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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 study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1]. The following 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

Agreement

· Three sidelink resource configuration options are further analyzed

· TDM between PSCCH / PSSCH from UE and system perspective (Similar to R12)

· FDM between PSCCH / PSSCH from UE and system perspective (Similar to R14)

· FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective


RAN1#89
	Agreement

· At least TDM multiplexing between PSCCH and PSSCH is supported from both the Relay and Remote UE transmission perspective.
Conclusion:

· Continue discussion including the impact on specification and possibility to reuse R12-R14 sidelink resource pool configurations


In this contribution, we continue discussion on sidelink resource allocation and configuration options, 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
Multiple Narrow Band Resource Pools vs Resource Pool Sub-Channelization
For bandwidth limited wearable and MTC terminals, frequency sub-channelization is needed for sidelink communication. The sub-channelization in frequency can be achieved through configuration of multiple narrow band resource pools that can be achieved by proper configuration of ProSe LTE R12/R13 sidelink resource pools. An alternative option is to enable sub-channelization within resource pool similar to the V2X LTE R14 resource pool configuration.

Current specification does not have mechanism to assign particular narrow-band pool for RRC-IDLE or out of coverage UEs (Remote UEs). In addition, the static mechanism to associate narrow band resource pools for transmission and reception is unlikely to provide efficient performance in wearable and IoT scenarios characterized by huge variation in terms of traffic patterns. Another drawback of configuring multiple narrow band resource pools (reusing R12/R13 design) is a huge system overhead to carry control information through the sidelink SIB for each pool. This overhead may cause additional inefficiency at sidelink if eRelay UEs forward SIB information (currently assumed by RAN2 WG).
Configuration of multiple narrow band resource pools leads to spectrum fragmentation, which is too restrictive from the perspective of wideband UEs (e.g. eRelay UEs or eRemote UEs w/o bandwidth limitation). Spectrum fragmentation can significantly reduce packet throughput and thus increase UE power consumptions, assuming SC-FDMA property is preserved. Otherwise it may substantially increase UE complexity from both transmission and reception perspective, where reception is a dominant component.

The more spectrum efficient and flexible option is to dynamically or semi-statically assign resources for transmission/reception within wideband sidelink resource pool either by eNB, Relay UE under eNB control or UE autonomous selection. Therefore sidelink resource pool configuration similar to the one defined for V2X in LTE R14 is a more efficient design option comparing to the design based on configuration of multiple narrow-band resource pools.
Observation 1
· Frequency sub-channelization is needed for sidelink communication with bandwidth limited eRemote UEs.

· Partitioning on multiple narrow-band resource pools is not efficient in terms of system overhead, UE power consumption, packet throughput or complexity.
Proposal 1
· Sidelink resource pool sub-channelization is supported (e.g. partitioning of wideband pool on sub-bands)
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Figure 1: Sidelink resource pool sub-channelization.

3 Multiplexing of Sidelink PSCCH/PSSCH Transmissions
The following sidelink resource configuration options for wearable and IoT use cases are under discussion in RAN1 WG:
· Option 1. TDM between PSCCH / PSSCH from UE and system perspective (Similar to R12);

· Option 2. FDM between PSCCH / PSSCH from UE and system perspective (Similar to R14);

· Option 3. FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective.

It was agreed that at least the TDM between PSCCH and PSSCH is supported from both the Relay and Remote UE transmission perspective. However even for this option it is still open whether R12/R13 or R14 sidelink resource pool configuration should be used aiming to come up with sidelink configuration which is similar to the one used in the previous releases. In our view, the sidelink resource pool configuration based on LTE R14 design with frequency sub-channelization and more frequent access to control channel resource is a more efficient design for emerging wearable and IoT use cases.
The LTE PSCCH and PSSCH resource pool configurations vary depending on sidelink resource allocation modes-1/2 (R12/R13) and 3/4 (R14) (see Figure 2). Below we analyze pros and cons of the identified sidelink resource multiplexing options and discuss applicability to legacy resource pool configurations.
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Figure 2: Resource pools for R12/13/14 sidelink channels.

Option 1. TDM between PSCCH / PSSCH from UE and system perspective.
The TDM between PSCCH and PSSCH was agreed from Relay and Remote UE perspective. This option can be supported by both LTE R12 (ProSe) and LTE R14 (V2X) sidelink resource pool configuration. The LTE R14 design require minor modification of UE transmitter behavior and additional indication of the time gap between PSCCH and PSSCH transmissions. The LTE R12/R13 resource pool configuration (mode-1/2) has several drawbacks for wearable and IoT use cases:
· PSCCH/PSSCH resources are separated in time that may result in long active duty cycles and increased amount of UE wakeups;
· PSCCH transmissions are concentrated in small time interval that leads to increased collision due to lack of randomization in time from system perspective;
· PSCCH resource hopping is defined within PSCCH resource pool, which is not needed for BLLC UEs and unicast type of communication in case of BW constraints. Therefor it is challenging to share the same pool by UEs with and w/o bandwidth limitations.

· PSSCH transmission (T-RPT) is allocated until the next SCI period. This UE behavior leads to either increased sidelink collisions in time if PSSCH transmissions immediately follow PSCCH or increased power consumption, if PSSCH transmission start time is distributed within T-RPT. The latter leads to the increased amount of UE wake-up times even if transmission start time is known;
· Frequency resource allocation of sidelink resource pool should be aligned with eRemote UE BW capabilities. Otherwise configuration of multiple resource pools is needed to efficiently support UEs with and w/o bandwidth limitations.
Option 2. FDM between PSCCH / PSSCH from UE and system perspective.
The FDM from single UE perspective is not supported by LTE R12/13 resource pools while is the main mode for LTE R14 design. The structure of the LTE R14 PSCCH/PSSCH resource pool configuration (mode-3/4) is more suitable for wearable and IoT use cases and has several inherited advantages:

· The frequency sub-channelization provides inherited support for bandwidth limited low complexity UEs (BLLC UEs) and does not impose any constraints on UEs with full bandwidth capabilities. Therefore two types of UEs can seamlessly use the same physical structure of sidelink control and shared channel resources within a single pool.
· The adjacent allocation of control and shared channel resources in time (same subframe) is beneficial from UE power consumption perspective (both transmitter and receiver) due to lack of duty cycle.
· The distributed in time and frequency control and shared channel resources simplify eRelay UE operation with multiple eRemote UEs and distribute access to resources across time, instead of implying UE transmission at the beginning of SCI period as it is supposed in R12/R13. Therefore it enables faster access to resources and flexible resource allocation and sharing among multiple UEs.
The R14 like resource configuration for sidelink resource pools is suitable for wearable and IoT use cases and can be taken as a baseline, without precluding additional enhancements in terms of configuration settings such as subframe bitmap sizes to configure sidelink subframes for PSCCH and PSSCH as well as sub-channel sizes. In addition, it may be possible to separately configure PSCCH and PSSCH resources. The additional enhancements to support TDM between control and shared channel as well as narrow bandwidth allocations (1 PRB) should be also considered.
Option 3. FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective.

Option 3, provides additional flexibility when UE sends PSCCH and PSSCH in different time resources. In our view, this option is beneficial and should be supported. One of the clear examples where it is simply needed is the support of BL UEs with 1 PRB BW constraints. Another consideration in favor of this option is processing latency at the eRemote UE side, as well as the reduced UE complexity since only single DFT is performed in one subframe. In addition, in case if eRelay UE dynamically controls eRemote UE transmission resources it should be able to dynamically assign resources for transmission. In this case in order to avoid resource wastage the PSCCH resource can be reused for PSSCH transmission. One more argument in favor of TDM of PSCCH and PSSCH is power sharing among channels that effectively reduces transmission range of each channel.
Observation 2
· The LTE R14 like sidelink resource pool configuration is more beneficial for wearable and IoT scenarios.

· Additional signaling enhancements on top of R14 resource configuration can be introduced to enable TDM of PSCCH and PSSCH transmission from single UE perspective.

One of the arguments in favor of the LTE R12 design is that if this structure is reused then impact on other WGs can be reduced. However in our view impact on other WGs and specification does not outweigh the benefits that can be extracted from UE and system perspective if R14 like resource pool design is used as a baseline. In addition rather small impact on RAN2 and other WGs is expected given that similar design is already part of specification for V2X use case. Therefore based on analysis we have following proposal.
Proposal 2
· The LTE R14 PSCCH/PSSCH resource pool configuration is used as a baseline for sidelink resource pool configuration, not precluding additional enhancements.
· Signaling mechanism is used to enable TDM multiplexing of PSCCH and PSSCH from single UE perspective.
4 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 details of SPS mechanism and signaling should be adapted to the sidelink resource allocation to be defined for wearable and IoT use cases. We notice that R14 resource pool configuration framework can also simplify integration of sidelink SPS framework for wearable and IoT use cases.
At the last meeting it was agreed to further study the following options for sidelink SPS support:

· 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 our view the specific SPS design option(s) can be further selected during the normative WI phase. In 
Proposal 3
· Sidelink semi-persistent transmission for wearable and IoT use cases is defined by RAN1 WG jointly with the resource allocation and configuration framework.

5 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
· Sidelink resource pool sub-channelization is supported (e.g. partitioning of wideband pool on sub-bands)

Proposal 2
· The LTE R14 PSCCH/PSSCH resource pool configuration is used as a baseline for sidelink resource pool configuration, not precluding additional enhancements.
· Signaling mechanism is used to enable TDM multiplexing of PSCCH and PSSCH from single UE perspective.
Proposal 3
· Sidelink semi-persistent transmission for wearable and IoT use cases is defined by RAN1 WG jointly with the resource allocation and configuration framework.
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