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1 Introduction
In NR, CORESET concept is introduced for control signal design to efficiently support small bandwidth control within wide bandwidth carrier. The CORESET in the frequency domain is a set of PRBs within which the UE attempts to blindly decode downlink control information. The CORESET can be configured to occupy at most 2 or 3 contiguous OFDM symbols according to carrier bandwidth. In this regard, the remaining PRBs except the CORESET can be used to transmit PDSCH. To support such a PDSCH/PDCCH resource sharing mechanism, RAN1 agreed the followings [1]-[3]:
	Agreements: (RAN1 NR-Adhoc#1)
· 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: (RAN1 #88bis)
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

Agreements: (RAN1 #90)
· 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.
· 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
· 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 the remaining issues about PDSCH/PDCCH resource sharing. 

2 Discussion
In the RAN1#90 meeting, RAN1 agreed that UE-specific RRC signaling can configure resource set(s) and L1 signaling, i.e., resource sharing information, can indicate whether the resource set(s) is used for PDSCH or not. Details of the L1 signaling are still FFS. There are two possible candidates for the L1 signaling:
Opt 1. UE-specific DCI scheduling PDSCH transmission
Since the resource set(s) are configured by UE-specific manner, it is natural that the corresponding L1 signaling is UE-specific DCI scheduling PDSCH transmission. In this case, each UE can be configured by different resource set(s) according to scheduling capability (e.g. active bandwidth part, slot-aggregation, cross-slot scheduling, etc) and then the reuse of these resource set(s) is separately indicated to each UE by UE-specific DCI. Therefore, UE-specific DCI can provide more flexible resource sharing, but DCI payload size increases slightly. So, small number of bits e.g. 1~4 bits would be sufficient for resource sharing information.
Opt 2. Group-common DCI
Considering that use of CORESETs is cell-common, to use group-common DCI is a one possible approach. In this case, NW can configure the same resource set(s) to a group of UEs and the resource sharing information for the resource set(s) is carried by a group-common DCI. One merit of group-common signaling is to keep the DCI payload size of UE-specific DCI scheduling PDCCH same regardless of the amount of the resource set(s). However, the PDSCH transmission is tied with success of the group common DCI carrying the resource sharing information. In other words, even if a UE successfully decodes the own PDCCH scheduling PDSCH, the UE cannot receive the PDSCH correctly if UE fails to receive group-common DCI carrying the resource sharing information. Another issue of the group-common signaling is that a UE scheduling the PDSCH into non-sharing resources needs to decode an unnecessary resource sharing information. As carrier bandwidth is increased, it becomes more problematic. 
 Comparing between two options, it would be reasonable that UE-specific DCI scheduling PDSCH transmission includes the PDSCH/PDSCH resource sharing information.
· Proposal 1: The PDSCH/PDCCH resource sharing information should be carried in UE-specific DCI scheduling PDSCH transmission.

Another remaining issue is about resource granularity. If we take UE-specific DCI as a container for the PDSCH/PDCCH resource sharing information, we should set a fixed number of bits for the information to each UE. With the given number of bits for the resource sharing information, there are two possible ways to interpret the bit field. 
· Option 1. N bits are configured for N resource sets and each bit is associated to one resource set.
[bookmark: _GoBack]When there are N resource sets in a slot within a bandwidth part monitored by a UE, the UE expects N-bit bitmap for resource sharing information. A one example is shown in Figure 1. There are 3 resource sets (#1, #2, and #3) and 3-bit bit-field (b1, b2, b3) in UE-specific DCI scheduling PDSCH transmission. Each bit is associated to each resource set, i.e., b1 for resource set #1, b2 for resource #2, and b3 for resource #3. If bn is equal to 1, the UE uses resource set #n as the PDSCH transmission. For example, NW can set 3-bit bit-field as [110] to exclude the resource set#3 for the PDSCH transmission as shown in Figure 1(b).
Since this option is independent to resource allocation of PDSCH (e.g. frequency-domain RA and starting OFDM symbol), this option is a simple way to be implemented and interpreted at gNB and UE. However, it is usually inefficient; as shown in Figure 1(b), when PDSCH is only overlapped with the resource set #3, b1 and b2 still indicate the non-overlapped resource sets, resource set #1 and #2 so that b1 and b2 become useless.
· Option 2. N bits are configured and each bit is associated to the sharing part of resource set(s).
In this option, N-bit bit-field for resource sharing information is configured regardless of the number of resource set(s). By considering the resource allocation of PDSCH (e.g. frequency-domain RA and starting OFDM symbol), the overlapped part between the scheduled PDSCH and the configured resource set(s) is split to the N sub-overlapped parts. Then, each bit in the N-bit bit-field is associated to each sub-overlapped part. In Figure 1(c), since PDSCH is overlapped to the resource set #3, the overlapped part in the resource set #3 are split into 3 sub-overlapped parts and two sub-overlapped parts (upper two rectangles) are used for PDSCH and one sub-overlapped part (lowest one rectangle) is not. This option can provide the higher resource sharing capability. 
· Proposal 2: N-bit field for PDSCH/PDCCH resource sharing information is configured and then each bit is associated to the part of overlapped resources between the scheduled PDSCH and the configured resource set(s). 

[image: ]
Figure 1. Example for PDSCH/PDCCH resource sharing

3 Conclusion
In this contribution, we discussed the PDSCH and PDCCH resource sharing cases and provided possible approaches. Our views are summarized as follows:
· Proposal 1: The PDSCH/PDCCH resource sharing information should be carried in UE-specific DCI scheduling PDSCH transmission.
· Proposal 2: N-bit field for PDSCH/PDCCH resource sharing information is configured and then each bit is associated to the part of overlapped resources between the scheduled PDSCH and the configured resource set(s). 
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