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1 Introduction

In RAN1# 87 meeting [1], reserved resources was discussed and the following agreement was achieved:
· At least some reserved resources are indicated by using at least RRC signalling.
In RAN1 #90 meeting [2], the following working assumption was given:
· ‘Unknown’ resource is ‘flexible’ and can be overridden at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) same as ‘Reserved’ if not overridden.

· ‘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 address some further considerations on reserved resources. This is a revision of R1-1715428.
2 Discussion
2.1 Granularity of reserved resources

As stated in [3], motivations and use cases for explicit signalling for reserved resources include
· No restriction of reserved resource configuration,
· Multiplexing of verticals with various features,
· Interference sensing from multiple TRP/UEs,

· Dynamic change of TX/RX BW in case LTE co-existence,

· Co-existence with legacy GSM/UMTS systems in the same spectrum. 
Since different scenarios have different design requirements, it is beneficial that the design of reserved resources is flexible enough in both time and frequency domain. In the following, three typical use cases to support reserved resources are discussed.
Use case #1: Forward compatibility
The most typical use case for reserved resources is from a forward compatibility perspective. It is beneficial to support other new services or features introduced later by using new techniques for network operation flexibility. There was a common understanding that reserved resources are used for supporting new systems and future services/applications. It is also possible to allow the time-frequency resources reserved in NR for supporting future services/applications and new systems, leaving an open door for future uses and techniques. For example for some vertical applications like sensor in the base station. It is needed that enough bandwidth (for instance 80 MHz) is allocated to guarantee the sensing accuracy. To this date, RB level resource reservation in frequency domain should be supported.
Use case #2: Coexistence between NR and LTE
As agreed in [1] the coexistence between NR and LTE operating legacy LTE features should be supported. One typical coexistence scenario is shown in Figure 1, where NR and LTE occupy different subbands in FDM fashion. Similar to use case #1, RB level resource reservation in frequency domain should be supported in this scenario. Obviously, this use case can be considered as a subset of the above one and can be well supported as long as the general case 3 is supported with sufficiently fine time-frequency granularity.
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Figure 1 Coexistence between LTE and NR
Another typical scenario could be that NR and LTE share the same resources. In this case, maximizing the spectrum utilization for NR would require reserving only the minimum amount of resources that LTE system requires for operating and providing support for initial access and normal data transmissions to legacy LTE UEs. Reference signals that LTE needs to continue transmitting are CRS and periodic SRS. It is clear that RE level (e.g. CRS REs) can be supported to further increase the spectrum utilization of NR, but the impact on the NR mapping of reference signals, control and data channels should be considered. 
Use case #3: BWP overlapping & intra/inter-cell measurement
Both intra-cell and inter-cell RRM/interference measurement are supported in NR, as shown in Figure 2. If bandwidth parts configured for different UEs are allowed to be partially/fully overlapped, there may exist cases that the resources used for RRM/interference measurement by one UE are as interference to other UEs. These resources should thus be signalled as reserved resources and either puncturing or rate matching is done around the resources. Note that usually just a few symbols are enough for transmitting/receiving reference signals for RRM/interference measurement. Moreover, it was agreed that bandwidth part is configured for a UE in terms of PRBs. As a result, from the perspective of guaranteeing enough resources can be left for data transmission, it is suggested that the reserved resources are signalled on a per symbol level in time domain and a per RB (group) level in frequency domain. Furthermore, resource reservation in terms of RE pattern can also be supported to achieve tradeoff between resource efficiency and adjacent interference cancellation.
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Figure 2 Illustration of BWP overlapping & intra/inter-cell measurement
Proposal 1: Support resource reservation on a symbol level in time domain and a PRB (group) level in frequency domain.
Proposal 2: Support resource reservation in terms of RE pattern.
2.2 Indication for reserved resources

To summarize, resource reservation is configured for at least the three scenarios 

· Forward compatibility in RB (group)-level and symbol-level
· Matching specific LTE/NR channels in RB (group)-level and symbol-level
· Matching specific LTE/NR signals in RE pattern-level

Therefore, a unified design of RRC signalling for indication of RB (group)/symbol/RE pattern-level reserved resources should be considered. The RRC signalling to configure should at least include the following
· Step 1: RE pattern allocation with the respect to RB (group) in frequency domain and symbol in time domain
· RB (group) indices in frequency domain

· Symbol indices in time domain

· Step 2: Optionally, RE pattern configuration implicitly derived from the following parameters

· rs-PortsCount
· rs-FreqShift

· rs-Density (Optional)

Signalling step 2 is optional information in the RRC signalling which means it may not be included when resource indication is only in terms of RB (group) in frequency domain and symbol in time domain.
Proposal 3: Adopt a two-step indication of reserved resource including:
· Step 1: RE pattern allocation in terms of RB (group) and symbol
· Step 2: Optionally, RE pattern configuration

Bandwidth part (BWP) was agreed [4] to be configured using dedicated (UE-specific) RRC signaling for UE not capable of supporting the carrier bandwidth. There are likely common understanding that UE does not need to be aware of the signalling outside of its configured BWP. As a result, at least dedicated (UE-specific) RRC signalling should be supported for indicating reserved resources.
Proposal 4: Dedicated (UE-specific) RRC signaling should be supported for indicating reserved resources.
In addition to already agreed RRC signalling [1], there are some discussions on dynamic indication for reserved resources, e.g., through ‘unknown’ symbol(s) indicated by “group-common PDCCH” carrying slot format related information (SFI). To our understanding, unless significant benefit was shown there is no need for explicit dynamic indication for reserved resources at this stage. In another word, there is no need to define ‘reserved’ symbols within ‘unknown’ symbols. If UE need to be aware that some ‘unknown’ symbols are used for resource reservation, one alternative is that gNB informs UE using some other explicit indication semi-statically.

For periodic CSI-RS/SRS, it is straightforward that the reserved resources should be semi-statically configured. On the other hand, although aperiodic CSI-RS/SRS is activated/deactivated using DCI, unless significant performance gain is shown at the cost of additional signalling overhead, the reserved resources can be configured semi-statically. This is similar to multiplexing of PUSCH and SRS in LTE. There were some discussions on dynamic coexistence between NR and LTE in FDM fashion. However, even in this case there is no strong motivation to support dynamic indication for reserved resources. On the contrary, such dynamic coexistence can be implemented through carrier aggregation and bandwidth adaptation. In the upper half of Figure 3 when LTE SCell is on, two NR carriers, i.e., NR carrier 1 and NR carrier 2 are activated. In the lower half of Figure 3 when LTE SCell is off, NR carrier 2 is deactivated and NR carrier 1 is enlarged through bandwidth adaptation. On the other hand, for protection of CRS, periodic SRS, PBCH, PDCCH for SIB scheduling and periodic PUCCH, semi-statically configured reserved resources can be enough.
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Figure 3 CA and BW adaptation for implementation of coexistence between NR and LTE
Proposal 5: Benefit should be clarified before explicit dynamic configuration for reserved resources is supported.
Consider an agreed scenario where reserved resources are configured within a BWP. In LTE, an antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. However in this case, the reserved resources may result in time-domain and/or frequency-domain discontinuity among partitioned parts. As a result, interpolation in either time-domain or frequency-domain among reference signals even for the same antenna port will lead to CSI measurement inaccuracy. For frequency-domain, it can be a gNB implementation issue to configure multiple CSI resources if subband level CSI measurement and feedback are supported. However, it will be an issue for time time-domain. To this date, whether in time domain the channel on one symbol (group) can be inferred from the channel on another symbol (group) should be informed to the UE configured with the BWP. In another word, phase continuity/discontinuity among different partitioned parts should be informed to the UE configured with BWP with reserved resources.
Proposal 6: Phase continuity/discontinuity among different partitioned parts should be informed to the UE configured with the BWP with reserved resources.
3 Conclusion
Proposal 1: Support resource reservation on a symbol level in time domain and a PRB (group) level in frequency domain.
Proposal 2: Support resource reservation in terms of RE pattern.
Proposal 3: Adopt a two-step indication of reserved resource including:
· Step 1: RE pattern allocation in terms of RB (group) and symbol

· Step 2: Optionally, RE pattern configuration

Proposal 4: Dedicated (UE-specific) RRC signaling should be supported for indicating reserved resources.
Proposal 5: Benefit should be clarified before explicit dynamic configuration for reserved resources is supported.
Proposal 6: Phase continuity/discontinuity among different partitioned parts should be informed to the UE configured with the BWP with reserved resources.
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