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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Following agreements were made in previous RAN1 #90 meeting [1]:
Agreements:
· A UE can be configured by RRC signalling 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 signalling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signalling.
· 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 signalling 
· 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

Discussion on control region reuse for NR-PDSCH
According to agreements, RRC signalling identifies resource set(s), which can be utilized for resource sharing between PDSCH and PDCCH. 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). The details of the RRC-signalling, L1-signaling and the granularity of resource sets during both RRC- and L1 –signalling are still open.
The quintessential purpose of the resource sharing between PDCCH and PDSCH is to reuse the PDCCH resources inside the defined resource sets with some granularity. Unlike in LTE, PDSCH starting OFDM-symbol is not restricted to start after control symbols: PDSCH starting OFDM- symbol and length and/or ending OFDM-symbol can be signalled dynamically to UEs. This property enables better resource utilization outside the defined resource sets and can be applied to reduce granularity or required amount of bits for dynamic L1-signaling.
[image: ]
Figure 1 PDSCH starting symbol in LTE and NR
One of the objectives in control channel design is to keep DCI payload constant and at reasonable size to diminish the needed amount of blind decoding and to improve resource utilization. This objective also applies to DCI field indicating dynamic resource sharing.
It is agreed so far that RRC layer configures resource sets, which are then dynamically shared for PDSCH use according to L1-signaling. RRC configuration is semi-static by nature, so selected resource set size (granularity) is set to constant for the time being. In practice, optimal resource set granularity changes in time with the constant number of L1-signaling bits.
[bookmark: Observation1]Figure 2 describes an example, where RRC has configured two resource sets, corresponding to a CORESET 2 and a CORESET 3, which can be dynamically indicated for PDCCH and PDSCH resource sharing. Slot N describes a wideband PDSCH allocation case, where PDSCH overlaps with both of the RRC configured resource sets. Slot N+1 describes a narrowband PDSCH allocation case, where PDSCH overlaps with only another configured resource sets (CORESET 3). In slot N PDCSH allocation case, 2 bits L1-signaling granularity makes possible signalling both of the RRC-configured resource sets to be reused or not. In slot N+1, PDSCH overlaps only with CORESET 3, which makes one of the L1-signaling bits obsolete during this slot. One option is to exploit L1-signaling bits to increase resource sharing granularity in overlapping PDSCH and resource set regions. Second option is to tie granularity to PDSCH allocation only. In both of the cases reuse granularity is scalable and resource sharing accuracy is improved with the constant number of L1-signaling bits.
[bookmark: _Ref494272288]Observation 1: Scalable L1- signalling granularity improves resource sharing accuracy with the constant number of L1-signaling bits.
[bookmark: _Ref494272425]Proposal 1: Scalable L1-signaling granularity is used in NR PDCCH and PDSCH resource sharing.
[image: ]
[bookmark: _Ref493775064]Figure 2 Options for L1-signaling usage
From the blind decoding point of view, it is not sensible to have dynamically changing DCI payload size in time. In order to be able to keep the number of blind decoding low, downlink assignment and uplink grant should be equally sized. That is, if downlink assignment payload is changed, also uplink grant payload has to be adjusted to the same payload size. Potential need for changing downlink DCI payload size can happen if configured resource sharing granularity is changed.
One method to avoid extra load to L1-signaling is to move the contents of L1-signaling bit map to be located inside the scheduled PDSCH allocation. This method makes the unification of DL assignment and UL grant sizes easier and enables dynamically changing L1-signaling size. Alternatively in cases where resource sharing is switched off or resource sharing is not possible, transmission of L1-signalling can be stopped.
[bookmark: _Ref494272773]Observation 2: Self-contained PDCCH reuse information on PDSCH makes the unification of DL assignment and UL grant sizes easier and enables dynamically changing L1-signaling size or resource sharing can be easily switched off.

Scalable resource sharing granularity
This contribution proposes scalable resource sharing granularity to be used in NR. Fixed granularity may turn out to be inefficient if control resources are very scattered or if wide contiguous frequency regions exists. Scalable granularity can exploit constant number of L1-signaling bits to improve reusing accuracy when:
· there exists a narrow PDSCH overlapping with PDCCH
· only small part of PDCCH overlaps with PDSCH
Scalable granularity can indicate wider reusable frequency chunks with constant number of L1-signaling bits when:
· there exists a wide PDSCH allocation overlapping with PDCCH
From the resource sharing point of view, only the frequencies to which PDSCH is allocated are meaningful. This is because, the allocated PDSCH field(s) are defined according to starting OFDM-symbol and ending OFDM-symbol or length in time and by frequency allocation defined in DCI. Proposals presented so far assume that fixed size resource sets are defined by RRC-configuration and reuse is indicated by L1-signaled bitmap. One example of such approach is depicted in left side of the Figure 3. Our proposal is to tie signalled resources (later referred as signalling grid) to logical PDSCH allocation – depicted in right side of the Figure 3. With this approach signalled number of bits can be kept constant, but granularity is decreased.
[bookmark: _Ref494272801]Proposal 2: Scalable signalling grid granularity tied to logical PDSCH allocation is used in NR.

[image: ]
[bookmark: _Ref494192439]Figure 3 Fixed and scalable signalling grid granularity

Reuse granularity can be further decreased, when the dimensions of the overlapping CORESET are known (left side of the Figure 4) and even further decreased applying received common or UE-specific DCI allocation information (right side of the Figure 4). 
[image: ]
[bookmark: _Ref494195266]Figure 4 Refined scalable signalling grid granularity options
[bookmark: _Ref494272781]Observation 3: Scalable signalling grid granularity can be refined even smaller, taking into account overlapping CORESETS or/and transmitted DCI allocations.
[bookmark: _Ref494272828]Proposal 3: Scalable signalling grid granularity refined with CORESET(s) and DCI allocations is used in NR.


Self-containing PDCCH resource sharing indication on PDSCH
One method to relax L1-signaling amount in DCI, is to move the contents of L1-signaling bit map to be located predefined resources inside the scheduled PDSCH allocation. Figure 5 describes an example case, where signalling grid is located in the border of PDSCH allocation.

[image: ]
[bookmark: _Ref494201149]Figure 5 Self-containing PDCCH signalling grid indication on PDSCH
This method makes the unification of DL assignment and UL grant sizes easier and enables dynamically changing L1-signaling size. The number of blind decoding does not increase, since size of the signalling grid does not affect to DCI. In cases where resource sharing is switched off or resource sharing is not possible, transmission of L1-signalling can be stopped.
The decoding of a self-contained DCI can be triggered by using PDSCH allocation starting symbol indicated in DCI in CORESETs. If PDSCH overlaps with configured control resource sets, there is possible reusing opportunity. If PDSCH starting symbol does not overlap with configured control resource the UE can assume that there is no reuse on PDCCH.
[bookmark: _Ref494272834]Proposal 4: Self-containing PDCCH signalling grid indication on PDSCH is used in NR. 
Conclusions
In this paper, following observations and proposals were presented:
Observation 1: Scalable L1- signalling granularity improves resource sharing accuracy with the constant number of L1-signaling bits.
Observation 2: Self-contained PDCCH reuse information on PDSCH makes the unification of DL assignment and UL grant sizes easier and enables dynamically changing L1-signaling size or resource sharing can be easily switched off.
Observation 3: Scalable signalling grid granularity can be refined even smaller, taking into account overlapping CORESETS or/and transmitted DCI allocations.
[bookmark: _GoBack]Proposal 1: Scalable L1-signaling granularity is used in NR PDCCH and PDSCH resource sharing.
Proposal 2: Scalable signalling grid granularity tied to logical PDSCH allocation is used in NR.
Proposal 3: Scalable signalling grid granularity refined with CORESET(s) and DCI allocations is used in NR.
Proposal 4: Self-containing PDCCH signalling grid indication on PDSCH is used in NR.
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