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1 Introduction

At the RAN1#86bis meeting, the following agreements were made regarding reserved resources for forward compatibility [1]: 

· 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

During RAN1 #90 meeting, the following was agreed as a working assumption [2]:
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

In this contribution, we present our view on further details of resource reservation for forward compatibility in NR.  

2 Resource allocation of reserved resources
Configuration of reserved resource in time and frequency 
For configuration of the reserved resources in time domain, slot offset and periodicity can be configured for periodically occurring reserved resources. To further provide finer granularity, the starting symbol and duration of reserved resources can be configured within the configured slots. Note that the symbol or slot index can be defined according to the reference numerology, e.g., which is employed for the transmission of SS block.

In frequency domain, DL or UL frequency resource allocation type as defined in NR can be reused to indicate the reserved resource. For instance, resource allocation type based on RBG can be used to indicate the reserved resources that may or may not be contiguous in frequency. The RBG size may be defined depending on carrier bandwidth or BWP bandwidth. Further, a common PRB indexing can be employed for frequency resource indication. 
During the previous RAN1 meeting, the potential need for RE-level resource reservation was also discussed. One such example use case is for reservation of REs corresponding to LTE CRS. For RE-level resource reservation, it can be expected that such RE-level resource reservation can be configured within a region defined by a PRB in frequency and slot duration in time. 

Considering the above resource reservation granularities possible depending on use cases, a single resource configuration framework that can scale from resource reservation at RE-level to reservation of the entire BWP or CC (for certain symbols or slots) or reservation of certain PRBs or subcarriers for all time-slots is desirable.

Towards this, reserved resources can be configured as a combination of the following steps:

1. Reserved resource configuration in time at the slot-level

a. This can be achieved as described above in terms of slots or groups of slots, e.g., using a time-domain periodicity and offset.
2. Reserved resource configuration in frequency at the PRB-level
a. This can be achieved as described above, e.g., by identifying the PRBs intended for resource reservation for contiguous or non-contiguous sets of PRBs, e.g., via PRB-level starting PRB and number of PRBs, or starting and ending PRBs, or non-contiguous sets of PRBs using RBG-level identification
3. For the identified time (slot-level) and frequency (PRB-level) resources, by default the UE assumes the entire PRB by slot as being reserved.

4. The gNB can additionally identify the set of REs within a PRB by slot region that the UE should assume as being reserved, and in that case, the default assumption of step 3 does not apply.

Thus, if for a particular reserved resource configuration, the gNB configures reserved resources using Step 4 above, then the UE shall assume only the identified REs as reserved for all the PRBs and slots identified using steps 1 and 2.

Proposal 1
· For configuration of reserved resources: 

· In time domain, slot offset and periodicity can be configured. 
· In frequency domain, PRB or RBG-level granularity can be configured.

· The UE can be optionally configured to identify certain REs within a PRB by slot region, and in this case, the UE shall assume only the identified REs as reserved for all the PRBs and slots identified.
· Else, the UE shall assume all REs within the identified slots for the identified PRBs as reserved. 
Furthermore, some options for the indication of RE-level resources within a PRB by slot region include:

· a 2-dimensional bitmap covering the PRB by slot region,
· two 1-dimensional bitmaps of lengths 12 (subcarriers) and 14 (symbols) respectively, 
· indication of specific (pre-defined) RE patterns within the PRB by slot region,
· indication of a set of contiguous or non-contiguous symbols and set of contiguous or non-contiguous subcarriers within the PRB by slot region.

A suitable choice considering an appropriate trade-off between signaling overhead and flexibility is necessary. 

In the case of carrier aggregation, the configuration for reserved resources can be extended for multiple CCs. Further, the reserved resources in SCCs can be configured by PCC. For each UE, the CC indexes used for the configurations of the reserved resources can be configured via UE specific RRC signalling.
Proposal 2
· In case of carrier aggregation, configurations of reserved resources for SCCs can be configured by PCC.
Priority order of reserved resources
As mentioned above, reserved resources may serve different purposes or use cases for future release, e.g., mMTC or sidelink. It is expected that different time or frequency domain span or different periodicities may be defined for different applications. In this regard, it may not be desirable to signal a single configuration for the reserved resources which is a union of resources for different applications/use cases. 

To ensure forward compatibility of different features, multiple reserved resources may be configured or indicated in a cell specific or UE specific manner. As shown in Figure 2, a first reserved resource may be configured for sidelink while a second reserved resource may be configured for mMTC applications.  
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Figure 1. Multiple reserved resources
In case when multiple reserved resources partially or fully overlap in time and frequency domain, it is desirable to define a priority order for different reserved resources. UE would be informed of the priority order of the signals and channels that it would need to receive and transmit. Based on the priority order of the signals and channels, UE would assume that the signals and channels with lower priority would not be allocated resources that are configured with higher priority.
Proposal 3
· Multiple reserved resources can be configured to ensure forward compatibility and future extension.
· It is desirable to define priority order for different reserved resources.
3 UE behaviour on reserved resources
It has been agreed that reserved resources cannot be over-ridden by DCI/SFI indication. However, given that SS block is used for DL synchronization and RRM measurement, it is critical to protect the transmission of SS block for proper system operation. More specifically, actual transmitted SS block should have higher priority than the reserved resources. 
Similarly, higher priority should be given to CORESET(s) for scheduling of RMSI and OSI as well as the corresponding scheduled PDSCH.
Proposal 4
· Actual transmitted SS block has higher priority than the configured reserved resources.

· CORESET(s) for scheduling of RMSI and OSI and the associated PDSCH have higher priority than the configured reserved resources.

4 Conclusions

In this contribution, we shared our view on resource reservation for forward compatibility in NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· For configuration of reserved resources: 

· In time domain, slot offset and periodicity can be configured. 
· In frequency domain, PRB or RBG-level granularity can be configured.

· The UE can be optionally configured to identify certain REs within a PRB by slot region, and in this case, the UE shall assume only the identified REs as reserved for all the PRBs and slots identified.

· Else, the UE shall assume all REs within the identified slots for the identified PRBs as reserved. 
Proposal 2
· In case of carrier aggregation, configurations of reserved resources for SCCs can be configured by PCC.
Proposal 3
· Multiple reserved resources can be configured to ensure forward compatibility and future extension.
· It is desirable to define priority order for different reserved resources.
Proposal 4
· Actual transmitted SS block has higher priority than the configured reserved resources.

· CORESET(s) for scheduling of RMSI and OSI and the associated PDSCH have higher priority than the configured reserved resources.
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