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1. Introduction
In previous RAN1 meeting, following agreements were achieved [1][2]:
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

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

In this contribution, we give our discussion on resource sharing between PDCCH and PDSCH.
2. Resource sharing between PDCCH and PDSCH
As last meeting agreement reached for CORESET, at least time first mapping is supported for NR-PDCCH. This means if there is one DCI in a CORESET, it will occupy the entire time duration of the CORESET. 
Different UEs may have different PDSCH starting symbol. CORESET will be configured UE-specifically. Different CORESET may have different duration and at least 1, 2 or 3 OFDM symbols are supported. Those lead to different PDSCH starting position for different UEs. As Figure 1 shows, CORESET 1 with duration of one symbol and CORESET 2 with duration of 3 symbols are configured for UE1 and UE2 respectively. Since there are other UE’s DCI in both of CORESETs which is not known  by UE1 or UE2, the starting position of PDSCH1 could be the second symbol of the slot while it is the fourth symbol for PDSCH2. As a result, PDSCH starting position should be indicated through UE DCI dynamically.
gNB will have full knowledge about the CORESETs/CCEs which have real transmission and can decide if the UE can start from the symbol in scheduled PRBs. 
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Figure 1. An example of different PDSCH staring symbol for different UEs

Proposal 1: PDSCH starting symbol should be indicated through UE-specific DCI.
In purpose of dynamically reusing PDCCH resource for PDSCH, the most straight forward way is to indicate all the remaining unused resource in the control region dynamically to UE(s). However, the signalling overhead of this would be unaffordable. As a result, NR should find an appropriate trade-off between signalling overhead and resource utilization.
A two stage indication for reusing resources for PDSCH in control region can be considered, including: 
· 1st stage: CORESET-level indication for reusing for PDSCH; 
· 2nd stage: DCI-level indication for reusing for PDSCH. 

In the 1st stage, multiple CORESETs are configured through RRC signalling for UE, and which of them can be used for PDSCH transmission would be indicated in UE DCI such as using bitmap indication. In the 2nd stage, more refined reusing resources in the CORESETs indicated in the 1st stage are further indicated to the UE. That futher information can be granularity of CCE, REG, or candidate. Since more signalling is required in the 2nd stage, the indication could be seems as an enhancement for the 1st stage indication and could be compact for efficient transited NR-PDCCH. Otherwise, if UE has not been indicated 2nd stage resource reusing, only CORESET-level resource reusing can be assumed. 
As an example, 2nd stage resource reusing may be indicated by the 2nd stage DCI if two-stage DCI is supported for NR-PDCCH. As shown in Figure 2, CORESET(s) for PDSCH is indicated by 1st stage DCI, and 2nd stage resource reusing for PDSCH is indicated by 2nd stage DCI.
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Figure 2. An example of two-stage resource sharing
For the 1st stage, take an example in Figure 3 that CORESET 1~3 are UE1’s configured CORESETs by RRC, where only CORESET 1 and CORESET 2 can be reused for PDSCH transmission. Then the bitmap of ‘110’ indicating whether the three CORESETs respectively being reused for PDSCH transmission shall be signalled to UE1 through UE1’ DCI (DCI1). Then if the starting position for PDSCH1 is the first symbol of the slot, CORESET 1 and CORESET 2 will be reused for PDSCH transmission. Without the 2nd stage indication, UE will assume all of resources in the indicated CORESET(s) are empty for PDSCH reusing or all the remaining resources just except for the UE’s DCI and common DCI can be reused for PDSCH transmission.
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Figure 3. An example of CORESET-level indication for resource sharing
If the PDSCH starting symbol indication is conflict with the RRC indication of shared CORESET, UE should know its PDSCH mapping would be done according to which of them. As a result, applicability of the PDSCH starting symbol indication and the shared CORESET indication should be defined. As an example, PDSCH starting symbol indicated in UE-specific DCI is the second symbol while the starting position of the shared CORESET is the first symbol showing in Figure 4. Then, UE will assume that PDSCH starting symbol in this CORESET is the first symbol. 
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Figure 4 An example of PDSCH starting position conflict case
Proposal 2: At least CORESET-level indication of resource reusing for resource sharing between PDCCH and PDSCH should be introduced for NR. The indication can be supported by RRC configuration of UE. Additional DCI indication can also be in CORESET level.
3. Conclusion
Based on the analysis given above, we have the following observations and proposals:
Proposal 1: PDSCH starting symbol should be indicated through UE-specific DCI.

Proposal 2: At least CORESET-level indication of resource reusing for resource sharing between PDCCH and PDSCH should be introduced for NR. The indication can be supported by RRC configuration of UE. Additional DCI indication can also be in CORESET level.
4. Reference
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