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1 Introduction

At RAN#72, the study item “Further enhanced Device-to-Device communication for wearable IoT and Relays” was approved with the following RAN1 objectives [1]:

	2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focusing on analysis of wearable use cases [RAN1, RAN2].

b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].

c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].


Our initial views on sidelink design enhancements for wearable and IoT use cases were presented in [2]. In this contribution, we focus on communication and UE-to-NW relaying aspects for wearable and IoT use cases, while our considerations on sidelink synchronization and discovery and other aspects are provided in our companion contributions [3]-[7].

2 Sidelink Communication Enhancements

2.1 Fundamentals of Energy Efficient Communication

For energy efficient communication with infrequent transmissions (typical traffic for MTC terminals or low end wearables), terminals should be in switched off state most of the time. Therefore the mechanisms of fast (re)connection should be considered on top of possible periodic wakeup and polling processes of remote terminals. In order to save power and time for fast connection, the dedicated resources/channels may be allocated.
The reduced sidelink functionality at remote UE is another key factor to lower complexity and increase energy efficiency. For instance, at least in terms of sidelink operation, device may support transmission only, reception only or both functionalities and simplified L1 sidelink processing.
Given that the time of active transmission/transaction is linearly proportional to radiated energy (energy consumption), it is also desirable to enable fast transfer time rather than transmit packets over long transmission duration.
Observation 1
· For energy efficient communication with infrequent transmissions, at least the following key aspects should be considered
· UEs should be in off state most of the time;
· Mechanisms for fast connection or reconnection to assisting cellular UE;
· Low complexity sidelink functionality (e.g. transmission only, reception only, simplified baseband complexity);
· Minimization of the session / packet transfer time.

2.2 Resource Allocation
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 2
· Frequency sub-channelization is needed for sidelink communication with bandwidth limited Remote UEs.
· Partitioning on multiple narrow-band resource pools while keeping the R12 UE behavior is not efficient in terms of system resource utilization and UE power consumption.
· Random resource selection is not applicable at least for reception by bandwidth limited UEs, since they cannot process all pools simultaneously.
2.3 Resource Pool Configuration 
The LTE PSCCH and PSSCH resource pool configurations vary depending on different sidelink resource allocation modes (mode-1/2/3/4).  See Figure 1.
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Figure 1: Resource pools for R12/13/14 sidelink channels.

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;
· PSCCH resource hopping is defined within PSCCH resource pool, which is not needed for bandwidth limited devices and unicast type of communication.
The 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 UEs. 
· 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.
· 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 new use cases. The additional enhancements to support TDM between control and shared channel as well as narrow bandwidth allocations (1 PRB) need to be supported.
Observation 3
· Sidelink resource pool configuration similar to the one defined in R14 is more beneficial for wearable and IoT scenarios.
Proposal 1
· The R14 PSCCH/PSSCH resource pool configuration is used as a baseline assumption for wearable and IoT use cases.
· Enhancements to support TDM between control and shared channel and 1 PRB bandwidth are introduced.
2.4 Resource Selection and Radio-Resource Management

For sidelink wearable and IoT scenarios, the Relay UE may operate with multiple devices (Remote UEs). In case if Relay UE supports connection with multiple Remote UEs, it needs to be able to efficiently manage resources between Remote UEs in order to provide conflict free operation (i.e. manage resources as a sidelink radio head). Assuming that Relay UE can operate in a wide bandwidth, it may multiplex transmission/reception from and towards Remote UEs either in frequency or time. However, even for that case the half-duplex conflict on sidelink transmission and reception should be avoided. At least from reception perspective, Relay UE already can support reception from multiple terminals which is a common assumption for sidelink operation, however it may require additional considerations for wearable and IoT use cases, including enhancements of resource allocation and sidelink power control.
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Figure 2: Radio-resource management by assisting cellular device (Relay UE).

Observation 4
· The radio-resource management function can be enabled at Relay UE (under eNB control) to support concurrent communication with multiple Remote UEs or avoid conflict in terms of cellular and sidelink operation.
Proposal 2
· Relay UE can perform radio-resource control functions when communicates with Remote UEs.
2.5 UE-to-NW Relaying

Switching between Uu and PC5 air-interfaces

According to legacy UE-to-NW relaying behavior, the criteria to serve as a Relay UE depends on the RSRP threshold towards eNB, which was enabled mainly to support partial coverage scenario, when Relay UE are pushed to cell border. It is clear that this is not a reasonable option at least for a wearable use case and when power consumption of Remote UE is a dominant factor. Therefore, additional criteria for Uu and PC5 switching may be evaluated.
Observation 5
· In order to serve as a Relay UE, the Uu RSRP threshold should not be the primary condition, since it is of much lower relevance for wearable and IoT use cases.
Conflict free operation with cellular links

Random resource selection defined for sidelink communication in R12-R13 is energy inefficient for sidelink relaying. The 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 because of concurrent UL transmission. The energy efficient relaying implies conflict free operation on cellular links and sidelinks and therefore mechanism to coordinate resources for transmission and reception on cellular and sidelinks are necessary (i.e. across eNB, Relay UE and Remote UE). One of the ways to avoid conflicts on sidelink is to assign transmission and reception resource for Remote UE by Relay UE or eNB. At this moment there is no such a signaling defined for sidelink, since relaying introduced in R13 is transparent to radio-layer, at least from communication perspective.
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Figure 3: Conflict free operation in terms of transmission/reception for UE-to-NW Relaying.
Proposal 3
· Support signaling mechanisms to coordinate resources for transmission and reception on sidelink and cellular links and enable conflict-free relaying operation.
Multi-hop and UE-to-UE relaying

In general, the UE-to-NW relaying may be extended to multiple hops and UE-to-UE relaying. However, in our view this functionality may be needed in a relatively small number of use cases and therefore should not be a part of radio-layer optimization in the scope of the current study item, not precluding such functionality at upper layers.
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Figure 4: Multi-hop and UE-to-UE relaying.
Relaying modes
When UE-to-NW relaying is designed, it is important to discuss whether a bidirectional relaying (i.e. DL and UL relaying) or unidirectional (i.e. DL or UL relaying) are to be supported. In our view, the bidirectional relaying mode is a more general option that can be also applied in partial coverage scenarios or when Remote UE is coverage limited. On the other hand depending on future progress in design it may happen that unidirectional communication may require reduced Remote UE complexity especially in FDD spectrum where the single RX chain of the terminal can be tuned to DL carrier and avoid retuning from DL to UL and back. Therefore we recommend RAN1 to study both design options, focusing on bidirectional relaying mode with higher priority due to it more universal nature. 
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Figure 5: Bidirectional and unidirectional relaying modes.
Proposal 4
· Study both bi-directional and unidirectional relaying modes and analyze implications on UE complexity and behavior.

· Focus on support of bi-directional relaying mode as a more universal solution.
2.6 Sidelink Power Control

The sidelink power control is another missing component that was not introduced mainly due to broadcast nature of sidelink communication. For wearable use case and for relaying, the unicast type of sidelink communication is a more typical scenario. Therefore, the benefits of sidelink power control need to be evaluated to reduce power consumption at sidelink transmitter and reduce the level of interference at sidelink due to excessive transmission power for short range communication. Our initial system level evaluation results [4] have shown significant benefits of using sidelink power control.
Proposal 5
· Introduce support of sidelink power control (details FFS).

2.7 Sidelink Link Adaptation / Feedback

For sidelink operation in R12-R14, there is no any mechanism for SL link adaptation (CQI adjustment/reporting). The CQI level to use for transmission is either determined by UE implementation or pre-configured by eNB. Besides CQI, there is no even mechanism to inform transmitter about packet error at the receiver side, given that multicast/broadcast nature of communication was assumed as a main focus for sidelink R12-R14 design. For wearable and IoT use cases, at least radio layer mechanism for error recovery should be introduced in order to ensure more reliable communication/forwarding and also as a mechanism to save power, which can prevent unnecessary retransmissions at higher layers causing additional UE power consumption.
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Figure 6: Bidirectional and unidirectional relaying modes.
Observation 6
· Sidelink feedback mechanism may benefit both reliability of unicast communication and UE power consumption. RAN1 needs to study benefit of using L1 and L2 feedback for different scenarios.
· Link adaptation based on standardized CQI reporting / adjustment mechanisms may lead to increased complexity with no evident gains especially in case of infrequent transmissions.
Proposal 6
· Further study different types of feedback mechanisms suitable for different types of Remote UEs.

2.8 Baseband Complexity
Waveform and FEC considerations
For wearable and IoT scenarios, the complexity of the terminals is of high importance. The support of sidelink in eMTC and NB-IoT terminals should not add significant complexity to Remote UEs (wearable and IoT) terminals. Therefore careful considerations should be made in terms of waveform and FEC schemes utilized for sidelink communication between assisting cellular terminal (Relay UE) and Remote UEs. For cellular operation these devices receive OFDM waveform and transmit SC-FDMA waveform. In addition, NB-IoT terminals do not have CTC decoder but do have CTC encoder. Therefore it needs to be discussed whether NB-IoT terminal should use CTC decoder for sidelink or TBCC should be preserved. In general, it may be possible to emulate eNB type of transmission on sidelink resources by Relay UE (assisting cellular terminal), which may be almost transparent in terms of Remote UE demodulation behavior, but will additionally increase complexity of Relay UE.
Half-Duplex
For eMTC and NB-IoT types of terminals, the HD mode of transmission is a main mode of operation due to cost/complexity reduction considerations. The specific of HD operation should be considered when sidelink is integrated to NB-IoT and eMTC terminals.

Amount of RX chains
The single RX chain is another important consideration for NB-IoT and eMTC type of devices and should not be reconsidered when sidelink is integrated. For Relay UE, it may be considered to enable devices that utilize one chain for DL reception and one chain for sidelink reception, instead of having two chains for both DL and SL reception in case of FDD.
3 Summary

In this contribution, we provided our views on sidelink physical layer enhancements for wearable and IoT use cases. In summary, we have following proposals to improve sidelink communication framework:
Proposal 1
· The R14 PSCCH/PSSCH resource pool configuration is used as a baseline assumption for wearable and IoT use cases.
· Enhancements to support TDM between control and shared channel and 1 PRB bandwidth are introduced.
Proposal 2
· Relay UE can perform radio-resource control functions when communicates with Remote UEs.
Proposal 3
· Support signaling mechanisms to coordinate resources for transmission and reception on sidelink and cellular links and enable conflict-free relaying operation.
Proposal 4
· Study both bi-directional and unidirectional relaying modes and analyze implications on UE complexity and behavior.

· Focus on support of bi-directional relaying mode as a more universal solution.

Proposal 5
· Introduce support of sidelink power control (details FFS).

Proposal 6
· Further study different types of feedback mechanisms suitable for different types of Remote UEs.
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