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1 Introduction

In RAN#71, the SI named “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed with the objectives of enhancement for the UE-to-NW relaying functionalities and LTE sidelink to enable low complexity/cost/energy IoT and wearables with QoS. From RAN1 perspective, the following objectives are identified [1]:
b) Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
Furthermore, the agreed content of section 5.2 (LTE sidelink enhancements) in [2] captures the potential enhancements on sidelink:

· 5.2.1 General considerations on sidelink enhancements

· 5.2.2 Synchronization aspects

· 5.2.3 Discovery aspects

· 5.2.4 Communication and UE-to-NW relaying aspects

· 5.2.5 Summary and conclusions on LTE sidelink enhancements

In this contribution, we focus on “5.2.4 Communication and UE-to-NW relaying” aspects, more specifically on the issues and potential enhancements related to resource allocation and configuration for sidelink communication with relay UE. Section 2 covers eNB-scheduled sidelink communication and resource allocation aspects, section 3 focuses on autonomous resource selection and section 4 presents sidelink SPS enhancements. 
2 eNB-scheduled sidelink communication with relay UE
eNB-scheduled sidelink communication in UE-to-NW relaying can present certain advantages over non-relayed communication or sidelink communication based on autonomous resource selection, especially in terms of power efficiency, system spectral efficiency and QoS performance, both in-coverage and out-of-coverage scenarios. eNB-control of the scheduling process also allows to consider the duplex constraints at relay/remote UE, and the potential low complexity/cost limitations of remote UEs (e.g. limited number of receiver chains, HD operation, etc.), so allocated resources are not wasted.

For DL relaying, legacy Rel. 12/13 mode-1 resource allocation can be adopted as baseline for scheduled sidelink communication. The eNB notifies the relay UE via DCI5 about the resources to be used for the scheduling assignment (SA) transmission and for the sidelink data communication, and the relay UE sends the SA information to the remote UE to let it know on which resources it should expect the subsequent sidelink data communication. Some enhancement and modification of the SA can be studied, to allow for some kind of relay UE assistance in the scheduling process based e.g. on local sidelink information or measurements. 
Proposal 1: For DL data relaying with scheduled sidelink communication, consider Rel.12/13 mode-1 resource allocation as the baseline. Potential enhancements to complement the sidelink scheduling assignment based on relay UE scheduling assistance can be studied
 However, eNB scheduling via relay UE presents certain challenges in the UL direction that are not fully addressed with current mechanisms (e.g. whether and how to relay SR/BSR). The currently defined L2 relay architecture [2] allows to relay UP/CP data above the adaptation layer, so PHY/MAC scheduling signaling such as SR or BSR is not meant to be relayed.

Two potential solutions can be envisaged for UL relaying with scheduled sidelink communication: 
1) Rel. 12/13 mode-1 resource allocation (i.e. direct exchange of sidelink resource request/allocation between remote UE and eNB and relayed data communication)
2) Both the sidelink resource request/allocation and data communication are relayed

The first option would work per currently standardized mode-1 resource allocation behavior for sidelink communication (Figure 1 below). In this case, the remote UE directly requests sidelink communication resources to the eNB via SR/BSR, and these resources are also directly granted via DCI5 in PDCCH. Afterwards, the remote UE transmits the SA to inform the relay UE on which resources the sidelink communication will happen, and the relay UE monitors those resources to receive the data to be relayed. Once the relay UE receives the data to be relayed, it follows the regular procedure for UL data scheduling over Uu interface. 
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  Figure 1. Rel. 12/13 mode-1 resource allocation for UL data relaying
The advantage of this option is that UL data can be relayed (with the associated benefits) by making use of current mechanisms of eNB-scheduled sidelink communication. On the other hand, this solution might be inefficient in terms of remote UE’s power efficiency (BSR transmitted over Uu) and requires remote UE to be switching between Uu and PC5. It also works only in-coverage scenarios.
Observation 1: Rel. 12/13 mode-1 resource allocation allows for UL data relaying with eNB-scheduled sidelink communication in scenarios with remote UE in-coverage. It requires remote UE to switch between Uu (for sidelink resource request/allocation) and PC5 (for actual data transmission), therefore it might be suboptimal in terms of remote UE power efficiency.
The second option, in which both the sidelink resource request/allocation and the data communication are relayed, is illustrated in Figure 2. In this case, the request for sidelink communication resources sent by remote UE is relayed by the relay UE to the eNB. Based on this request, the eNB allocates sidelink resources and informs the relay UE via DCI5 (step (3) in Figure 2), which allows to later omit SA transmission from remote UE, as the relay UE already knows on which resources the sidelink communication will take place. In step (4), the relay UE forwards the resource allocation to the remote UE, with the possibility to complement/enhance this information if relay UE scheduling assistance is enabled. In step (5), the sidelink communication from remote UE to relay UE takes place on the resources and with the transmission format scheduled by the eNB (and with potential assistance from relay UE). Finally, steps (6)-(8) follow the regular UL scheduling procedure over Uu for the remote UE’s relayed data to reach the eNB.
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Figure 2. Relayed sidelink resource request/allocation and communication in UL data relaying
In this solution, remote UE only makes use of PC5 for sidelink communication. It facilitates the introduction of some level or relay UE assistance in the scheduling process and avoids the need to send SA from remote UE prior to sidelink data communication. It also extends the possibility of eNB-scheduled sidelink communication to scenarios in which the remote UE is out-of-coverage. 
However, a mechanism to relay the SR/BSR from remote UE has to be devised to support this solution, as the current layer-2 UE-to-NW relaying architecture [2] does not support PHY/MAC signaling relaying. Another potential drawback of this alternative is the extra signaling required to get the UL data through the two-hop communication, i.e. additional sidelink SR/BSR sent from relay UE to eNB requesting sidelink communication resources on behalf of the remote UE.  

Observation 2: eNB-scheduled sidelink communication for UL data relaying with sidelink resource request via relay UE is not currently supported. The potential enhancement to enable this option should comply with the agreed layer-2 UE-to-NW relaying architecture in [2]

Observation 3: eNB-scheduled sidelink communication for UL data relaying with sidelink resource request via relay UE is characterized by:

· It facilitates relay UE assistance in the UL scheduling process  
· It avoids the need to transmit SA by remote UE prior to every sidelink communication. 
· Only PC5 is used by remote UE in the UL data relaying process 

· eNB-scheduled sidelink communication can be extended to out-of-coverage scenarios
· It requires to introduce support of sidelink resource request (i.e. SR/BSR) relaying

· It introduces additional signaling overhead (i.e. relayed sidelink SR/BSR) in comparison with Rel. 12/13 mode-1 resource allocation for UL data relaying
Proposal 2: RAN1 is kindly asked to discuss and decide whether Rel. 12/13 mode-1 resource allocation is reused for UL data relaying or whether enhancements to the resource allocation process should be introduced to also relay sidelink communication resource request (i.e. SR/BSR) from remote UE. 
3 Autonomous resource selection/mode-2 
As specified in Rel.12/13, in sidelink mode-2, a UE employs autonomous resource selection, where collision avoidance and resolution of half-duplex constraint rely on randomization of transmission sub-frames and frequency hopping. 
In the use case of low cost IoT and wearables, a relay UE is close to linked remote UEs and it usually serves multiple remote UEs. To reduce communication latency, concurrent transmissions from a relay to multiple remote UEs and vice versa (multiple remote UEs to a relay) within an SA (scheduling assignment) period should be supported.  For sidelink DL, in an SA period, the relay UE can select the same set of sub-frames for transmissions to multiple remote UEs. The transmissions to remote UEs occupy adjacent frequency resources (PRBs) to maintain single carrier property of SC-FDMA.  For sidelink UL, if power control is employed at each remote UE, in an SA period, these remote UEs connected with the same relay can select the same set of sub-frames for transmissions. They need to occupy different frequency resources (PRBs) to avoid collisions. The above mechanisms could benefit overall system level performance of D2D communications by leaving more sub-frames in a resource pool for use.
Proposal 3: Parallel transmissions from a relay to multiple remote UEs and vice versa (multiple remote UEs to a relay) within an SA period can use the same set of sub-frames for transmissions to improve overall system level performance. 
In mode-2, linked remote UEs select transmission patterns and PRBs independently from the relay UE. There may be collisions between transmissions in some sub-frames, which means the relay UE and remote UEs transmit in the same sub-frame. Due to the half-duplex constraint, a UE cannot receive a PHY packet while transmitting in the same sub-frame. Hence when a collision occurs, the number of PHY packets received by a UE for soft combining is reduced, which would adversely affect UE-to-Network relay performance. The issue becomes more serious for the case where a relay UE serves multiple remote UEs simultaneously.
One possible solution is to configure separate resource pools for relay UE and remote UEs. The resource pools and the transmission patterns should be configured to be the complement of each other, so the transmission patterns can be paired to make a complementary set which are orthogonal in the time domain to avoid the half-duplex constraint. 

If the relay UE and the linked remote UE use the same resource pool, joint allocation of transmission patterns for the two UEs is desired. Resource allocation functionalities of relay UEs should be enhanced so that a relay UE can either perform resource selection for linked remote UEs directly or assist better resource selection at those UEs.
One scheme was proposed in [3]. Within an SA period, the relay UE signals the transmission pattern to the remote UE. The remote UE can use the signaled transmission pattern for subsequent D2D data transmissions. There are some disadvantages associated with this scheme, however. First, the relay UE does not know whether the remote UE will actually transmit or not in an SA period. The relay UE has to transmit the control signaling in each SA period regardless, which might cause unnecessary power consumption and interference to other UEs. Second, the relay UE has to try decoding data for each SA period even there is no data transmitted from the remote UE (unless the remote UE were to transmit an SA in the event of having data to transmit, echoing back the relay UE’s signaled transmission pattern).  
To achieve the similar design goal as above, alternative schemes can be employed. The basic principle is that remote UEs acquire the information on resource selection for data transmission by the associated relay UE before performing their own resource selection for their data transmission.  In one scheme, based on DL traffic amount, a relay UE can determine the number of DL sub-frames, and then randomly select DL sub-frames from the resource pool and frequency resources in those sub-frames. Since a relay UE usually serves multiple remote UEs, DL traffic amount doesn’t change rapidly over SA periods. The relay UE can make the above selections in advance for the next SA period. Then in an SA transmitted in the current SA period, the relay UE may additionally include the information on resources which it will use in the next SA period. To reduce the signaling overhead, the resource information may be limited to the sub-frames (DL sub-frames) in which the relay UE will transmit in the next SA period. 
Proposal 4: Resource allocation functionalities of relay UEs should be enhanced so that a relay UE can assist better resource selection at linked remote UEs. 
Proposal 5: For mode-2, consider that a relay UE informs linked remote UEs sub-frames in which it will transmit in the next SA period.
4 SPS for sidelink communication
It is required in [2] that the relay solution shall support different traffic types including VoIP, streaming services, instant messaging, small data, MTC traffic etc. in an efficient manner. And the relay solution shall allow for various QoS configurations to meet requirements of different services and traffic types. The SPS in sidelink mode-3 (V2X) would fit very well e.g., VoIP services of remote UEs, which make it a good candidate for QoS related enhancements in UE to Network relaying solution. It should be considered to support sidelink SPS in FeD2D at least from the perspective of QoS satisfaction.

Proposal 6: Consider supporting sidelink SPS in FeD2D.
In sidelink mode-3, the eNB scheduled sidelink SPS is supported. A DCI for PC5scrambled by SPS SL-RNTI is sent by the eNB to the transmitter UE to activate the SPS over PC5. The resources for SPS transmission (including SA and data) in time and frequency domain are indicated in the DCI. The transmitter UE periodically transmits SA and associated data accordingly. It can be observed that the SA part is transmitted along with the data part in the SPS transmission over PC5. These are reasonable because the V2X transmission based on PC5 is multicast in essence. New UEs may frequently join the group and cannot successfully decode the data channel if SA is not transmitted. Further, the SA can be used for the collision sensing of V2X UEs. However, for UE-to-Network relaying in FeD2D, the commercial data transmission is usually unicast. And the sensing-related operation is power consuming, which might be not in line with the primary objective of the FeD2D study. If the transmission of SA part can be reduced, some power efficiency gain will be obtained by the transmitter UE.

Regarding the above issues, some enhancements should be considered from the perspective of power efficiency. For example, the grant (e.g, activation, update, release and the corresponding resource allocation) of sidelink SPS can be sent to a relay-remote UE pair, so that both the transmitter UE and the receiver UE can get informed of the sidelink SPS. After the grant of the sidelink SPS are known by both the transmitter UE and the receiver UE, the transmitter UE can transmit data without SA to the receiver UE. Therefore, the transmission of SA part during the SPS transmission can be reduced, which enhances the power efficiency of the transmitter UE. 

Proposal 7: Consider eNB scheduled sidelink SPS of relay-remote UE pair for evolved UE-to-Network relaying framework. 
Another issue is that the legacy eNB scheduled sidelink SPS in V2X only supports in coverage UEs; nevertheless, in FeD2D, the out-of-coverage remote UE can also be in RRC_CONNECTED state, which makes the eNB scheduled sidelink SPS possible for the out-of-coverage remote UEs.

Furthermore, if both the relay UE and the remote UE are in coverage, the grant of sidelink SPS grant can be sent to both the relay UE and the remote UE via DCI at the same time. If the remote UE is out-of-coverage, the grant of sidelink SPS can be relayed by the relay UE from the eNB to the remote UE. Take the sidelink SPS in downlink transmission from the eNB to the remote UE for example. After receiving the grant of sidelink SPS, the relay UE can relay the grant along with the data to the remote UE during the first SPS transmission, in which both the SA and data exist. And then the relay UE does not transmit SA part during the following SPS transmission.

Proposal 8: Consider studying eNB scheduled sidelink SPS for out-of-coverage remote UE via relay UE.
5 Conclusions

In this contribution, an overview of resource allocation aspects for sidelink communication and UE-to-NW relaying has been presented, summarized in the following observations and proposals: 
Proposal 1: For DL data relaying with scheduled sidelink communication, consider Rel.12/13 mode-1 resource allocation as the baseline. Potential enhancements to complement the sidelink scheduling assignment based on relay UE scheduling assistance can be studied

Observation 1: Rel. 12/13 mode-1 resource allocation allows for UL data relaying with eNB-scheduled sidelink communication in scenarios with remote UE in-coverage. It requires remote UE to switch between Uu (for sidelink resource request/allocation) and PC5 (for actual data transmission), therefore it might be suboptimal in terms of remote UE power efficiency
Observation 2: eNB-scheduled sidelink communication for UL data relaying with sidelink resource request via relay UE is not currently supported. The potential enhancement to enable this option should comply with the agreed layer-2 UE-to-NW relaying architecture in [2]

Observation 3: eNB-scheduled sidelink communication for UL data relaying with sidelink resource request via relay UE is characterized by:

· It facilitates relay UE assistance in the UL scheduling process  

· It avoids the need to transmit SA by remote UE prior to every sidelink communication. 

· Only PC5 is used by remote UE in the UL data relaying process 

· eNB-scheduled sidelink communication can be extended to out-of-coverage scenarios

· It requires to introduce support of sidelink resource request (i.e. SR/BSR) relaying

· It introduces additional signaling overhead (i.e. relayed sidelink SR/BSR) in comparison with Rel. 12/13 mode-1 resource allocation for UL data relaying
Proposal 2: RAN1 is kindly asked to discuss and decide whether Rel. 12/13 mode-1 resource allocation is reused for UL data relaying or whether enhancements to the resource allocation process should be introduced to also relay sidelink communication resource request (i.e. SR/BSR) from remote UE. 
Proposal 3: Parallel transmissions from a relay to multiple remote UEs and vice versa (multiple remote UEs to a relay) within an SA period can use the same set of sub-frames for transmissions to improve overall system level performance. 
Proposal 4: Resource allocation functionalities of relay UEs should be enhanced so that a relay UE can assist better resource selection at linked remote UEs. 

Proposal 5: For mode-2, consider that a relay UE informs linked remote UEs sub-frames in which it will transmit in the next SA period.

Proposal 6: Consider supporting sidelink SPS in FeD2D.
Proposal 7: Consider eNB scheduled sidelink SPS of relay-remote UE pair for evolved UE-to-Network relaying framework. 
Proposal 8: Consider studying eNB scheduled sidelink SPS for out-of-coverage remote UE via relay UE.
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