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1 Introduction

At the RAN1#88bis, 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:

	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


In this contribution, we continue discussion on 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 [5]-[9]. The analysis of performance benefits from the considered sidelink enhancements is presented in [2]-[4].

2 Sidelink Resource Allocation Enhancements

According to LTE R12-R14 design, the sidelink communication is defined within preconfigured sidelink resource pools (PSCCH/PSSCH). Multiple pools can be configured by eNB for sidelink operation. Following, the LTE R12/R13 behavior, UE can randomly select pool and resource within a pool for transmission. Therefore, when for example relaying is considered and multiple resource pools are configured, different resource pools can be selected for transmission by Relay and reception by Remote UE and vice versa. The random resource selection behavior clearly creates a problem for reception, if one of the devices (in particular Remote UE) is bandwidth limited.

For bandwidth limited wearable and MTC terminals, frequency sub-channelization should be considered for sidelink communication. Frequency sub-channelization can be achieved through configuration of multiple narrow band resource pools. However, there is no 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 good performance in various wearable and IoT scenarios. Another drawback of using multiple narrow band resource pools is spectrum fragmentation from wideband UE perspective that can potentially use the whole system bandwidth for communication and thus wideband communication is preferable. As an alternative, resources for sidelink transmission/reception can be assigned to narrow-band Remote UEs either by eNB or Relay UE under eNB control.
Observation 1
· Frequency sub-channelization is needed for sidelink communication with bandwidth limited eRemote UEs.

· Partitioning on multiple narrow-band resource pools while keeping the R12-R14 UE behavior is not efficient in terms of system resource utilization, UE power consumption, and needs to be enhanced.

· Random resource selection is not applicable, at least
· for reception by bandwidth limited eRemote UEs, since they cannot process the whole system BW;
· for transmission by bandwidth limited eRemote UEs, if eRelay UE serves multiple eRemote UEs frequent collisions;
· for conflict free operation of eRelay UE communicating with eNB on cellular link and eRemote UEs on sidelink.
2.1 eNB Controlled Resource Allocation

Functionality of sidelink resource control
In case of eNB controlled resource allocation, eNB can either directly control transmission (reception) resources of both eRelay and eRemote UEs or via eRelay UE. For instance, if eRemote UE is out of coverage or in enhanced coverage mode, then eRelay UE can forward information on transmission and reception resources (provided/granted by eNB) to eRemote UE, reducing its power consumption. This mode of operation can be especially beneficial in enhanced coverage or partial coverage scenarios. In general case the following options are possible:
· Option 1. eNB controls sidelink transmission and reception resources only for eRelay UE.
· This option does not allow to control eRemote UE transmission resources and thus may lead to frequent collisions when multiple eRemote UEs communicate with eRelay UE.
· Option 2. eNB controls sidelink transmission and reception resources for both eRelay and eRemote UEs.
· In this case eNB can fully align cellular and sidelink activities of eRelay and eRemote UE. This option can be used for in-coverage eRemote UE as well as for out of coverage eRemote UE via eRelay UE control.
· Option 3. eNB controls sidelink transmission and reception resources only for eRemote UE.

· This option is practically not feasible in partial coverage or enhanced coverage scenarios. In addition, it does not assume control of eRelay UE resources, which is of even higher importance for both eRemote and eRelay UEs power consumption.

Control Signaling

The eNB control signaling for resource allocation can be monitored by eRelay UE only or both eRemote and eRelay UEs. It should be noted that for eRelay UE the one of the RX chains is always tuned to DL carrier and therefore it is easy to receive control signaling by eRelay UE directed to both eRemote and eRelay UEs. On the other hand for eRemote UE it can be a challenge due to the single receiver chain constraint of bandwidth limited low complexity eRemote UEs. On the other hand for eRemote UE with multiple RX chains serving both DL and SL it is possible to receive control signaling from eNB.
Proposal 1
· eNB controlled resource allocation mode is supported.

· In eNB controlled resource allocation mode,

· eNB can control sidelink transmission and reception resources for both eRelay and eRemote UEs.

· eRelay UE can forward eNB control signaling for eRemote UE transmission / reception resources, when eRemote UE is in-coverage or out-of-coverage and linked to eRelay UE.

· FFS eNB control signaling indicating eRemote UE sidelink transmission /reception resource assignment.
Semi-static vs Dynamic Signaling
The eNB control signaling can be either dynamic, semi-static or a combination of both. In our view, combination of the above signaling can be used. The dynamic signaling can be used to indicate the actual resource set to be used for transmission/reception while the semi-static signaling can be used to configure multiple UE-specific sidelink transmission/reception patterns (e.g. resource pool or SPS configuration, DRX configuration, etc).
Proposal 2
· Both semi-static and dynamic eNB control signaling are further studied for eRemote and eRelay UE transmission / reception resources.

eNB controlled sidelink transmission/reception resources for eRemote and eRelay UEs
Independently of sidelink resource pool configuration options (e.g. R12/R13/R14 or new pool structures), additional mechanism to configure monitoring occasions on Uu and PC5 air-interface needs to be enabled. Monitoring occasions can be configured by eNB to reduce eRelay and eRemote UE power consumption / sidelink processing complexity. This mechanism is similar to assignment of UE specific sidelink resources for eRemote and eRelay UE for sidelink communication within predefined sidelink resource pools. In general this can be achieved by UE specific signaling for resource pool configuration, however this mechanism is not flexible enough and can introduce significant overhead.
Proposal 3
· eNB can configure/control sidelink and cellular link monitoring occasions for eRelay and eRemote UEs on top of sidelink resource pool configurations.

2.2 eRelay UE Assisted Resource Allocation

Resource management of multiple eRemote UEs
For sidelink wearable and IoT scenarios, the eRelay UE may operate with multiple eRemote UEs. In case if eRelay UE operates with multiple eRemote UEs, it needs to be able to efficiently manage resources between eRemote UEs in order to provide conflict free operation. Assuming that eRelay UE can operate in a wide bandwidth, it may multiplex transmission/reception from and towards eRemote UEs either in frequency or time. In this case, it may be more advantageous to give eRelay UE a freedom to manage sidelink resources for eRemote UEs to perform proper UE multiplexing and sidelink resource management. In many practical cases, the tight eNB control of eRemote UE sidelink transmission/reception resources is problematic or unnecessary and can be especially inefficient for BL UEs. The tight eNB control can negatively affect the relaying UE capabilities (e.g. effective DL & UL throughput). In addition, it simply complicates eNB and radio-layer relaying protocol causing additional signaling overhead on cellular link, although the eRelay UE directly interacts with eRemote UEs and can better control and monitor sidelink quality as well as cellular link quality. For instance, eRelay UE can always optimize resources to be used 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. transmission resource of eRemote UEs).
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Figure 1: Radio-resource management by eRelay UE.

Conflict free operation with cellular links

Random resource selection defined for sidelink communication in R12-R13 is very energy inefficient for autonomous sidelink relaying. The R12/R13 Remote and Relay UEs are supposed to randomly select resource for transmission in case of autonomous operation. The sidelink resource selection decisions can conflict with each other and more importantly conflict with transmission and reception on cellular link, so that Relay UE will need to drop SL transmission/reception because of concurrent UL transmission. This mechanism was adopted in R12/13 because eNB was not aware about the source of traffic and viewed it as a simple cellular communication with Relay UE, without being aware that Relay UE need to communicate on sidelink.
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Figure 2: Conflict free operation in terms of transmission/reception for UE-to-NW Relaying.

The enhanced energy efficient relaying implies conflict free operation on cellular links and sidelinks and therefore mechanism to coordinate resources for transmission and reception on cellular links and sidelinks are necessary (i.e. across eNB, eRelay UE, and eRemote UE). At this moment there is no such signaling defined for sidelink, since relaying introduced in R13 is transparent to radio-layer.

From system operation perspective, it is important to align cellular UL transmission timeline with eRelay UE operation on sidelink (either sidelink transmission or reception). In this case, eRelay UE may decide on its own how to utilize sidelink resources that are not expected to be used for UL transmission towards eNB. In order to avoid half-duplex issue on sidelink, eRelay UE can control eRemote UE transmission resources. The control of eRemote UE transmission resources is beneficial for both eRemote UE and eRelay UE power consumption. From eRelay UE perspective it can enable frequency division multiplexing of eRemote UEs and thus save power consumption reducing active time. For eRemote UEs, it can be beneficial, due to resolution of half-duplex issues on sidelink that may be a source of multiple retransmissions and thus cause additional power consumption.
Observation 2
· 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 resolve potential conflicts in terms of cellular and sidelink operation due to eRelay half-duplex constraint.
Proposal 4
· eRelay UE can control radio-resources used for transmission and reception by eRemote UEs within sidelink resource pools, configured by eNB.

· FFS control signaling details
· Define mechanisms to align eRelay UE sidelink operation and cellular UL transmission to facilitate conflict-free evolved UE-to-NW relaying.

2.3 eRemote UE Assisted Resource Allocation

eRemote UE assisted resource allocation can be beneficial to optimize resource used for eRemote UE reception in case of bidirectional relaying mode. In general, eRemote UE can conduct simple sidelink measurements in order to determine the best resource for sidelink reception (e.g. best frequency sub-channel) and inform eRelay UE or eNB. This mode may be beneficial for eRemote UEs operating in the whole system bandwidth. On the other hand, for BL eRemote UEs it may cause additional undesirable power consumption. At the same time if eRelay UE is in close proximity with eRemote UE the best resource for eRelay UE sidelink reception may be correlated with the best resource for eRemote UE sidelink reception. From this perspective it may be possible to use additional measurements on eRelay UE side to optimize overall sidelink performance. The incremental gains that can be achieved from additional eRemote UE measurements need to be quantified.
Proposal 5
· Further study benefits of eRemote UE assisted resource allocation.

3 Sidelink Resource Configuration
At the previous RAN1 WG meeting, the sidelink resource configuration for wearable and IoT use cases was defined and the following agreements were made:
· Three sidelink resource configuration options are further analyzed

· 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.

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 3).
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Figure 3: Resource pools for R12/13/14 sidelink channels.

Option 1. TDM between PSCCH / PSSCH from UE and system perspective (Similar to R12).
The R12/13 PSCCH/PSSCH 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 SCI transmission allocates time resource pattern of PSSCH transmission (T-RPT) until the next SCI period, that leads to either increased sidelink collisions in time or increased power consumption, if transmission start time within T-RPT is unknown to eRemote or eRelay UE. From eRemote and eRelay UE perspective, it is desirable to keep PSCCH transmission close to PSSCH to minimize amount of wake up times.
· 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. It also complicates the usage of single wideband resource pool from eRelay and eRemote UE perspective at the same SCI period.
· Frequency resource allocation of resource pool should be aligned with eRemote UE BW capabilities, i.e. separate configuration of resource pools may be needed for BLLC eRemote UEs and eRemote UEs with full bandwidth capabilities.
Option 2. FDM between PSCCH / PSSCH from UE and system perspective (Similar to R14).
The structure of R14 PSCCH/PSSCH resource pool configuration (mode-3/4) is more suitable for wearable and IoT use cases and has several inherited advantages:

· The sub-channel based physical structure provides inherited support for bandwidth limited low complexity UEs (BLLC UEs). It is also applicable for eRemote UEs with full bandwidth capabilities and thus two types of UEs can seamlessly use the same physical structure of sidelink control and shared channel resources.
· The adjacent allocation of control and shared channel can reduce active duty cycle especially if resource assignment is enabled and thus reduce UE power consumption.
· 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. The R14 sidelink resource pool structure can also simplify handling of multiple transmission/reception processes by eRelay UE. Therefore it enables faster access to resources and flexible resource allocation and sharing among UEs.
Therefore, the R14 like configuration for sidelink resource pools is more suitable for wearable and IoT use cases. It should be noted that R14 sidelink resource pool structure can be taken as a baseline for wearable and IoT use cases, without precluding additional enhancements in terms configuration settings such as 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 resources in time. 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 3
· Sidelink resource pool configuration similar to the one defined in R14 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.

Proposal 6
· The R14 PSCCH/PSSCH resource pool configuration is used as a baseline assumption for sidelink resource pool configuration, not precluding additional enhancements.
· Enhancements to support TDM between control and shared channel and 1 PRB bandwidth are introduced.
· 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.
Proposal 7
· 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

· eNB controlled resource allocation mode is supported.

· In eNB controlled resource allocation mode,

· eNB can control sidelink transmission and reception resources for both eRelay and eRemote UEs.

· eRelay UE can forward eNB control signaling for eRemote UE transmission / reception resources, when eRemote UE is in-coverage or out-of-coverage and linked to eRelay UE.

· FFS eNB control signaling indicating eRemote UE sidelink transmission /reception resource assignment. 
Proposal 2

· Both semi-static and dynamic eNB control signaling are further studied for eRemote and eRelay UE transmission / reception resources.

Proposal 3

· eNB can configure/control sidelink and cellular link monitoring occasions for eRelay and eRemote UEs on top of sidelink resource pool configurations.

Proposal 4

· eRelay UE can control radio-resources used for transmission and reception by eRemote UEs within sidelink resource pools, configured by eNB.

· FFS control signaling details
· Define mechanisms to align eRelay UE sidelink operation and cellular UL transmission to facilitate conflict-free evolved UE-to-NW relaying.

Proposal 5

· Further study benefits of eRemote UE assisted resource allocation.

Proposal 6

· The R14 PSCCH/PSSCH resource pool configuration is used as a baseline assumption for sidelink resource pool configuration, not precluding additional enhancements.
· Enhancements to support TDM between control and shared channel and 1 PRB bandwidth are introduced.
· Signaling mechanism is used to enable TDM multiplexing of PSCCH and PSSCH from single UE perspective.
Proposal 7

· 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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