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1 Introduction

At the last RAN1 #86 meeting, it was agreed to further study the benefit and mechanism of indicating reservation resources at least for forward compatibility. In this contribution, we propose that such a functionality should be supported by NR and discuss potential use cases and signaling options. 
	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
· …


Conclusions:

· Further study

· how to multiplex mini slot and slot

· the benefit and mechanism of indicating blank resources at least for forward compatibility perspective



2 NR frame structure for forward compatibility
In LTE Rel. 8, MBSFN subframes were specified for forward compatibility with respect to MBMS services. The MBSFN subframe configuration is broadcasted in a cell-specific manner and informs UEs of all LTE releases about subframes which exhibit a special structure. In particular, MBSFN subframes are partitioned into a non-MBSFN region at the beginning of the subframe and an MBSFN region at the end of the subframe whereby only the non-MBSFN region is identical with a normal downlink subframe. The MBSFN region, on the other hand, is reserved for PMCH transmissions to UEs interested in MBMS services. This allowed LTE Rel. 8 UEs to understand that certain subframes do not contain cell-specific reference signals since PMCH transmissions rely on special MBSFN-RS that is transmitted in an SFN manner. The non-MBSFN region of an MBSFN subframe allows the eNB to schedule UL transmissions and was thus well justified in LTE Rel. 8. 
In LTE Rel. 10, heterogeneous networks with cell range expansion were introduced. This feature required the specification of another special subframe type, so-called almost blank subframes (ABS). As they name suggests, these subframes are not completely blank and contain at least CRS in the non-MBSFN region. In other words, LTE does not support DL subframes without any transmissions at least on primary component carriers. This has severely hampered the forward compatibility and feature development of LTE from the outset and it is still an issue almost ten years later.
For NR, it has thus been agreed that always-on signals like the cell-specific reference signal in LTE should be avoided for reasons of energy efficiency, interference reduction but also forward compatibility. It could thus be argued that all NR subframes are blank by default and unless a UE is informed about a transmission (DL data, CSI-RS …) it should not make any assumption about the presence of any signals and channels. While this is true, there could still be a benefit in informing a UE about the fact that a subframe is blank, e.g., for reasons of battery power consumption and energy efficiency. 
For example, at the last RAN1 meeting it was agreed to support semi-static TDD UL/DL configurations in NR. Strictly speaking, it is not necessary to inform a UE about the TDD UL/DL configuration of a cell even if it is semi-static. Whereas TDD UL/DL configurations need to be signaled between eNBs for inter-cell interference coordination, UEs could simply follow the DL and UL assignments received on the PDCCH and receive [transmit] PDSCH [PUSCH] accordingly. There is no need to actually inform a UE in advance that a certain subframe is DL or UL. Such a design, however, means that UEs would try to blindly decode the PDCCH even in UL subframes since without an UL grant, the UE would have no knowledge about the transmission direction of the subframe. In contrast, when the UE is configured with a TDD UL/DL configuration, assuming it has no valid UL grant, it can go to micro-sleep and does not need to blindly decode the PDCCH in UL subframes. 

The same argument could be made for blank subframes in NR. A UE could simply try to blindly decode the PDCCH in every DL subframe, if it successfully decodes DCI, it receives PDSCH and potentially other signals according to the payload of the DCI, i.e., it is explicitly informed about any DL transmissions. The eNB MAC scheduler can then dynamically reserve resources by simply not scheduling any DL transmissions. The drawback of this approach is the same as with the above example of semi-static TDD. UEs cannot go to micro-sleep during semi-statically reserved resources as they have no prior knowledge about which subframe is permanently reserved for another service.
At the last RAN #73 plenary meeting, a number of important NR features was deprioritized including mMTC, wireless relay, sidelink, long distance communications, and MBMS [1]. At least for some of these services it could make sense to semi-statically reserve resources at least in some deployment cases. For example, some of these services may have a different numerology, frame structure, or coverage requirement. Particularly for mMTC, long transmission bursts are necessary due to the thousands of repetitions required to reach the target MCL. Configuration of reserved resources would enable the network to configure gaps in these bursts which can be used to multiplex other services with low latency or wideband characteristics. 
Hence, there are many use cases for signaling to a UE the presence of semi-statically configured reservation resources. However, since some of these use cases mainly optimize the UE power consumption whereas in LTE a mechanism was needed that lets the eNB turn off the transmission of CRS in some subframes, it may not be necessary to broadcast these reservation resources in the system information as is the case with MBSFN subframes in LTE. Rather they can be RRC configured, e.g., during RRC connection setup or RRC connection reconfiguration. We thus propose that semi-static signaling of reservation resources in NR is supported. This is also exemplified in Figure 1a below.

Proposal 1: NR supports semi-static signaling of reservation resources.

In addition to semi-static signaling of reservation resources, it is also beneficial to support dynamic signaling of reservation resources within a slot. As illustrated in Figure 1b, a NR slot comprises various time intervals:
· The DL control region span indicated by the CFI

· The transmission duration of PDSCH and PUSCH

· The DL control region span

· Any gaps that are present

· …

In addition, there are several ways to describe these intervals. For example, both the first and last OFDM symbol could be specified or, alternatively, either only the first or only the last OFDM symbol could be indicated together with a duration in number of OFDM symbols. It is also possible to specify some intervals implicitly, e.g., a given interval always spans the remaining symbols left within the slot. The exact signaling details can be left FFS and can be decided as part of the channel and DCI design. From a frame structure and forward compatibility perspective though it should be possible to support deployments like the ones depicted in Figure 1b to allow reservation resources even within a slot.
Proposal 2: NR supports dynamic signaling of reservation resources within a slot.
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Figure 1: Examples of semi-static and dynamic signaling of reservation resources within a slot
It should be noted that this features does not necessarily come at the expense of additional specification support. For example, the DCI could simply indicate the PDSCH starting symbol, a feature already supported for CoMP in LTE Rel. 10 (see Figure 1b). To minimize DCI overhead and maximize PDCCH coverage, the number of DCI bits that indicates the PDSCH starting symbol (respectively, the gap length) could be RRC configured similarly to the presence of the CIF bits in the DCI to support cross-carrier scheduling in LTE Rel. 10. Thereby, the network can control whether the PDSCH always follows the CFI, whether small gaps are supported similar to the LTE Rel. 10 use case in TM10 to facilitate CoMP with dynamic CFI, or whether larger gaps can be signaled to multiplex future services and features with unknown requirements without impacting legacy performance and behavior. Generally, however, such signaling details can be discussed as part of the NR channel and signaling design and many different possibilities can be envisioned (PDSCH starting symbol indication, gap size indication, PDSCH duration indication …). 
In theory, it is also possible to signal reservation resources at a granularity smaller than that of an OFDM symbol, i.e., on a resource element basis. For example, the Rel. 10 zero-power CSI-RS configurations could be interpreted as such an example. Generally, these are patterns that allow to control PDSCH rate matching behavior whereby the resulting blank resources can be used for measurements, transmission of other signals, and so forth. In the scope of forward compatibility, since requirements and design of future services are still unknown, such an approach would mean that NR allows for RRC configuration of any possible RE pattern from the outset. There obviously is a trade-off between signaling overhead, UE complexity, and degree of forward compatibility. At this point, the need for RE level reservation of resources within a slot is not evident at least from a forward compatibility perspective. 
Observation: At this point, the need for RE level reservation of resources within a slot is not evident at least from a forward compatibility perspective
From the discussion so far it is clear that indication of reservation resources can serve many purposes and to some extent this feature is already supported in LTE Rel. 11 (viz. the PQI bits in the DCI for TM10 or the semi-statically configured EPDCCH starting symbol in the EPDCCH set RRC configuration). For some use cases, it suffices to signal reservation resources in a UE-specific manner, e.g., only if a UE has to receive PDSCH or transmit PUSCH it is informed about the reservation resources within a slot. For other use cases, however, it is beneficial to signal the reservation resources in a cell-specific manner. For example, if reservation resources ought to be used to dynamically multiplex future services and features into the NR frame structure, this would apply to all UEs and thus it could be more efficient to signal them in a cell-specific manner. In particular, knowledge about dynamic reservation resources may also be beneficial to UEs without a valid grant for data transmission, e.g., to dynamically control measurement restrictions in the presence of other services that are multiplexed into the NR frame structure. Hence, both signaling mechanisms should be supported by NR. Since both UE-specific and cell-specific signaling of dynamic reservation resources within a slot may only be needed if such future services and features are actually configured in a given NR carrier, whether or not a UE should monitor for the UE-specific or cell-specific indication of dynamic reservation resources within a slot should also be configurable. There is no need to increase the DCI overhead to signal the presence of dynamic reservation resources if the network is not multiplexing future services or features in a given NR carrier. 
Proposal 3: NR supports both cell-specific and UE-specific dynamic signaling of reservation resources within a slot.

Proposal 4: It should be possible to operate NR without dynamically signaling reservation resources.
3 Conclusion

This contribution discussed how NR frame structure can achieve forward compatibility. The following proposals are made:
Observation: At this point, the need for RE level reservation of resources within a slot is not evident at least from a forward compatibility perspective
Proposal 1: NR supports semi-static signaling of reservation resources.
Proposal 2: NR supports dynamic signaling of reservation resources within a slot.

Proposal 3: NR supports both cell-specific and UE-specific dynamic signaling of reservation resources within a slot.

Proposal 4: It should be possible to operate NR without dynamically signaling reservation resources.
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