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1	Introduction
During the 5G study item RAN1 reached some basic agreements on the arrangement of forward compatible resource reservation
Agreements: (RAN1#86bis)
· Explicit signaling to NR UEs can indicate reserved resources
· The details on signaling information and transmission are FFS 
· e.g. granularity for blank resource indication
· e.g. RRC signaling and/or L1 signaling (including DL control information)
· e.g. broadcast and/or unicast signaling
· e.g., whether this signaling is applicable to UE UL operation and/or DL operation and/or sidelink operation
· FFS: combination of above signaling
· FFS: time and frequency granularity

Agreements: (RAN1#87)
· At least some reserved resources are indicated by using at least RRC signaling

Further, RAN1#90 discussed the resource sharing between PDCCH and PDSCH and reached the following agreements:
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

The PDCCH and PDSCH resource sharing mechanism has many similarities with the forward compatible resource reservation for both PDSCH and PUSCH, and it would be possible to extend the same framework further.
2	Discussion
2.1	Forward compatible resources and PDCCH/PDSCH resource sharing
The RAN1 agreement on forward compatible resource reservation are still on very abstract level; At least some resources are indicated at least by RRC signalling. 
On the other hand, the RAN1#90 agreed setup for PDSCH and PDCCH sharing of resources can be summarized as follows:
1. The UE is configured with one or more resource set(s) by UE-specific RRC signalling 
2. When the PDSCH resource allocation overlaps with a resource set, the L1 signalling (if configured) may indicate whether the PDSCH is mapped to those resources or rate matched around them.
Essentially the UE receiving its PDCCH and PDSCH does not care whether the reservation was to reuse the PDCCH region or a reserved resource, Instead, the UE is only interested in whether the PDSCH is to be found in the indicated resource or not. Hence the mechanism for PDCCH resource reuse could well be generalized to work also outside the typical PDCCH region, as well as for PUSCH. 
Proposal #1: The framework for PDCCH and PDSCH resource sharing is generalized to apply to PDSCH and PUSCH forward compatible resource reservation

2.2	Configuration of forward compatible resources
In an ideal case, any DL or UL resource element should be able to be something that can be taken for future use, and thus also configured as reserved resource to a Rel-15 UE. Figures 1 and 2 illustrates exemplary scenarios that require attention in forward compatibility design:
1. Narrowband resource reservation: An example of narrowband resource reservation is a NB-IoT service running on the NR carrier. Due to coverage reasons, NB-IoT transmission has typically a relatively long time duration e.g. compared to that of eMBB service, but it is confined to a narrow frequency allocation. 
2. Wideband resource reservation: An example of wideband resource reservation is an URLLC (Ultra reliable and low latency communications) service running on the NR carrier. URLLC transmission has typically relatively wide transmission bandwidth but short time duration.
3. Periodic resource reservation: A new beacon transmission used e.g. for long range synchronization or UE trilateration
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Figure 1. Exemplary scenarios for reserved resources
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Figure 2. Example of periodic forward compatible resource reservation.

The PDCCH reuse for PDSCH is one very specific need for which the RRC configuration can be optimized for, and this should be considered in the design of the resource set signalling, and if needed there could be a different branch of configuration for PDCCH resource reuse and forward compatible resource reservation in the signalling design. The L1 signalling for both could use dedicated DCI indicating which of the configured resource sets carry PDSCH (or PUSCH), and which one don’t.
Observation #1: It should be possible to configure any DL/UL resource element as forward compatible resource with sufficiently high granularity and flexibility

Observation #2: The same L3 resource reservation signalling can be generalized to be used for both PDCCH resource reuse and for PDSCH/PUSCH forward compatible resource reservation. Dedicated optimizations for one or the other purpose are for RAN2 to decide

MBSFN configuration used in LTE can be seen as an example of semi-static indication. It can be used for scenarios where the forward compatibility needs are semi-static and it is sub-optimal for scenarios where the new transmission type utilizing the forward compatible resource reservation is of dynamic nature. The earlier RAN1 agreement already states that at least RRC signaling will be used, RAN1 did not take any stand on whether the signaling should be common or dedicated. For example, common higher layer semi-static configuration could be used to define the spectrum edge with a higher granularity than one PRB as shown in Figure 3.
Observation #3: In some scenarios RRC configuration without L1 indication is sufficient for forward compatible resource reservation
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Figure 3. A semi-static forward compatible resource reservation

Proposal #2: Introduce UE-specific RRC signalling for configuring the UE with forward compatible resources
Proposal #3: Allow for multiple different forward compatible resource configurations
Proposal #4: Each configuration defines a frequency allocation, start time, duration, periodicity and link direction of the reserved resource

2.3	L1 signalling for forward compatible resource indication
The forward compatible resource reservation could be configured in UE group/UE/signal/channel –specific manner. There can be also more than one configuration for an UE group/UE/channel/signal. The gNB may select the actual configuration to be applied by using DCI based on the instantaneous forward compatible resource usage by the new transmission needs. The forward compatible resource reservation and the PDCCH resource reuse can use the same resource set ID space that the DCI then provides to the UE. A simplified example is provided below. An eNB configures two FCR PRBs in a subframe as a resource set (RESET), and L1 signalling indicates whether PDSCH is mapped or mapped not into the two FCR PRBs, see [2] for more details. 
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Proposal #5: Introduce a field in the DCI selecting which of the configured forward compatible resource configurations is to be used
4	Conclusions
In this contribution, the similarities between PDCCH resource reuse and forward compatible resource reservation were discussed, and the following observations and proposal are made.
Proposal #1: The framework for PDCCH and PDSCH resource sharing is generalized to apply to PDSCH and PUSCH forward compatible resource reservation
Observation #1: It should be possible to configure any DL/UL resource element as forward compatible resource with sufficiently high granularity and flexibility
Observation #2: The same L3 resource reservation signalling can be generalized to be used for both PDCCH resource reuse and for PDSCH/PUSCH forward compatible resource reservation. Dedicated optimizations for one or the other purpose are for RAN2 to decide
Observation #3: In some scenarios RRC configuration without L1 indication is sufficient for forward compatible resource reservation
Proposal #2: Introduce UE-specific RRC signalling for configuring the UE with forward compatible resources
Proposal #3: Allow for multiple different forward compatible resource configurations
Proposal #4: Each configuration defines a frequency allocation, start time, duration, periodicity and link direction of the reserved resource
Proposal #5: Introduce a field in the DCI selecting which of the configured forward compatible resource configurations is to be used
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