can simply be defined as in LTE on the set of CCEs that belong to the search space, with the CCEs corresponding to PDCCH candidate m of the search space [image: ] being given by 
[image: ]
where the definitions of the various parameters are defined as for LTE for the PDCCH. Another option is to define the candidates as is done for the EPDCCH. This can be discussed further. However, the general principle of following the same approach as in LTE with the set of CCEs defined in a CORESET is a reasonable way to define the PDCCH candidates that the UE must perform blind decoding on.  
The blind decoding rule can ensure some degree of randomization of the search space resources for different UEs to reduce blocking and interference. It is beneficial for the randomization to not include physical cell IDs to allow maximum flexibility for seamless operation in a variety of deployments. Virtual cell IDs could be used instead to maximize flexibility. Furthermore, it is beneficial not to base the randomization on slot numbers but rather rely on UE IDs to reduce the probability of static blocking and interference patterns. The use of slot numbers creates significant implementation complexities for operation in unlicensed spectrum where the time at which the channel may be available is not known. Without the dependence of the randomization on slot numbers, a transmission can be prepared and transmitted at a different slot without having to prepare the transmission again.
Based on the above discussion, we propose the following:

Proposals:
· [bookmark: _GoBack]The number of OFDM symbols in the control resource set does not impact the number of blind decodes.
· The blind decode candidates are derived based on an automatic rule similar to the one used for the PDCCH in LTE.
· The automatic rule determining blind decode candidates should not use the cell ID for randomization of the CCEs used for candidates for different UEs.

Another aspect that is important to consider regarding blind decoding complexity is carrier aggregation. It is beneficial to define a number of blind decodes that the UE must perform on a per carrier basis. This allows the operation on a single carrier to not vary too much based on the number of carriers that may be configured to the UE at any given time. However, within a carrier, the blind decodes can be independent of the number of CORESETs as has already been agreed. The total number of blind decodes across all the carriers can be limited based on UE capability. Another point left for further study was the issue of whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot. While it is important to be able to handle monitoring per symbol it would also be good to ensure that the complexity for this is not unreasonable. Hence, the total number of blind decoding per slot when the UE is configured to do control channel monitoring per symbol can be allowed to be slightly larger than the number of blind decoding per slot when the UE is configured for monitoring PDCCH per slot. This may be summarized in the following proposals.
Proposals:
· Number of blind decodes are defined on a per carrier basis
· The total number of blind decodes across all the carriers is limited based on UE capability
· The total number of blind decodes per carrier when configured for DL control channel monitoring per symbol can be higher than the number of blind decodes per carrier when configured with DL control channel monitoring per slot.

Conclusion
We discussed the configuration of control resource sets and search spaces and made the following proposals.
Proposals: 
· The number of OFDM symbols in the control resource set does not impact the number of blind decodes.
· The blind decode candidates are derived based on an automatic rule similar to the one used for the PDCCH in LTE.
· The automatic rule determining blind decode candidates should not use the cell ID for randomization of the CCEs used for candidates for different UEs.
· Number of blind decodes are defined on a per carrier basis
· The total number of blind decodes across all the carriers is limited based on UE capability
· The total number of blind decodes per carrier when configured for DL control channel monitoring per symbol can be higher than the number of blind decodes per carrier when configured with DL control channel monitoring per slot.
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