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Introduction
A key differentiator of NR compared to previous generations of RATs, is the support of forward compatibility from the very first release. This design objective is based on experience gained from LTE, where the initial design framework did not lend itself to efficient and seamless introduction of later features and services (e.g. CSI-RS, NB-IoT etc). An enabler of forward compatibility is the reservation of physical resources that allow a seamless introduction of signals/channels in future releases. Towards this goal it was agreed during the NR study item phase (RAN1 #87) that explicit signaling – at least RRC signaling – is used to indicate reserved resources to a UE.  
Configuration details and the corresponding UE behavior for reserved resources still need to be worked out. Subsequent to these initial agreements, RAN1 also agreed that slot format related information (SFI) carried in a group-common PDCCH can indicate one or more symbols of a slot as ‘Unknown’. For these Unknown symbols a UE does not assume anything in terms of transmission or reception. This contribution discusses further details of signaling reserved resources and the relationship with Unknown symbols that may be indicated by a group common PDCCH. 

Discussion
Signaling Functionality
Physical resources may be reserved at either RB/RBG-level granularity or RE-level granularity from a frequency domain perspective. One motivation for reserved resources is for LTE-NR coexistence on the same carrier. For this use case the resources should be reserved at slot-level in the time domain at least for 15 KHz subcarrier spacing. An early agreement during the NR SI was as follows, 
Agreements:
· Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X
· Indication to the UE may include
· Dynamic L1 signaling
· RRC configuration
· Broadcast signaling

The implication of this agreement is that the UE implicitly assumes that resources are reserved except prior indication is received by RRC (broadcast or dedicated) or L1 signaling. 

Proposal: A UE assumes that resources are reserved if the UE is not configured or scheduled to transmit or receive on those resources. 
There may be other reasons to still indicate resources at the RB-level even when a UE is not scheduled for transmission or reception. For instance, for LTE-NR coexistence it may be necessary to explicitly indicate reserved set of RBs in case these resources overlap with periodic CSI measurement resources or SRS transmission occasions. At least for the LTE-NR coexistence scenario such RRC signaling should be common to all UEs in a cell. Therefore, broadcast signaling in a SIB would be the most efficient signaling method.
Proposal: Explicit signaling of reserved resources is at least by common RRC signaling.
RBG-type signaling can be used for flexible frequency domain allocation. From a time domain perspective symbol-level granularity should be the baseline allowing indication of reserved resources that do not necessarily span a slot. An example is shown in Figure 1 where a PDSCH scheduled by a CORESET overlaps with a reserved region that is configured by RRC signaling. 
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[bookmark: _Ref490219254]Figure 1 PDSCH overlapping with a reserved region
It can be observed that the reserved region could also be a CORESET potentially scheduling a shorter data transmission in the same slot. From this perspective, a general RRC signaling framework can be introduced for indicating regions of the system bandwidth that are have different functionalities including reserved regions and CORESETs. The difference between these use cases only lies with the UE behavior.
Proposal: A general RRC signaling framework is introduced to indicate certain time-frequency regions of the system bandwidth where for each region the intended usage is indicated to the UE.
For introduction of a reference signal in a future release, it would be beneficial to also reserve resources at the RE level. Assuming that RE-level resources are repeated in each PRB, full signaling flexibility would imply a 12x14 bitmap. Efficient indication of reserved REs is desirable regardless of whether it is higher layer of L1 signaling. Therefore, further minimization can be considered such as restrictions on which REs in a PRB can be reserved. 
Proposal: A bitmap can be used to indicate reserved REs per PRB. Consider restrictions on valid REs that can be indicated as reserved resources in order to reduce the signaling overhead 
UE behavior
UE data processing behavior needs to be defined when a DL assignment or UL grant overlaps with indicated reserved resources. Similarly to Unknown symbols indicated by SFI carried on the group common PDCCH, the UE should not assume any transmission or reception in resources indicated as reserved. When the reserved resources are at least at the PRB level as shown in Figure 1, UL or DL data should be rate matched around these reserved resources. In contrast for reserved REs that may be used for later introduction of a reference signal, the sparseness of such RS within a given DL assignment may not have a material impact on performance if puncturing is assumed. This would also simplify UE processing compared to rate matching for selective REs.
Proposal: If a DL assignment or UL grant overlaps with PRBs or individual REs indicated by RRC signaling as reserved, 
· Data is rate matched around reserved PRBs
· Data is punctured on reserved REs 

Prioritization should also be defined between resources reserved by RRC signaling and the SFI provided in a group-common PDCCH. Since SFI only indicates transmission direction, or lack thereof, for symbols in a slot, there is really no conflict between resources reserved by RRC and SFI. An illustration is shown in Figure 2, where SFI indicates the last 2 symbols of the slot as Unknown, whereas RRC configures a reserved region, which partly overlaps with the Unknown symbols. Effectively, the SFI does not overwrite the semi-statically configured reserved region. Furthermore, dynamic signaling of the DL region does not overwrite the reserved region as shown in Figure 2. Further UE prioritization between RRC signaling, SFI and other L1 signaling is described in [1]. 
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[bookmark: _Ref488837387]Figure 2 Illustration of reserved resources configured by RRC signaling and SFI indication for a slot
Conclusion
This contribution discussed signaling of reserved resources for forward compatibility and UE behavior. The proposals are:
1) A UE assumes that physical resources are reserved if the UE is not configured or scheduled to transmit or receive on those resources.
2) Explicit signaling of reserved resources is at least by common RRC signaling.
3) A general RRC signaling framework is introduced to indicate certain time-frequency regions of the system bandwidth where for each region the intended usage is signaled.
4) A bitmap can be used to indicate reserved REs per PRB. Consider restrictions on valid REs that can be indicated as reserved resources in order to reduce the signaling overhead.
· If a DL assignment or UL grant overlaps with PRBs or individual REs indicated by RRC signaling as reserved, 
· Data is rate matched around reserved PRBs 
· Data is punctured on reserved REs
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