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1 Introduction

At the RAN1#88bis and RAN1#89, the sidelink resource allocation enhancements for wearable and IoT use cases were discussed within framework of the study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1]. The following related agreements were made by RAN1 WG:
RAN1#88bis

	Agreement
· The following enhancements for sidelink unicast communication are studied further:
· eNB controlled resource allocation and configuration for communication between Relay and Remote UE\

· eNB decision on resource allocation is relayed to Remote UE by Relay UE
· Relay UE assisted resource allocation and configuration under eNB control

· Remote UE assisted resource allocation


RAN1#89
	Agreement

· eNB can schedule sidelink transmission resource for Remote and Relay UE transmission by sending sidelink grant
· Relay UE can forward sidelink grant generated by eNB to Remote UE
Agreement

· Relay UE can control sidelink radio-resources used for transmission and reception by Remote UEs within sidelink resource pools which are configured by eNB
· FFS control signaling details 
· For Relay UE assisted resource allocation, the following control signaling options are considered
· SCI

· Higher layer signaling (e.g. MAC CE)
· Companies are encouraged to provide more details on control signaling enhancements at RAN1#90

Agreement

· Sidelink SPS is studied in RAN1, and following enhancements are considered:
· eNB schedules sidelink SPS via relay UE forwarding for the remote UE linked with the relay UE.
· eNB schedules sidelink SPS for the remote UE linked with the relay UE.
· Relay UE schedules sidelink SPS for the remote UE linked with the relay UE.


In this contribution, we continue discussion on eNB-controlled and Relay UE assisted sidelink resource allocation enhancements, while our considerations on other sidelink enhancements for synchronization, discovery and communication targeting wearable and IoT use cases are provided in our companion contributions [6]-[13]. The analysis of performance benefits from the considered sidelink enhancements is presented in [3]-[5].

2 Sidelink Resource Allocation Enhancements

2.1 Sidelink Resource Allocation Signaling

For both types of resource allocation, eNB controlled and eRelay UE assisted the following three types of control signaling are foreseen:

· Sidelink system information signaling (e.g. SIB). This type of signaling informs UEs about system wide allocation of all available sidelink resources and configuration for all sidelink physical channels including system wide parameters that should be used for sidelink synchronization, discovery, control, and shared channels.
· Semi-static sidelink control signaling (semi-static L2 signaling – e.g. MAC/RRC). This is a semi-static type of signaling exchanged between or provided to particular group of UEs engaged in sidelink communications. Examples of such signaling includes assignment of specific sidelink resource pools for transmission or reception (or specific subset of resources within pool of sidelink resources), indication of sidelink channel monitoring occasions, configuration of sidelink SPS configuration.
· Dynamic sidelink control signaling (dynamic L1 signaling – e.g. DCI/SCI). This is a physical layer signaling that provide information about specific radio-layer parameters used for sidelink transmission. Examples of such signaling can include grants on sidelink or cellular link, activation or deactivation of sidelink SPS configurations.
In the next sub-sections, we provide more details on the dynamic and semi-static control signaling for sidelink resource allocation. The sidelink system information signaling is assumed to provide similar functionality as in previous releases.
2.2 eNB Controlled Resource Allocation
At the previous meeting it was agreed that eNB can schedule sidelink transmission resources for eRemote and eRelay UE transmission by sending sidelink grant. eRelay UE can forward sidelink grant generated by eNB to eRemote UE. In this section we provide additional details on control signaling to support agreement made at the previous meeting.

Dynamic control signaling

The eNB dynamic control signaling for resource allocation can be monitored by eRelay UE only or by both eRemote and eRelay UEs. It should be noted that eRelay UEs always have at least one of the RX chains tuned to DL carrier and therefore can receive eNB control signaling directed to both eRemote and eRelay UEs. For eRemote UEs with multiple RX chains serving both DL and SL, it is also straightforward to receive dynamic control signaling directly from eNB. On the other hand for eRemote UE with single receiver chain, only DL or SL can be monitored at the same time. For out of coverage UEs and UEs in enhanced coverage modes it is either impossible or not power efficient to receive any DL control signaling. In these problematic cases resources for transmission can be provided through eRelay UE and dynamic L1 signaling can be used for that purpose. In order to address these two cases we have following proposal:
Proposal 1
· In eNB controlled resource allocation mode, two types of operation are supported
· Type 1 - eNB DCI signaling is forwarded by eRelay UE (eRemote UE does not monitor DCI);
· Type-1 is used for OoC eRemote UEs and eRemote UEs with single RX chain.

· Type 2 - eNB DCI signaling is monitored by eRemote UE (eRelay UE may monitor DCIs for eRemote UEs).
· Type-2 can be activated for eRemote UEs with dedicated RX chain or unidirectional relaying.
· In case when eNB DCI signaling is forwarded by eRelay UE (type-1)
· eRelay UE monitors DCIs carrying sidelink grants for eRelay and eRemote UE(s) using preconfigured set of unique UE specific RNTI(s);
· eRelay UE converts DCI dedicated to eRemote UE to SCI format and forwards it to eRemote UE indicating eNB resource assignment;
· FFS timing between eNB DCI transmission / eRelay SCI forwarding / eRemote UE sidelink transmission (can be decided during WI phase).
· FFS mechanism to distinguish SCI for transmission from SCI for reception at eRemote UE

· In case when eNB DCI signaling is monitored by eRemote UE (type-2)
· Legacy sidelink scheduling procedures are reused (i.e. each eRelay and eRemote UEs are scheduled by eNB);
· eRelay UE can overhear sidelink grants to eRemote UE(s) by monitoring DCI(s) scheduled to eRemote UE(s) if corresponding RNTI(s) are configured by eNB.
Semi-static control signaling
On top of L1 control signaling, eNB can use L2 signaling to control specific set of resources to be used for transmission or reception by eRelay and eRemote UEs (e.g. dedicated resource pool, sidelink SPS configuration, DRX configuration, etc.).
In legacy sidelink design, both eRelay and eRemote UEs are expected to monitor all configured sidelink resources (e.g. all configured PSCCH pools), that may cause quite noticeable power consumption.
For bandwidth constrained eRemote UEs, only part of sidelink control resources can be monitored at a time, which itself provides energy saving. For further power consumption reduction it is desirable to reduce sidelink control channel monitoring occasions in time. The latter can be achieved by using DRX mechanism which is planned to be designed by RAN2 WG. Depending on future sidelink resource pool configuration decisions (to be made by RAN1 WG, i.e. whether R12-R13, R14 or new sidelink pool structures), mechanisms to configure monitoring occasions on Uu and PC5 air-interface can be introduced. The monitoring occasions for sidelink channels can be configured by eNB to reduce eRelay and eRemote UE power consumption and power consumption of sidelink processing.
From Uu air-interface perspective, existing power saving mechanisms can be reused. In addition, at least for bandwidth constrained eRemote UEs (1 or 6 PRB BW), the mechanism of discovery gaps that was developed for discovery may be extended to support sidelink communication and avoid frequent switching of RF chain from DL to SL and back.
From PC5 air-interface perspective, mechanism to indicate sidelink resources for eRemote and eRelay UE monitoring can be also designed. These resources can be configured on top of overall set of sidelink resources (i.e. configurable set of resources from all available sidelink resources). The latter can be achieved by semi-static indication of sidelink resources that can be potentially used for transmission by eRemote UE and eRelay UE in a linked state.

Proposal 2
· Semi-static layer 2 signaling is used to allocate subset of sidelink resources to be used for sidelink or cellular link monitoring by eRelay and eRemote UEs in linked state to avoid monitoring of all available sidelink resources and reduce power consumption of eRelay and eRemote UEs.
· Details are discussed in RAN2 WG, once RAN1 WG finalizes sidelink resource configuration.
2.3 eRelay UE Assisted Resource Allocation

At the previous RAN1 WG meeting, eRelay UE assisted resource allocation mode was discussed. In this mode, eRelay UE can control sidelink radio-resources used for transmission and reception by eRemote UEs within sidelink resource pools which are configured by eNB. This mode of operation can be especially beneficial to
· Achieve low energy sidelink communication;

· Provide sidelink resource management for multiple eRemote UEs;
· Enable link adaptation on sidelink;

· Enable conflict free operation with cellular links.
Low energy sidelink communication
If eRelay UEs can allocate specific resources or activate/deactivate certain transmission/reception pattern aligned with traffic model, it can significantly reduce eRelay and eRemote UE power consumption due to reduced duty cycle and reduced amount of resources that can be monitored by eRemote and eRelay UEs.
Resource management of multiple eRemote UEs
In wearable and IoT scenarios, eRelay UE may operate with multiple eRemote UEs and thus mechanisms to control transmission resources of eRemote UEs are needed. eRelay UE is capable to process a whole system bandwidth and may multiplex reception / transmission from and towards eRemote UEs either in frequency or time. In LTE R12-14 frequency multiplexing is supported for reception from multiple UEs. This functionality can be further enhanced if sidelink power control is introduced [11]. It can be also possible to apply FDM from eRelay UE transmission perspective, which may be beneficial for wearable use cases, where low TX power is expected due to proximity and thus eRelay UE can reach multiple terminals in the same time.
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Figure 1: Radio-resource management by eRelay UE.

Link adaptation on sidelink
In terms of link adaptation, eRelay UE can always optimize resources for reception from eRemote UEs by simple frequency or time selective SL-RSSI measurements and thus can optimize sidelink resource allocation of eRemote UEs (i.e. eRemote UE transmission resource). In addition, if eRemote UEs provide time and frequency selective SL-RSSI measurements eRelay UEs can adjust transmission resources to provide more favorable propagation conditions for eRemote UEs reception.
Conflict free operation with cellular links
The energy efficient relaying implies conflict free operation on cellular links and sidelinks and therefore mechanism to avoid conflicts in terms of transmission and reception on cellular links and sidelinks are necessary (i.e. across eNB, eRelay UE, and eRemote UE). In legacy sidelink design, the conflict with UL transmission is simply resolved by dropping SL transmission and reception. Such UE behavior may cause increased power consumption for both eRelay and eRemote UEs. More details on this specific design aspect are discussed in our companion contribution [9].
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Figure 2: Conflict free operation in terms of transmission/reception for UE-to-NW Relaying.

Observation 1
· Radio-resource management by eRelay UE is beneficial
· to reduce eRelay and eRemote UEs power consumption;
· to enable concurrent communication with multiple eRemote UEs;
· to enable link adaptation on sidelink;
· to resolve potential conflicts in terms of cellular and sidelink operation due to eRelay half-duplex constraint.
Semi-static control signaling
Similar to discussion in eNB controlled resource allocation mode, for wearable and IoT use cases it is not desirable to have a sidelink design assuming that eRelay and eRemote UEs monitor all available resources for sidelink communication/discovery. The semi-static control signaling can provide eRelay and eRemote UEs with configuration of sidelink resources that can be potentially used for sidelink transmission and reception by both UEs (e.g. sidelink resource pools or set of resources within sidelink resource pool subject to further discussion on sidelink resource configuration). Depending on future discussion, some of the signaling can be even carried in UE-to-NW eRelay UE discovery message (e.g. to provide sidelink resources at least for connection establishment). In case of sidelink SPS support, this signaling may also configure SPS transmission parameter(s) for eRemote UEs by eRelay UE.
Dynamic control signaling
The dynamic control signaling can be used by eRelay UE to signal sidelink grants to schedule eRelay and eRemote UE transmissions on sidelink. One of the examples is to use sidelink grants to activate/deactivate sidelink SPS configuration for transmission by eRemote UE. Another example is to issue SCI grant to dynamically assign sidelink resources for transmission by eRemote UE. 

Proposal 3
· In eRelay assisted resource allocation mode,

· eRelay/eRemote UE is not expected to monitor all available sidelink communication resources configured by eNB;
· eRelay UE can use semi-static L2 signaling to configure sidelink transmission and reception resources of eRemote UEs;
· FFS control signaling details (pools, set of resources within pools, SPS configuration, etc.).
· eRelay UE autonomously selects resource for sidelink transmission from preconfigured sidelink resource pools;
· eRemote UE can be configured by eRelay UE to autonomously select resource for sidelink transmission from the preconfigured set of sidelink resources or follow SCI grants provided by eRelay UE;

· eRelay UE can signal SCI grant to allocate specific resource for eRemote UE transmission or activate/deactivate sidelink SPS configuration;
· eRemote UE can request sidelink resources for communication. No new physical layer signaling is introduced for scheduling request.
3 Sidelink SPS Support

RAN2 WG has discussed sidelink semi-persistent transmission and concluded:

· Semi-persistent transmission (e.g. similar to SPS) is considered useful. The details of the semi-persistent transmission and whether it is feasible are up to RAN1.
In our view, sidelink SPS support is critical for streaming applications and is very beneficial for wearable and IoT use cases. The signaling details of SPS mechanism should be adapted to the sidelink resource allocation which is still to be defined for wearable and IoT use cases.
In our view, sidelink SPS mechanism should be supported for both eNB controlled and eRelay UE assisted resource allocation modes.

In case of eNB controlled mode, eNB can configure and activate/deactivate sidelink SPS transmission either directly to both eRelay and eRemote UEs or via eRelay UE, where eRelay UE forwards information about sidelink SPS configurations to eRemote UE as well as activation/deactivation signaling.

In case of eRelay UE assisted resource allocation, eRelay UE can configure and activate/deactivate sidelink SPS configurations for eRemote UEs linked with the eRelay UEs.
Proposal 4
· Sidelink semi-persistent transmission for wearable and IoT use cases is defined by RAN1 WG jointly with the resource allocation and configuration framework.
· Multiple SPS configurations can be configured for sidelink operation of eRemote and eRelay UE.

· In eNB controlled resource allocation mode 
· eNB can configure and activate/deactivate sidelink SPS via eRelay UE forwarding for the eRemote UE linked with the eRelay UE.

· eNB can configure and activate/deactivate sidelink SPS for the eRemote UE linked with the relay UE.

· In eRelay UE assisted resource allocation mode,

· eRelay UE can configure and activate/deactivate sidelink SPS for the eRemote UE linked with the eRelay UE.
4 Summary

In this contribution, we provided our views on sidelink resource allocation enhancements for wearable and IoT use cases. In summary, we have following proposals to improve sidelink communication framework:
Proposal 1
· In eNB controlled resource allocation mode, two types of operation are supported

· Type 1 - eNB DCI signaling is forwarded by eRelay UE (eRemote UE does not monitor DCI);

· Type-1 is used for OoC eRemote UEs and eRemote UEs with single RX chain.

· Type 2 - eNB DCI signaling is monitored by eRemote UE (eRelay UE may monitor DCIs for eRemote UEs).

· Type-2 can be activated for eRemote UEs with dedicated RX chain or unidirectional relaying.
· In case when eNB DCI signaling is forwarded by eRelay UE (type-1)

· eRelay UE monitors DCIs carrying sidelink grants for eRelay and eRemote UE(s) using preconfigured set of unique UE specific RNTI(s);

· eRelay UE converts DCI dedicated to eRemote UE to SCI format and forwards it to eRemote UE indicating eNB resource assignment;

· FFS timing between eNB DCI transmission / eRelay SCI forwarding / eRemote UE sidelink transmission (can be decided during WI phase).

· FFS mechanism to distinguish SCI for transmission from SCI for reception at eRemote UE

· In case when eNB DCI signaling is monitored by eRemote UE (type-2)

· Legacy sidelink scheduling procedures are reused (i.e. each eRelay and eRemote UEs are scheduled by eNB);

· eRelay UE can overhear sidelink grants to eRemote UE(s) by monitoring DCI(s) scheduled to eRemote UE(s) if corresponding RNTI(s) are configured by eNB.
Proposal 2
· Semi-static layer 2 signaling is used to allocate subset of sidelink resources to be used for sidelink or cellular link monitoring by eRelay and eRemote UEs in linked state to avoid monitoring of all available sidelink resources and reduce power consumption of eRelay and eRemote UEs.

· Details are discussed in RAN2 WG, once RAN1 WG finalizes sidelink resource configuration.
Proposal 3
· In eRelay assisted resource allocation mode,

· eRelay/eRemote UE is not expected to monitor all available sidelink communication resources configured by eNB;
· eRelay UE can use semi-static L2 signaling to configure sidelink transmission and reception resources of eRemote UEs;
· FFS control signaling details (pools, set of resources within pools, SPS configuration, etc.).
· eRelay UE autonomously selects resource for sidelink transmission from preconfigured sidelink resource pools;

· eRemote UE can be configured by eRelay UE to autonomously select resource for sidelink transmission from the preconfigured set of sidelink resources or follow SCI grants provided by eRelay UE;

· eRelay UE can signal SCI grant to allocate specific resource for eRemote UE transmission or activate/deactivate sidelink SPS configuration;

· eRemote UE can request sidelink resources for communication. No new physical layer signaling is introduced for scheduling request.
Proposal 4

· Sidelink semi-persistent transmission for wearable and IoT use cases is defined by RAN1 WG jointly with the resource allocation and configuration framework.
· Multiple SPS configurations can be configured for sidelink operation of eRemote and eRelay UE.

· In eNB controlled resource allocation mode 
· eNB can configure and activate/deactivate sidelink SPS via eRelay UE forwarding for the eRemote UE linked with the eRelay UE.

· eNB can configure and activate/deactivate sidelink SPS for the eRemote UE linked with the relay UE.

· In eRelay UE assisted resource allocation mode,

· eRelay UE can configure and activate/deactivate sidelink SPS for the eRemote UE linked with the eRelay UE.
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