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Introduction
During RAN1 NR AdHoc, the following agreements were made related to NR DL control channel resource reuse for data:
Agreements:
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’
· FFS: how and with what granularity the unused control resource set(s) can be used for data
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
In this contribution, potential ways to reuse unused REs in DL control region for data are discussed.
Resource reuse for data in DL control region
Ideally any unused resource in DL control region should be reused to maximize spectral efficiency. On the other hand, this may require non-negligible signaling overhead to indicate dynamic reuse. We will discuss multiple levels of resource reuse with respect to the flexibility and signaling complexity.
One thing we should note is that there are the control resource set (CORESET) configured by MIB/SI (aka common CORESET) and the additional CORESET configured by RRC (aka UE-specific CORESET). In addition, there are common search space (SS) and UE-specific search space for PDCCH. The common CORESET and common SS may be known to all the UEs but the UE-specific CORESET and UE-specific SS by definition may not be known to all the UEs. Therefore, in general, it might be challenging to rate match around the CORESET and SS in DL control region with full flexibility.
For resource reuse of DL control region for data, it will be assumed that the channel will be based on DM-RS in data region and not the control RS in DL control region.
Shape of reused REs
· Time-domain only expansion w.r.t. the allocated PDSCH
· UE just needs to know the starting symbol of PDSCH
· Time-domain/frequency-domain expansion independent of the allocated PDSCH in data region
· This implies independent resource allocation for DL control region from the data region
· UE needs to know the RE allocation in time and frequency domain in DL control region
· Time domain
· Starting symbol only or starting/ending symbol
· Frequency domain
· Starting/ending frequencies (if localized) or  reused CCEs (can be localized/distributed)
There can be multiple ways of reuse combined with the shape of reused REs above:
· Option A: Rate match PDSCH outside CORESETs
· A1: NW ensures not configuring REs overlapped with other UE’s CORESET
· UE rate match around outside common CORESET and its own UE-specific CORESET
· A2: NW informs other UE’s CORESETs
· UE rate match around outside all the informed CORESETs
· Option B: Rate match PDSCH outside configured SSs
· B1: NW ensures not configuring REs overlapped with other UE’s UE-specific SSs
· UE rate match around outside common SS and its own UE-specific SS
· In case WB RS is used for common CORESET, UE rate match around all the WB RS in common CORESET
· B2: NW informs other UE’s UE-specific SSs
· UE rate match around outside all the informed SSs
· In case WB RS is used for common CORESET, UE also rate match around all the WB RS in common CORESET
· Option C: Rate match PDSCH around all the decoded PDCCHs
· NW ensures not configuring REs overlapped with other UE’s PDCCHs
· In case WB RS is used for common CORESET, UE rate match around all the WB RS in common CORESET
· Option D: Rate match PDSCH around all the decoded PDCCHs but within configured CORESETs
· NW ensures not configuring REs overlapped with other UE’s PDCCHs within the configured CORESETs for the UE
· In case WB RS is used for common CORESET, UE rate match around all the WB RS in common CORESET
· Option E: Rate match PDSCH around all the decoded PDCCHs but within configured SSs
· NW ensures not configuring REs overlapped with other UE’s PDCCHs within the configured SSs for the UE
· In case WB RS is used for common CORESET, UE rate match around all the WB RS in common CORESET
Option A might be most conservative and Option C might be most flexible. Option B might be between Option A and Option C. Option A/B/C are trying to reuse exclusive resources from the configured ones. Option D and E are trying to reuse resources within the configured ones for that UE. Some detailed aspects are related to the decision on RS, CORESET and SS design. It would be, however, useful to discuss the direction of reuse (A/B/C way vs. D/E way) and the level of reuses.
Observation 1: There can be different approaches for resource reuse in control region for data. Signaling overhead should be taken into account to determine the scheme. Whether to reuse exclusive resources from the configured ones or to reuse within the configured ones can be compared.
There was a proposal for UE to exploit the signaling of the data starting position on the group common PDCCH during RAN1 AH meeting in January. Blind decoding skipping idea might be okay but it is our view that actual reuse information may be specific to UE and it may not be adequate to deliver via the group common PDCCH.
Observation 2: Signaling for resource reuse in control region for data is more appropriate to be the part of DL grant DCI.
Conclusions
In this contribution, potential ways to reuse unused REs in DL control region for data have been discussed. It seems to be necessary to have some decision on control resource set/search space design before having a conclusion on DL control region resource reuse. However, it would be helpful to discuss the direction of reuse and the level of reuses in RAN1. The following observations have been made:
Observation 1: There can be different approaches for resource reuse in control region for data. Signaling overhead should be taken into account to determine the scheme. Whether to reuse exclusive resources from the configured ones or to reuse within the configured ones can be compared.
Observation 2: Signaling for resource reuse in control region for data is more appropriate to be the part of DL grant DCI.
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