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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to arrangement of forward compatibility resources (FCR) for NR UEs. In RAN1 #86bis, the following agreements related to forward compatibility were made:
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

Agreements:
· To support the efficient coexistence between NR and LTE operating in the same licensed frequency band,
· At least legacy LTE features should be considered in the NR study, e.g.:
· MBSFN configuration (for LTE Rel-8 and beyond)
· TDD UL subframe (for LTE Rel-8 and beyond)
· SCell activation/deactivation (for LTE Rel-10 and beyond)
· TDD UL subframe configured by eIMTA feature (for LTE Rel-12 and beyond)
· NR should study the following candidate mechanisms for coexistence:
· Resource indication (e.g., blank resources, available resources, etc.) of time/frequency resources
· Reconfiguring channel bandwidth/carriers monitored by UEs
· Any other mechanisms are not precluded.
· For non co-located LTE/NR case, backhaul signaling between LTE and NR can be studied to mitigate inter-cell interference.
· FFS on which information can be conveyed on the backhaul signaling
· Over-the-air listening at the gNB can also be considered
· Note: Dynamic switch between NR and LTE can be studied from the perspective of network for co-located LTE/NR case.

In this contribution we discuss the scenarios and potential solutions for indicating forward compatibility resources in NR.
2	Discussion
As discussed in [3] the key building blocks behind forward-compatible lean carrier design are
· Efficient discovery signaling together with cell on/off mechanism. 
· Decoupling dedicated control and data channel processing from RS used for processing common control signaling.
· Allocation of DMRS and CSI acquisition signals in UE specific manner.
· Confining DMRS for the physical channel inside the resource allocation region of the channel.
· Defining downlink and uplink control and data channels as well as reference signals in block based manner. 
These components allow minimizing always-on signaling and enable flexible system resource usage both in downlink and uplink.
Proposal #1: Consider lean carrier minimizing always-on signalling with block based channel and reference signal design as the baseline solution for forward compatibility.

Obviously, lean carrier approach alone cannot support all potential forward compatibility scenarios in the NR. In the preferred case, any DL/UL resource element should be able to be used as FCR. Figure 1 illustrates two exemplary scenarios that require attention in forward compatibility design:
1. Narrowband FCR: An example of narrowband FCR is a NB-IoT (Narrowband Internet of Things) 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. 
2. Wideband FCR: An example of wideband FCR 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.
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Figure 1. Exemplary scenarios for FCR

FCR principle can be used also to support the efficient coexistence between NR and LTE (or other legacy systems including GSM/UMTS) operating in the same licensed frequency band. This needs to be considered as one important scenario when indicating FCR resources to NR UEs. 
Observation #1: It should be possible to configure any DL/UL resource element as forward compatible resource

3	FCR signalling options
As said, it was decided in RAN1 #86bis that “Explicit signaling to NR UEs can indicate reserved resources”. There are different signalling options available as discussed in Section 4. When certain resource element is considered as FCR, the UE may consider it as blanked/unavailable resource. This means that the related RS is punctured/dropped and data is rate matched around the FCR. The advantages of explicit signalling include:
· It allows maximizing the FCR resources in the carrier. Hence, it can be flexible enough to cover all potential forward compatibility scenarios in the future.
· It can support also short time but wide band and narrow band but long time FCR allocations.
· Explicit signaling can minimize the overhead due to FCR.

Proposal#2: When certain resource element is considered as FCR, the related RS is punctured/dropped and data is rate matched around the FCR.

Implicit signalling can be considered as a BS implementation –specific way to provide FCR. Following this approach, BS does not schedule any data/control on resource elements considered as FCR. The problem of implicit signalling is that it has quite limited capabilities compared to explicit signalling. For example, it does not allow muting of periodical CSI acquisition signals (such as CSI-RS, SRS). Furthermore, implicit signalling may not have sufficient resource allocation granularity for indicating FCR in the scenarios depicted in Figure 1 (at least with reasonable resource allocation overhead). This may increase also the overhead due FCR. Also the scheduling has its limitations what comes to short time but wide band or narrow band but long time allocations. 
Observation #2: Implicit signalling can be considered as a BS implementation –specific way to provide FCR

4	Options for explicit indication of FCR
4.1. 	Common signalling
There are two main approaches for explicit indication of FCR based on common signalling:
· Option #1: Higher layer signaling such as PBCH or System information
· Option #2: PHY signaling such as common DCI/PDCCH

MBSFN configuration used in LTE can be seen as an example of Option #1. It can be used only for scenarios where FCR configuration is semi-static. Hence, it cannot be used in the scenarios where FCR configuration changes dynamically. Furthermore, the signaling overhead may be considerable, especially if it’s used for indicating FCR in both frequency and time with high granularity. However, regardless of the limitations of Option#1, it can be seen as a feasible option for some limited scenarios. For example, it may be used to indicate that spectrum edge(s) of the NR carrier are configured as FCR as shown in Figure 2.
Proposal #3: Support broadcast higher layer signalling as one option for indicating FCR.
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Figure 2. Exemplary scenarios for FCR

Common DCIs defined for eIMTA and eLAA can be seen as examples of Option #2. In these scenarios, the indicated UL resources can considered as FCR. Generally speaking, it can be noted that Common DCI does not suit very well for indicating FCR resources. The problems of this approach include:
· Relatively high signaling overhead (relative to FCR allocation granularity)
· Additional UE burden to detect common DCI
· Error cases. For example, the UE may not always detect common DCI properly. 
Based on those arguments, it can be concluded that common DCI signaling has only limited opportunities for indicating FCR in the NR scenarios.
Observation #3: Common DCI signalling has only limited opportunities for indicating FCR in the NR scenarios.

4.2. 	Unicast signalling
In order to minimize the signaling burden, and to provide sufficient reliability for FCR signaling, it makes sense to define FCR using dedicated higher layer signaling (such as RRC). This is a robust solution, which does not suffer from error cases. An example of periodical FCR configuration is shown in Figure 3.
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Figure 3. Periodical FCR configuration.

Generally speaking, FCR resources can be configured in UE group/UE/signal/channel –specific manner. There can be also more than one FCR configuration for an UE group/UE/channel/signal. The BS may select the actual FCR configuration by L1 DL signaling (such as DCI) based on the instantaneous FCR needs. FCR resources can be defined e.g. using the subcarrier resolution corresponding to minimum subcarrier spacing and/or symbol resolution corresponding to maximum subcarrier spacing, respectively. Another approach is to use PRB resolution with predefined numerology. Figure 4, shows two exemplary FCR configurations, which could apply e.g. to PDSCH detection. 
· Config #0 corresponds to the case where FCR is disabled
· Config #1 is used when two predefined PRBs are used FCR.
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Figure 4. Example with multiple FCR configurations


Proposal #4: Support UE group/UE/signal/channel specific higher layer signalling as another option for indicating FCR 
Proposal #5: Consider multiple FCR configurations per UE group/UE/channel/signal, selectable by L1 DL signaling 
5	Conclusions
In this contribution we have discussed further details for the scenarios and potential solutions indicating forward compatibility resources. Based on the discussion, we make the following proposals and observations: 
Observation #1: It should be possible to configure any DL/UL resource element as forward compatible resource.
Observation #2: Implicit signalling can be considered as a BS implementation –specific way to provide FCR.
Observation #3: Common DCI signalling has only limited opportunities for indicating FCR in the NR scenarios.

Proposal #1: Consider lean carrier minimizing always-on signalling with block based channel and reference signal design as the baseline solution for forward compatibility.

Proposal #2: When certain resource element is considered as FCR, the related RS is punctured/dropped and data is rate matched around the FCR.

Proposal #3: Support broadcast higher layer signalling as one option for indicating FCR.
Proposal #4: Support UE group/UE/signal/channel specific higher layer signalling as another option for indicating FCR. 

Proposal #5: Consider multiple FCR configurations per UE group/UE/channel/signal, selectable by L1 DL signaling. 
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