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1 Introduction

In RAN1 #86bis, the following was agreed regarding indication of reserved resources [1]:
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

Furthermore, in RAN1 #87, the following was agreed for signaling of reserved resources [2]:
Agreements:
· At least some reserved resources are indicated by using at least RRC signaling
This contribution discusses aspects about signaling of reserved resources and NR UE procedures.
2 Discussion
Resource granularity for reserved resource indication 


In NR, a slot (or mini-slot) with 1 OFDM symbols to 14 OFDM symbols can be supported for data transmission. As discussed in [3], similar to MBSFN configuration in LTE, eMBB and eMBMS can be multiplexed in the time domain. In this case, certain eMBB UEs that cannot receive eMBMS service do not need to monitor slots configured for eMBMS services. In the same way, when certain NR UEs do not need to or cannot receive certain services/signals in a slot, those NR UEs do not need to monitor slots configured for services/signals of no interest. 
In case of dynamic TDD and at least for coexistence with LTE TDD, when a NR UE does not receive an UL grant in a slot configured for UL transmissions, the UE can skip monitoring DL control channels during those UL slots in order to reduce battery consumption and avoid false-positive decodings. Therefore, in order to allow dynamic UE sleep operation at the level of slot for reduced battery consumption and overall operational robustness, time resource granularity for reserved resources where UEs do not need to monitor DL control channels should be supported at least in the slot level. 
In addition, it was agreed that as well as MBSFN subframes, non-MBSFN subframes are supported for NR transmissions in case of LTE-NR coexistence. To avoid NR operations in resources with LTE channels/signals such as CRS/PDCCH/SIB1/PSS/SSS/PBCH, certain OFDM symbols corresponding to the resources can be indicated as reserved resources to NR UEs. In this case, reserved resources should be signaled with a granularity of an OFDM symbol. Taking into account these use cases of reserved resource, time resource granularity in a slot or an OFDM symbol level can be supported.
Proposal 1: Time domain granularity in a slot or an OFDM symbol level is supported for reserved resource indication to NR UEs.

Regarding the frequency domain unit, the following was agreed in RAN1 #86bis:

Agreement:
· The number of subcarriers per PRB is 12

Considering LTE-NR coexistence or multiplexing of different verticals in a frequency domain, frequency resource granularity for reserved resources should support at least multiple PRBs. It may also be applicable to sub-band(s) for DL/UL control channels and CSI measurements or SRS that can be configured by RRC. DL control channel monitoring or CSI measurements can be skipped in reserved RBs of the sub-band(s).
Proposal 2: Frequency domain granularity at least in multiple PRBs level is supported for reserved resource indication to NR UEs. 

Introduction of L1 signaling in addition to RRC signaling
It was agreed that RRC signaling is used to indicate reserved resources. RRC signaling has a benefit when semi-static reservation is sufficient for reserved resources. However, only RRC signaling cannot offer fast adaptation to the network operation when reserved resources are configured for various purposes (e.g. LTE-NR coexistence, dynamically triggered transmissions of signals such as CSI-RS or SRS, dynamic multiplexing of different vertical services, and UE dynamic sleep operation). In other words, configuration/de-configuration (or activation/de-activation) of reserved sources should be flexible in terms of resource utilization. If configured reserved resources are not necessary, they should be de-configured (or de-activated) and they should be configured (or indicated) as useful resources as fast as possible. If L1 signaling is introduced to indicate reserved resources in addition to RRC signaling, resource utilization can be more flexible and maximized even when certain resources are reserved at any time. 
Therefore, a combination of RRC and L1 signaling can be beneficial considering signaling overhead and flexible configuration of reserved resources. RRC signaling can be used for basic configuration of one or several resource reservation pattern(s), such as amount of resources, time/frequency location, periodicity, etc., while L1 signaling can be used for activation and deactivation of each resource reservation pattern or for indicating reserved slots. 
Two types of L1 signaling can be considered; UE-dedicated L1 signaling and UE-common L1 signaling. UE-dedicated L1 signaling has large signaling overhead and it cannot be expected that all UEs have transmissions of UE-dedicated DL control channels in a same slot. UE-common L1 signaling is preferred as only a few bits are expected to be sufficient for indicating a resource reservation pattern among RRC-configured patterns or indicating reserved slots. 
Proposal 3: In addition to RRC signaling, L1 signaling by UE-common DCI is supported to indicate reserved resources.
NR UE behaviors for NR channels/signals within reserved resources
When reserved resources are configured to NR UEs, the reserved resources may overlap with resource regions for NR channels/signals. Therefore, NR UE behaviors for NR channels/signals that may exist within the reserved resources need to be defined in the NR specification. For example, if a part of a reserved resource overlap with a region where reference signals for channel measurements are configured, channel measurements by the reference signals within the overlapped region can be skipped (or punctured). For another example, if a reserved resource overlap with a region for NR PDSCH transmission, the PDSCH can be rate matched around the overlapped region. Also, in case of LTE-NR coexistence, if certain OFDM symbols in a slot need to be protected for LTE channels/signals and they are indicated as reserved resources to NR UEs, specified/configured NR channels/signals in the reserved resource can be rate-matched or punctured. As a result, NR UE behaviors for NR channels/signals on overlapped regions with reserved resources can be defined depending on NR channels/signals. Otherwise, a network can indicate which behavior for the overlapped regions can apply.
Proposal 4: NR UE behaviors are specified depending on various NR channels/signals on an overlapped region with reserved resource(s).
3 Conclusions 

This contribution discusses aspects about signaling of reserved resources and NR UE procedures and proposes the following depending on the discussion:
Proposal 1: Time domain granularity in a slot or an OFDM symbol level is supported for reserved resource indication to NR UEs.

Proposal 2: Frequency domain granularity at least in multiple PRBs level is supported for reserved resource indication to NR UEs. 

Proposal 3: In addition to RRC signaling, L1 signaling by UE-common DCI is supported to indicate reserved resources.
Proposal 4: NR UE behaviors are specified depending on various NR channels/signals on an overlapped region with reserved resource(s).
References:
[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#86b, Lisbon, Portugal, October, 2016
[2] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#87, Reno, USA, November, 2016

[3] R1-1609136, “Signaling of Resources for forward compatibility”, Samsung

PAGE  
1

