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1 Introduction

In RAN1#86bis, the following was agreed regarding indication of reserved resources [1]:
Agreements:
· 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

In RAN1 #87, the following was agreed for signaling of reserved resources [2]:
Agreements:
· At least some reserved resources are indicated by using at least RRC signaling
Furthermore, in RAN1#89, unknown resources included in GC-PDCCH was agreed [3]:

Agreements:
· In ‘Slot format related information’, ‘other’ is at least:

· ‘Unknown’

· UE shall not assume anything for the symbol with ‘Unknown’ by this information

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration

· FFS: ‘Empty’

· UEs can use this resource for interference measurement

· UE may assume there is no transmission
In RAN1#89, “unknown resources” was agreed. But, this contribution still uses the term “reserved resource” instead of “unknown resource” and discusses aspects about signaling of reserved resources, a priority between reserved resource and NR signals/channels and NR UE behaviors for the reserved resources.
2 Discussion
Resource granularity for reserved resource indication 


In NR, a slot (or mini-slot) with 1 OFDM symbols to 14 OFDM symbols can be supported for data transmission. As discussed in [4], similar to MBSFN configuration in LTE, eMBB and eMBMS can be multiplexed in the time domain. In this case, certain eMBB UEs that cannot receive eMBMS service do not need to monitor slots configured for eMBMS services. In the same way, when certain NR UEs do not need to or cannot receive certain services/signals in a slot, those NR UEs do not need to monitor slots configured for services/signals of no interest. 
In case of dynamic TDD and at least for coexistence with LTE TDD, when a NR UE does not receive an UL grant in a slot configured for UL transmissions, the UE can skip monitoring DL control channels during those UL slots in order to reduce battery consumption and avoid false-positive decodings. Therefore, in order to allow dynamic UE sleep operation at the level of slot for reduced battery consumption and overall operational robustness, time resource granularity for reserved resources where UEs do not need to monitor DL control channels should be supported at least in the slot level. 
In addition, it was agreed that as well as MBSFN subframes, non-MBSFN subframes are supported for NR transmissions in case of LTE-NR coexistence. To avoid NR operations in resources with LTE channels/signals such as CRS/PDCCH/SIB1/PSS/SSS/PBCH, certain OFDM symbols corresponding to the resources can be indicated as reserved resources to NR UEs. In this case, reserved resources should be signaled with a granularity of an OFDM symbol. Taking into account these use cases of reserved resource, time resource granularity in a slot or an OFDM symbol level can be supported.
Proposal 1: Time domain granularity in a slot or an OFDM symbol is supported for reserved resource indication to NR UEs.

Regarding the frequency domain unit, the following was agreed in RAN1 #86bis:

Agreement:
· The number of subcarriers per PRB is 12

Considering LTE-NR coexistence or multiplexing of different verticals in a frequency domain, frequency resource granularity for reserved resources should support at least a PRB or multiple PRBs. It may also be applicable to sub-band(s) for DL/UL control channels and CSI measurements or SRS that can be configured by RRC. DL control channel monitoring or CSI measurements can be skipped in reserved RBs of the sub-band(s). Considering future use cases for forward compatibility (e.g. introduction of new RSs), FFS for more fine granularity such as subcarrier level.
Proposal 2: Frequency domain granularity in a PRB or multiple PRBs is supported for reserved resource indication to NR UEs. 

Cell-specific and UE-specific RRC signaling
It was agreed that RRC signaling is used to indicate reserved resources. RRC signaling itself can be cell-specific and UE-specific. When certain resources need to be reserved by a gNB, a cell-specific RRC signaling is beneficial if those reserved resources need to be configured to all UEs in a cell or those reserved resources need to be known to UEs before RRC connection (e.g. if RA and paging related resources need to be reserved). On the other hand, a UE-specific RRC signaling would be beneficial if the reserved resources need to be configured to specific UEs not all UEs in a cell (e.g. separate reserved resources per vertical such as eMBB, URLLC and mMTC). Therefore, as RRC signaling to indicate reserved resources, both cell-specific and UE-specific RRC signaling can be introduced for NR.
Proposal 3: Both cell-specific and UE-specific RRC signaling are supported for reserved resource indication to NR UEs.
NR UE behaviors for NR channels/signals within reserved resources
When reserved resources by a RRC signaling are configured to NR UEs, the reserved resources may overlap with resource regions for NR channels/signals by other DCI/RRC signaling to schedule/configure NR channels/signals. Therefore, NR UE behaviors for NR channels/signals that may exist within the reserved resources need to be defined in the NR specification.
For example, certain resources can be reserved by a RRC signaling and at the same time, a slot format for those resources can be indicated by SFI in GC-PDCCH or can be signaled by additional RRC signaling such as TDD UL/DL configuration in LTE. In this case, a reserved resource by the RRC signaling need to be prioritized to achieve forward compatibility. In other words, a UE shall not assume receiving and transmitting for the reserved resources regardless of the slot format is DL or UL. In addition, when the UE does not assume receiving and transmitting on the reserved resource, there was a discussion about UE RF assumption in NR email reflector. In our view, it is preferred that RF ON/OFF and RF direction by the UE for the reserved resources is up to UE implementation and also, whether to achieve a forward compatibility fully even when RF is ON may be RAN4 task.
If a reserved resource overlaps with a region where reference signals for channel measurements are configured, channel measurements by the reference signals within the overlapped region can be skipped (or punctured). For another example, if a reserved resource overlaps with a region for NR PDSCH transmission and a reserved resource by the RRC signaling has a priority compared to the NR PDSCH by UE specific DCI, the PDSCH can be rate matched around the overlapped region. If UE specific DCI signaling to schedule a PDSCH has a priority compared to a RRC signaling to indicate the reserved resource, a gNB need to schedule the PDSCH to not overlap with the reserved resource which may cause scheduling burdens. Also, in case of LTE-NR coexistence, if certain OFDM symbols in a slot need to be protected for LTE channels/signals and they are indicated as reserved resources to NR UEs, specified/configured NR channels/signals in the reserved resource can be rate-matched or punctured. 
As a result, a reserved resource by a RRC signaling has a priority compared to NR channels/signals by other UE specific DCI/RRC signaling and therefore, NR UE behaviors for NR channels/signals on overlapped regions with reserved resources should be defined depending on NR channels/signals.
Proposal 4: A reserved resource has a higher priority than NR channels/signals by other DCI/RRC signaling. 
Proposal 5: NR UE behaviors for NR channels/signals on overlapped regions with reserved resources should be defined depending on NR channels/signals.
3 Conclusions 

This contribution discusses discussed aspects about signaling of reserved resources, a priority between reserved resource and NR signals/channels and NR UE procedures for the reserved resources and proposes the following depending on the discussion:
Proposal 1: Time domain granularity in a slot or an OFDM symbol is supported for reserved resource indication to NR UEs.

Proposal 2: Frequency domain granularity in a PRB or multiple PRBs is supported for reserved resource indication to NR UEs. 
Proposal 3: Both cell-specific and UE-specific RRC signaling are supported for reserved resource indication to NR UEs.

Proposal 4: A reserved resource has a higher priority than NR channels/signals by other DCI/RRC signaling.
Proposal 5: NR UE behaviors for NR channels/signals on overlapped regions with reserved resources should be defined depending on NR channels/signals.
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