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1 Introduction
In previous RAN1 meetings, the followings were agreed on PDCCH design [1, 2].
RAN1#87 Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

RAN1-NR#1 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
This contribution discusses the details of resource sharing between PDCCH and PDSCH.
2 Resource sharing between NR-PDCCH and PDSCH
2.1 Resource sharing granularity
It was agreed that dynamic resource sharing between PDCCH and PDSCH is supported in NR to maximize the spectral efficiency. Resource sharing means that PDSCH can be transmitted within a CORESET if available. In terms of resource sharing granularity, there are two alternatives, CORESET-level and DCI-level resource sharing, as shown in Figure 1. To briefly explain Figure 1, two CORESETs, CORESET#1 for UE#1 and CORESET#2 for UE#2, are configured within a system bandwidth. DCI#1 for UE#1 is transmitted in CORESET#1 and DCI#2 for UE#2 is transmitted in CORESET#2. DCI#1 corresponds to the DL assignment DCI of PDSCH#1 for UE#1. PDSCH#1 is transmitted in the system bandwidth and some part of PDSCH#1 is overlapped with existing CORESETs.
In CORESET-level resource sharing, PDSCH is always rate matched in the overlapped time/frequency regions of CORESETs. As shown in Figure 1(a), PDSCH#1 is rate matched in the region overlapped with CORESET#1 and CORESET#2. In DCI-level resource sharing, PDSCH can be transmitted unused parts of CORESETs based on the fact of actual DCI transmissions. In Figure 1(b), PDSCH#1 is transmitted within the CORESET#1 and rate matched in the region using DCI#1 transmission. Since DCI#1 reception should be preceded to receive PDSCH#1, UE#1 can be aware of the rate matching region caused by DCI#1 transmission. PDSCH#1 is rate matched in the CORESET#2 resources since DCI#2 is transmitted and DCI#2 cannot be recognized by UE#1. A finer resource sharing granularity can be supported in DCI-level resource sharing compared to CORESET-level resource sharing, so better spectral utilization is expected. On the other hand, signalling overhead can be minimized in case of CORESET-level resource sharing. Therefore, trade-off between signalling overhead and spectral utilization should be carefully studied to determine resource sharing method.
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(a) CORESET-level resource sharing        (b) DCI-level resource sharing
Figure 1. Resource sharing granularity
2.2 Signalling methods for resource sharing 

2.2.1 Semi-static signalling
For the purpose of resource sharing between PDCCH and PDSCH, at least semi-static RRC signalling to indicate time and frequency resources including CORESETs within system bandwidth should be supported. Since a UE only knows its own CORESET region, the gNB need to additionally inform the time/frequency resources of other UE’s CORESETs to the UE. Exact time/frequency locations of other UE’s CORESETs can be indicated. Or specific time/frequency regions including CORESETs can be indicated like reserved resources. Then a UE can be aware of which time/frequency resources should be rate matched of a PDSCH when the received PDSCH is overlapped with those regions. Based on the above semi-static signalling, at least CORESET-level resource sharing can be supported without any dynamic signalling. 
Proposal 1: Time/frequency resources including CORESETs for other UEs are indicated by RRC signalling.
2.2.2 Dynamic signalling 
Assuming that time/frequency resources are already configured to a UE by RRC signaling, additional dynamic signaling using DCI can be further considered to enable dynamic resource sharing. A DCI can indicate which of the time/frequency resources configured by RRC signalling can be used for PDSCH transmission. The DCI overhead is determined by the number of time/frequency resources (or number of CORESETs) to be indicated dynamically. For example, in Figure 1, 2-bit DCI can be used for indicate whether or not to rate match the PDSCH#1 in the resources corresponding to CORESET#1 and CORESET#2. Or, only 1-bit can be used for dynamic indication for resource availability of CORESET#1 to reduce DCI overhead. In this case, a UE can assume PDSCH#1 is always rate matched in the resources of CORESET#2 until next semi-static configuration. The gNB can inform which resources are dynamically reused considering DCI overhead.
Proposal 2: Time/frequency resources for rate matching of PDSCH transmissions are indicated by DCI.
2.2.3 Possible alternatives of dynamic signalling
Alt#1: UE-specific DCI

To support DCI-level resource sharing within most of CORESET regions, UE-specific DCI can be used for dynamic indication for rate matching of PDSCH. A number of bits can indicate whether the PDSCH is rate matched or not in the resources overlapped with CORESETs in the UE-specific manner. For example, in Figure 1, DCI#1 can indicate the fact that time/frequency resources overlapped with CORESET#1 are reused for PDSCH transmission and PDSCH is rate matched in the CORESET#2 region. At a cost of high signaling overhead, the resource sharing flexibility can be maximized by using UE-specific DCI. In addition, since it is little bit hard to expect the ideal case for DCI-level resource sharing as shown in Figure 1(b), DCI bits can be transmitted in most of cases unnecessarily. Some additional restrictions of UE-specific DCI include resource utilization for multi-slot scheduling (without imposing scheduler restrictions or always assuming ‘worse case’ scenario that may lead to different BLER for TBs transmitted in different slots) and the further increased overhead from a potential need to indicate additional resources for rate matching such as for CSI-RS and dynamic SRS or short PUCCH transmissions in DL-centric slots.
Alt#2: GC-DCI

In order to avoid increasing the size of UE-specific DCIs, particularly as they are likely to be materially larger than UE-specific DCIs in LTE and to address the other aforementioned potential shortcomings, GC-DCI can be used for dynamic signaling. The GC-DCI is a good alternative since CORESETs in the system bandwidth commonly influences to the rate matching of PDSCHs for multiple UEs. GC-DCI can indicate availability of each time/frequency resource including CORESET for PDSCH transmission based on the presence of DCI transmission in that CORESET. The GC-DCI can additionally indicate PDSCH rate matching for other semi-statically configured but dynamically utilized resources for other signaling types [3]. For example, in Figure 1, since DCI#1 and DCI#2 are transmitted in the CORESET#1 and CORESET#2, respectively, GC-DCI may indicate both of regions should be rate matched when PDSCH is transmitted in those regions. If none of DCI is transmitted in a CORESET, the CORESET can be reused for PDSCH transmission. As a result, dynamic CORESET-level resource sharing can be supported when GC-DCI is used for dynamic signaling. 
Alt#3: Combination of GC-DCI and UE-specific DCI

Considering the trade-off between signaling overhead and resource sharing efficiency, combination of GC-DCI and UE-specific DCI can be further considered. In this alternative, CORESET-level resource sharing is applied for some parts of CORESETs and DCI-level resource sharing is supported for the other parts of CORESETs. Signaling overhead in UE-specific DCI is offloaded to the GC-DCI. For example, GC-DCI can be used for indicating resource reuse availability for all of time/frequency resources configured by RRC signaling (e.g. CORESETs for other UEs) and UE-specific DCI can additionally indicate the rate matching of PDSCH in the CORESET for the UE. 
Based on the above observations, it is preferred that at least GC-DCI is supported for dynamic indication of resource sharing 
Proposal 3: GC-DCI or combination of GC-DCI and UE-specific DCI is supported for dynamic indication of rate matching of PDSCH transmissions.
3 Conclusion
This contribution discussed resource sharing between PDCCH and PDSCH and following proposals were captured.
Proposal 1: Time/frequency resources including CORESETs for other UEs are indicated by RRC signalling.
Proposal 2: Time/frequency resources for rate matching of PDSCH transmissions are indicated by DCI.
Proposal 3: GC-DCI or combination of GC-DCI and UE-specific DCI is supported for dynamic indication of rate matching of PDSCH transmissions.
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