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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 [1]
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 this contribution we discuss search spaces within which the UE searches for NR-PDCCH candidates and how they are organized within control resource sets. We discuss the mapping of search space candidates at different aggregation levels to the resources in a control resource set and some aspects of DCI formats in [4].
Discussion
Search spaces and control regions:
In RAN1#88, it was agreed that a search space is confined within a single control resource set. However, there were differing views on whether a control resource set can have only one search space or whether it can contain multiple search spaces. One view was that since multiple control resource sets could be overlapped in frequency, there was no need to support multiple search spaces within a single control resource set since the sharing of the same physical REs for different search spaces could be engineered by overlapping different control resource sets. Another view was that there would still be benefits in being able to define different search spaces within a control resource set.
We observe that after initial access is performed, the UE does not yet have any opportunity to be configured a control resource set other than receiving information over the NR-PBCH which is quite limited in capacity. Therefore, a control resource set must either be implicitly defined or must be explicitly signaled with very minimal signaling to the UE in order to be able to receiver further control messages. Considering the capacity limitations of the NR-PBCH, a better approach may be to limit or eliminate the signaling needed to be carried on this channel. This would imply that there are benefits to implicitly defining a control resource region where at least messages common to all UEs can be received after performing initial access on a serving cell. That is, this control region should at least support a common search space.
Observation: At least a common search space must be supported in a control resource region that is either implicitly defined or explicitly signaled to the UE during initial access procedures.
We note that minimal signaling may need to be used during initial access procedures in order to provide flexibility of assigning the control resource set in relation to the location of the sync sequence on the carrier which may not always be in the center. Furthermore, UE bandwidth flexibility for power saving reasons may also put additional constraints. Another consideration is that the PRB numbering itself may be UE-specific and UEs may not really know the total bandwidth of the carrier from an eNB perspective
Considering the question of whether UE-specific search spaces should exist in the same control resource region, we note that if a control resource set is anyway defined for common search spaces, it may be wasteful to have to use RRC signaling to every UE just to indicate UE-specific search spaces in addition. Instead, it would be more efficient to have this control resource set signaled after initial access to also contain a UE-specific search space. Then, further UE-specific search spaces could be RRC signaled to the UE if necessary.
The definition of search spaces and the management of multiple search spaces within a single control region can be facilitated by numbering the CCEs within a control resource region so that the first few can be used for common search spaces and the rest for UE-specific search spaces. Furthermore, to minimize signaling, it would be beneficial if the number is implicit based on some configured, signaled or specified parameters for the control resource region, such as the bandwidth of the control resource region and the number of OFDM symbols in the region.
Considering that the common search space will need to be used for messages intended for multiple UEs, it would make sense for this control resource region to use a distributed mapping of REGs to CCEs as described in [5]. Based on the above discussion, we propose the following.

Proposals: 
· A control resource region carrying a common search space and a UE-specific search space should be signaled to the UE during initial access procedures
· The control resource region within which a common search space is located should use a single distributed CCE to REG mapping and CCEs distributed in frequency.
· The CCEs within the control resource region are numbered with the numbering being defined implicitly based on the parameters of the control resource region.
· The common search space within the signaled control resource region can occupy the first few CCEs within the control resource region, while the UE-specific search space may be located in the other CCEs in the control resource region

Blind decoding
With respect to the blind decoding, we suggest to have fixed number of blind decoding candidates which is not impacted by the number of OFDM symbols in the control resource set and distributed across all the configured control channel sets.
Additionally, there can be an automatic rule on how the blind decode candidates are derived. The details of the mentioned automatic rule can be decided once some more decisions are made based on the above proposals. When more clarity is obtained, we can determine whether the UE complexity is manageable or some further assistance by means of e.g. RRC signaling is needed. 
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. 
Based on the above discussion, we propose the following:

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.
· FFS on the details of the automatic rule
· FFS on the need for reducing UE complexity
· The automatic rule determining blind decode candidates should not use the cell ID for randomization of the CCEs used for candidates for different UEs.

Size of control resource sets
The size of a control resource set should allow for the largest possible control channel (i.e. the largest combination of DCI payload and aggregation level). It also defines the smallest possible UE bandwidth, i.e. a UE not capable of receiving at least one control resource set would not be able to access the system. For lower carrier frequencies, a control resource set of approximately 5 MHz seems to be a good choice. For higher carrier frequencies, a somewhat larger control resource set of around 20 MHz can be considered as the spectrum allocations in these cases typically are larger. 
Proposal: 
· A control resource set is in the order of 5 MHz for lower carrier frequencies and should be scalable according to the sub-carrier spacing.

Conclusion
:
Proposals:
· A control resource region carrying a common search space and a UE-specific search space should be signaled to the UE during initial access procedures
· The control resource region within which a common search space is located should use a single distributed CCE to REG mapping and CCEs distributed in frequency.
· The CCEs within the control resource region are numbered with the numbering being defined implicitly based on the parameters of the control resource region.
· The common search space within the signaled control resource region can occupy the first few CCEs within the control resource region, while the UE-specific search space may be located in the other CCEs in the control resource region
· 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.
· FFS on the details of the automatic rule
· FFS on the need for reducing UE complexity
· The automatic rule determining blind decode candidates should not use the cell ID for randomization of the CCEs used for candidates for different UEs.
· A control resource set is in the order of 5 MHz for lower carrier frequencies and should be scalable according to the sub-carrier spacing.
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