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1	Introduction
For the DL control design in NR, the following has been agreed regarding the resource sharing between PDCCH and PDSCH. 
In 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

in RAN1 NR ad hoc meeting:
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 RAN1 #90 meeting:
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 
· FFS: exact configuration of a resource set including granularity.

Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity

Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
In this contribution, we discuss general aspects and detailed mechanisms that can be used to achieve dynamic resource reuse between PDCCH and PDSCH.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Sharing resource considerations 
For slot-based scheduling, the DL control region from the gNB point of view can span one or more OFDM symbols at the beginning of a slot, occupying some PRBs in frequency. Each UE is configured with one or more CORESETs within the DL control region.
2.1	Resource set configuration
According to RAN1 #90’s agreements, each UE can be configured with two types of resource sets by RRC signaling, one type that doesn’t support PDSCH reuse and can be called type1 resource sets, the other type supports PDSCH reuse and can be called type2 resource sets. Both types can consist of one or more resource sets. During the past RAN1 meetings, no limitations on the number of resource sets and their granularity have been decided yet. However, what has become clear is that at least the DCI overhead should be kept rather small (e.g. 2 to 5 bits). Thus, the availability for PDSCH of several resource sets could for instance be jointly indicated by a common bit. 
The type1 resource sets will be used to protect resource regions that do not change dynamically. The granularity of these resources can be determined after the purpose/use case for type1 resource sets has been identified. One option could for instance be to reserve resources for the group common PDCCH that would carry the preemption indication. A PI indicator could be sent at the end of the impacted eMBB transmission. A PDSCH could be rate matched around these reserved resources.
For type2 resource sets, the purpose is clear and has been agreed earlier, already in RAN1#87.They shall facilitate the dynamic re-use of resources for control and data. When the UE decodes its DCI, it will retrieve scheduling information for the PDSCH. The resources for the PDSCH transmissions are indicated by the PDSCH starting symbol, its durations and the PRB allocation. Thus, the PDSCH resources are defined by a “resource-rectangle”. If resource elements of this PDSCH-rectangle overlap with the previously mentioned type2 resource sets, then the L1 signaling will inform the UE if the PDSCH is either rate matched around or mapped onto the overlapping resources. This is illustrated in figure 1 below, where the staring symbol of the PDSCH is symbol 0 and the duration is 9 symbols. The defined resource sets are 1,2,3,4 and 5. The PDSCH will be mapped onto the overlapping parts with resource sets 1, 2, 4 and 5, but will be rate matched around resource set 3 (since in this example it is indicated as not being available for PDSCH).  
[image: ]
Figure 1 – Example for PDSCH mapping and resource set configuration
Since the purpose is the dynamic reuse of control resources for PDSCH transmission, the re-usable resources will be located in CORESET(s). A simple method to define the type2 resource sets is therefore to follow the CORESET structure or granularity and to allocate the UE’s own CORESETs and also the CORESETS being monitored by other UEs.
Proposal 1: The granularity of the resource set configuration for dynamical reuse shall follow the CORESET granularity.
In order to keep an acceptable DCI overhead several resource sets can be jointly indicated with a common bit. For instance, assume that only 2 bits shall be spent in the DCI. Then, with the example in Figure 1, the first bit could jointly indicate resource sets 1, 2, 4 and 5, while the second bit could indicate the availability of resource set 3. Of course, in different situations different resource sets may be mapped to the same indicator in the DCI. Therefore, the mapping of resource sets to DCI should be performed by RRC signaling.  
	Bit
	Resource sets

	00
	Rate matched around all resource sets

	01
	Rate matched around 1,2,4 and 5

	10
	Rate matched around 3

	11
	All resource sets used for PDSCH


Table 1 – Example for resource set to DCI mapping

[bookmark: OLE_LINK7]The detailed configuration for one resource set should include both time domain and frequency domain information. In the time domain, one resource set could include x continuous OFDM symbols, where x is between one and three, and in frequency domain, one resource can include y PRBs, these PRBs can be continuous or non-continuous. It is our preference that the value of y would follow the CORESET granularity.
To simplify the detailed resource set configuration, another method is to predefine/configure some resource set patterns, one pattern can cover one or more complete or incomplete CORESETs, and some patterns can be used for type1 resource set, some other patterns can be used for type2 resource set. 
2.2 Sharing resource granularity
[bookmark: OLE_LINK18]Considering the sharing resource granularity, there is a tradeoff between the reuse granularity and the dynamic signaling overhead. We believe the resource set-level (or CORESET-level) reuse is sufficient in phase1 NR. One motivation is that the starting position of PDSCH transmission has been agreed to be explicitly and dynamically indicated to the UE. This, together with dynamic PDSCH resource allocation in the frequency domain and L1 resource-reuse signaling, the sharing resource can already be very finely determined as long as a UE specific indication is performed.
Another motivation to restrict the granularity on the CORESET/Resource Set level is the signaling overhead. In order to support better granularity, such as REG Bundle or RBG, additional signaling overhead is inevitable.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]For phase2 NR, if the two-level DCI structure is possible, based on the resource set-level (or CORESET-level) sharing indication, some further sharing indication with better granularity can be introduced. This can be carried by the second DCI, when transmitting the second DCI in PDSCH domain, a larger DCI overhead can be tolerable.       
Proposal 2: Sharing resource granularity shall be resource set-level (or CORESET-level). 
3	Sharing resource indication
L1 reuse signaling can be used to dynamically indicate resource sharing based for the configured type2 resource sets. If only few resource sets will be considered, a bitmap indication can be used, each bit refers then to one resource set (or CORESET).However, no more than five bits overhead should be attractive in the DCI. If the number of possible resource sets is larger, another candidate scheme should be considered. Based on RRC configured resource patterns, several resource sets could be indicated by the same bit.
Proposal 3: The number of bits being used for dynamical indication of the availability of resource sets can be less than the number of configured resource sets
Proposal 4: Multiple resource sets can be indicated by the same bit in the DCI.
· The resource set to DCI bit mapping can be configured semi-statically.

Another important question is whether to use a UE-specific DCI or a Group-common DCI to indicate reuse signaling. We see two important advantages with the UE specific indication:
· The PDSCH resource allocation is achieved in one shot by decoding of the UE specific DCI. For group common indication, the two DCIs (UE specific PDSCH and group common for resource reuse) need to be decoded. This can have negative impact on the processing time as well on the reliability. 
· Better re-use efficiency if resource sets can be indicated in a UE-specific manner.
Proposal 5: L1 sharing resource indication shall be UE-specific. 
[bookmark: OLE_LINK2]4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed the issue of resource sharing between PDCCH and PDSCH, and have the following proposals:
Proposal 1: The granularity of the resource set configuration for dynamical reuse shall follow the CORESET granularity. 
Proposal 2: Sharing resource granularity shall be resource set-level (or CORESET-level). 
Proposal 3: The number of bits being used for dynamical indication of the availability of resource sets can be less than the number of configured resource sets
Proposal 4: Multiple resource sets can be indicated by the same bit in the DCI.
· The resource set to DCI bit mapping can be configured semi-statically.
Proposal 5: L1 sharing resource indication shall be UE-specific. 
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