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Introduction
Based on the following agreements [1, 2], NR is expected to support explicit indication of reserved resources at least by higher-layer signaling.
	Agreements from RAN1 #86bis:
· 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 from RAN1 #87:
· At least some reserved resources are indicated by using at least RRC signaling



In this contribution, we investigate three use cases where the resource reservation is necessary or helpful including the forward compatibility aspect and discuss the specification impact of supporting each identified use case. In particular, focus will be mainly on how the NR resource reservation has connection with the support of eMBB and URLLC multiplexing.

Discussion
eMBB and URLLC multiplexing
The NR resource reservation can efficiently support the multiplexing of eMBB and URLLC. In the DL case, although the resource preemption mechanism for the URLLC transmission is being discussed as a top priority, this should be one of options from our perspective. While the preemption technique provides the best performance in terms of the latency and the reliability, it also complicates the scheduler and the eMBB UE’s receiver processing. Partial TB retransmission and/or preemption indication may also be required for a successful eMBB TB reception.
On the other hand, by reserving some URLLC resources in advance, the eMBB data and the URLLC data can be transmitted on separate resources. That is, the URLLC data can be transmitted on the reserved resources while the eMBB data can be transmitted on the remaining resources by rate matching the reserved resources. This approach is feasible when the URLLC requirements are not extremely tight, e.g., one or several milliseconds of UP latency, and can greatly simplify the overall operation. Note that not all 5G URLLC services will require the RAN-level UP latency target of 0.5ms. The advantage comes at the price of potential spectrum efficiency loss when some of the reserved resources are not actually used due to less arrival of URLLC traffic, but the loss can be managed to be small in the case where the URLLC traffic is sporadic.
The eMBB and the URLLC transmissions can be multiplexed in the same carrier either from a network or a UE perspective. In the following, several options for the URLLC resource reservation in each case are discussed.
First, from the network perspective, one approach (Opt. 1) for splitting the eMBB and the URLLC resources is to introduce the UE-specific signaling for the resource reservation. Fig. 1(a) illustrates the concept of Opt. 1, where the same resource (referred to as Resource A) is configured with different usages to different UEs. That is, Resource A can be configured as a reserved resource for eMBB UE and at the same time it can be configured as a PDSCH region for URLLC UE. While the eMBB UE assumes no data transmission on Resource A and that the PDSCH is rate matched around it, the URLLC UE can expect the PDSCH scheduling on Resource A. 
Another approach (Opt. 2) is that the configuration of the NR resource reservation itself is cell-specific but its interpretation is UE-specific or UE group-specific. Assume that Resource A is configured as a reserved resource for all UEs. Then, the eMBB UE can interpret this resource as a blank resource, while the URLLC UE can expect that a PDSCH can be scheduled in this resource by interpreting it as a reserved resource for URLLC.
Both the two options are considered to be feasible, but Opt. 1 is slightly preferred since it can support the resource reservation for URLLC in a specification transparent way. The only specification impact of Opt. 1 is to introduce the UE-specific signaling for the resource reservation, which is also motivated from other use cases. Meanwhile, in Opt. 2, details of how the URLLC UEs interpret the reserved resources, e.g., the relation among the reserved resource, PDCCH monitoring occasion, and PDSCH duration, may need clarification. 
Observation 1: The eMBB and URLLC multiplexing based on URLLC resource reservation can be realized by UE-specific indication of reserved resources.
Proposal 1: The NR reserved resources can be UE-specifically configured.



Fig. 1.Multiplexing of eMBB and URLLC in DL based on resource reservation

On the other hand, the eMBB and the URLLC should also be supported for one UE in the same carrier considering the resource efficiency and the wideband carrier operation. For example, a UE can be configured with two bandwidth parts (BWPs), one for eMBB and the other for URLLC. The two BWPs can be activated at the same time and overlapped in frequency for efficient spectrum utilization.
The URLLC resource can be reserved separately from the eMBB resource in this case as well. In this case, UE can be configured with the reserved resource for each BWP. For example, as described in Fig. 1(b), the same resource (Resource B) can be configured as a reserved resource for BWP 1 and at the same time can be configured as a PDSCH region for BWP 2 for the same UE. Then, UE can simultaneously receive the eMBB PDSCH on the resources except Resource B in BWP 1 and the URLLC PDSCH on Resource B in BWP 2. This is very similar to Opt. 1, and only the difference is whether the signaling is per UE or per BWP. In the same UE case, the UE behaviour on the reserved resource as well as the signaling should be defined per each BWP. The overall specification impact is minimal.
Proposal 2: The NR reserved resource signaling and the related UE behaviour are defined per each bandwidth part. 

Forward compatibility
There are many unidentified NR scenarios which may operate on some dedicated resources but within a NR band such as D2D, MBMS, enhanced UE positioning, mMTC, etc. On top of them, in order to prolong the life expectancy of the 5G network, NR should support flexible coexistence with other RATs, especially with non-3GPP RATs. To accommodate the potential in-band intra-/inter-RAT resource sharing scenarios, the NR should provide a method to reserve blank resources with a sufficiently large flexibility. In other words, the minimum time-frequency resource granularity of the resource reservation should be fine enough even though it increases the signaling overhead. It is preferred to support a symbol-level granularity in time and a PRB- or PRB group-level granularity in frequency.
Proposal 3: The minimum resource granularity for the NR resource reservation is one symbol in time and one PRB in frequency.

In-band NB-IoT
In order to satisfy the 5G requirement on the massive connectivity, e.g., 106 device connection per km2, for machine-type services, all the three NB-IoT scenarios, i.e., in-band, out-band, and standalone modes, are expected to be extensively deployed in the future. Therefore, the NB-IoT carriers will be embedded in NR carriers as well as the LTE normal carriers. To protect the NB-IoT signals in LTE, the LTE data channel is not scheduled on the NB-IoT carrier bandwidth and some of LTE control channels and reference signals are rate matched by the NB-IoT signals. However, NR signals and channels will have different patterns and positions which cannot be dealt with at the NB-IoT side. 
Accordingly, the subbands for the NB-IoT transmission should be protected such that the transmission of any NR signal or channel is prohibited, which can be realized by the reserved resource configuration in the NR carrier. Since the NB-IoT carrier bandwidth is one PRB, a single PRB-level resource granularity in frequency should be supported in the resource reservation. Also, for further optimization, applying a tone-shift, e.g., 1 subcarrier shift, on the reserved resource can be considered by configuration can be considered to minimize the amount of the blank resources.

Conclusion
In this contribution, we discussed remaining details of the NR resource reservation, from which the following observation and proposals have been drawn:
Observation 1: The eMBB and URLLC multiplexing based on URLLC resource reservation can be realized by UE-specific indication of reserved resources.
Proposal 1: The NR reserved resources can be UE-specifically configured.
Proposal 2: The NR reserved resource signaling and the related UE behaviour are defined per each bandwidth part. 
[bookmark: _GoBack]Proposal 3: The minimum resource granularity for the NR resource reservation is one symbol in time and one PRB in frequency.
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