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1 Introduction

At the RAN1#88bis, the sidelink UE-to-NW Relaying 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
· Evolved UE-to-NW Relay UEs support all DL/UL/SL system bandwidth capabilities (i.e. system BW from 1.4MHz and above is supported)

· BW limitations are supported for Remote UEs

· RAN1 focuses on UEs that can transmit and receive in at least 6 PRBs at the upcoming meetings (till RAN1#89).

· RAN1 can study whether 1 PRB BW limitation can be supported by reusing solutions similar to the ones defined for 6 PRB case at least for physical layer design

Agreement
· Two types of Remote UEs are considered
· Type 1 – UEs that have DL and SL reception capabilities 

· Type 2 – UEs that do not have SL reception capabilities

· Low complexity Remote UEs can have single RX chain 

· In unidirectional relaying case, the chain can be fixed to DL or FFS switched to SL for discovery

· In bidirectional relaying case, the receiver chain may be switched between DL and SL for discovery and communication

· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE
Agreement

· Continue analysis of unidirectional UL and bidirectional relaying modes and identify commonality from physical layer perspective


In this contribution, we continue discussion on enhanced sidelink UE-to-NW relaying (eRelay), 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 Evolved UE-to-NW Relaying Modes

2.1 Bidirectional Relaying

Bidirectional relaying may need to be separately analyzed for UEs with single and multiple RX chains, given that multiple RX chains can be used to simultaneously monitor DL and SL reception. Single RX chain Remote UEs can be used as a baseline for analysis, since the same design principles can be applied to UEs with multiple RX chains but not vice versa. In addition, the design options for bidirectional relaying may differ in case of in-coverage (coverage-limited) or partial coverage scenarios. The bidirectional relaying enabled for partial coverage scenario can be re-used in other scenarios as well and therefore can be considered as a universal solution.
Observation 1
· Partial coverage scenario and single RX chain eRemote UEs can be considered as a baseline for bidirectional relaying design.
2.1.1 Synchronization

In case of bidirectional relaying, Type-1 eRemote UEs can derive synchronization from eRelay UEs that is not feasible for Type-2 eRemote UEs (unidirectional relaying). The main open question is when Type-1 eRemote UE can switch to SLSS based synchronization. In our view, the same conditions as used to switch from cellular to relaying mode can be reused by eRemote UE.
Observation 2
· Type-1 eRemote UEs with single RX chain can use SLSS based synchronization when switch from Uu to PC5 air-interface.

· Type-1 eRemote UEs with multiple RX chains can use either eNB or SLSS based synchronization for sidelink communication (which synchronization source to use is left up to UE implementation).

2.1.2 Discovery

For the case of bidirectional relaying (i.e. Type-1 UEs), both discovery models (Model A and Model B) can be reused for eRelay UE discovery with some enhancements as summarized in [6]. The following discovery enhancements are beneficial and proposed to support bandwidth limited low complexity Type-1 UEs:
· For non-transparent to L2 discovery procedure

· Association of discovery transmission/reception and communication transmission/reception resources

· eNB assistance signaling for efficient discovery procedure of Relay UEs

· For transparent to L2 discovery procedure

· Multi-shot discovery transmissions

· Association of discovery and communication pools for transmission/reception

2.1.3 Resource Allocation

Sidelink resource allocation enhancements for bidirectional relaying are discussed in our companion contribution [7].
2.1.4 ACK/NACK Feedback

Mechanisms of ACK/NACK feedback on Uu and PC5 links can be different (see in Figure 1). For Uu link, HARQ (L1) and RLC AM (L2 ARQ) mechanisms can be enabled. For PC5, currently only RLC AM (L2 ARQ mechanism) was agreed.
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Figure 1: Bidirectional DL & UL Relaying.

Operation on Uu link (eNB – eRelay UE)
In case of bi-directional relaying, the legacy HARQ mechanism can be reused at the Uu link in both DL and UL transmission directions. The enhancements aiming to reduce half-duplex constraints at eRelay UE can be beneficial. For instance, instead of acknowledging each DL transmission from eNB, eRelay UE can acknowledge multiple PDSCH transmission using single UL transmission, combining multiple ACK/NACKs. It will help to utilize eRelay UE chains for sidelink communication with eRemote UE(s) and thus increase the overall relaying throughput at least in FDD spectrum. For UL transmission direction, the legacy HARQ behavior for PUSCH can be preserved given, that eRelay UE is supposed to have dedicated RX chain for DL reception.
Operation on PC5 link (eRelay UE – eRemote UE)
For operation on PC5 link, the RLC AM (ARQ mechanism) can be sufficient in both transmission directions: Sidelink-DL and Sidelink-UL. The only question that needs to be discussed is which physical channel/format can carry RLC AM more efficiently. In particular, the following options need to be analyzed: PSCCH, PSSCH, piggybacking with PSCCH/PSSCH.

Proposal 1
· In case of bidirectional relaying,

· DL HARQ enhancements on cellular link are supported to reduce half-duplex impact due to PDSCH acknowledgements from eRelay UE.
· UL HARQ can be reused, given that eRelay UE has dedicated chain for DL reception.

· On sidelink only RLC-AM signalling is used. FFS on signalling and channel to carry RLC-AM.
2.1.5 Measurements

PC5 Measurements

In case of bidirectional relaying, the sidelink measurements can be done by both eRelay and eRemote UEs. These measurements can be utilized for sidelink power control between eRelay and eRemote UEs, eRelay selection, switching from cellular to relaying modes, selection of resource for sidelink transmission (e.g. selection of frequency sub-channel).

Proposal 2
· In case of bidirectional relaying, both eRelay and eRemote UEs perform sidelink measurements to facilitate sidelink power control, eRelay UE selection, switching between cellular and relaying communication mode as well as for resource selection/adaptation.
· At least RSRP and RSSI sidelink measurements are supported. FFS channels/signals used for sidelink measurements by eRelay and eRemote UEs.
Uu Measurements

The existing legacy RSRP/RSSI/RSRQ measurements are sufficient for eRelay and eRemote UEs and can be reused in eRelay UE selection procedure or path switching procedures by eRemote UEs.
2.1.6 Sidelink Power Control

In case of Type-1 eRemote UEs, both eRelay and eRemote UEs can control sidelink transmit power of each other. In general, the sidelink transmit power control settings should be dependent on pathgain between eRelay and eRemote UEs, similar to UL open loop power control, but should not exceed UL transmission power settings by certain offset to avoid excessive interference for cellular UL reception. The both eRelay and eRemote UEs may request sidelink transmit power adjustments. The both eRelay and eRemote UEs may additionally take into account interference over thermal noise ratio to adjust sidelink transmit power and improve sidelink spectrum efficiency or reliability. More details on power control enhancements are provided in our companion contribution [8].
Proposal 3
· In case of bidirectional sidelink relaying, two independent sidelink power control loops are supported: one by eRemote UE and one by eRelay UE.
2.2 Unidirectional Relaying
The unidirectional relaying assumes forwarding of UL transmission from the eRemote UE by the eRelay UE. In this section, we analyze main implications of this mode on system design assuming that the eRemote UE does not have SL reception capabilities: i.e. Type-2 UE is assumed as an eRemote UE in this section. In addition, we assume that eRemote UE has single RX chain that is fixed/tuned to the DL carrier for reception from the eNB.
2.2.1 Synchronization

The unidirectional UL relaying can be supported only for in-coverage Type-2 eRemote UEs, since these UEs are not expected to receive SLSS and read PSBCH. The unidirectional relaying may be also enabled in the coverage limited scenario, when eRemote UE is synchronized to eNB. In coverage limited conditions, this may be a disadvantage for eRemote UEs in terms of power consumption due to the need to keep synchronization track with eNB in enhanced coverage mode.
Observation 3
· For Type-2 UEs, unidirectional relaying can be supported only for in-coverage eRemote UE(s).

· Coverage limited conditions of eRemote UE(s) deriving synchronization from eNB may negatively affect UE power consumption.

2.2.2 Discovery

Type-2 eRemote UE can transmit a discovery message in PSDCH but cannot receive PSDCH. Therefore the conventional discovery Model-A cannot be used for eRelay UE discovery. In addition, sidelink discovery Model-B cannot be directly reused given that UE cannot receive the response message on PSDCH. Therefore, for the unidirectional mode an eNB assistance signaling is needed to discover eRelay UE by eRemote UE.
Observation 4
· In case of Type-2 eRemote UEs, legacy discovery models (Model-A and Model-B) cannot be directly reused for eRelay UE discovery, based on R13 Relay discovery procedure.

· In case of Type-2 eRemote UEs, the eNB assistance is needed to discover eRelay UEs and pair them with eRemote UEs.
The eRelay UE can be assigned with or without explicit sidelink discovery transmission by eRemote UEs. In case if explicit discovery procedure is used, the eRelay UE can receive the discovery message from eRemote UE, measure SD-RSRP and report this information to eNB that can handle the rest of connection establishment procedure. In case if there is no explicit discovery transmission by eRemote UE, eNB may know location information for eRemote and eRelay UE and use it to directly trigger connection establishment, providing necessary assistance information to eRemote and eRelay UEs.

Observation 5
· eRelay UE can be assigned by eNB to serve eRemote UE(s), with or w/o explicit discovery transmission on sidelink.
In our view, the PSDCH based discovery for Type-2 eRemote UE should be supported. For instance, the modification of Model-B discovery can be considered. For this reason, eRelay UE can discover eRemote UEs and report to eNB. Then eNB can finally link eRelay and eRemote UEs with each other.
Proposal 4
· In case of unidirectional relaying,

· Type-2 eRemote UE transmits discovery solicitation message (request for eRelay).

· eRelay UEs discover eRemote UEs at radio-layers and report information about discovered eRemote UEs to eNB, including information on SD-RSRP measurement and relevant PSDCH message content.

· eNB assigns the eRelay to serve particular eRemote UE(s) in terms of unidirectional relaying (i.e. links eRemote and eRelay UEs).
2.2.3 Resource Allocation

The resource allocation options are further discussed in details in our companion contribution [7]. For the unidirectional relaying case only eRemote UE autonomous or eNB-controlled transmissions are possible due to unavailability of reception at SL.
2.2.4 ACK/NACK Feedback

In case of unidirectional relaying, the eRelay UE is supposed to relay “UL signaling” of eRemote UE(s), including UL control/data and ACK/NACK feedback on DL transmissions to the eRemote UE from the eNB. The DL control/data and ACK/NACK feedback on UL transmissions can be directly received by eRemote UE.

In case of unidirectional relaying, the eRelay UE does not need to monitor DL transmission for eRemote UE, since it cannot transfer those to eRemote UE which does not have SL reception capabilities. On the other hand eRemote UE should not send ACK/NACK on DL traffic directly to eNB since this will reduce the benefits of unidirectional relaying in UL and increase eRemote UE power consumption. Therefore, the following options can be considered:

· Option 1. HARQ-less DL transmission to eRemote UE. In this case, HARQ is not supported for DL Uu transmissions that can reduce the DL coverage of eRemote UE and system spectral efficiency, especially if eRemote UEs operate in enhanced coverage mode. Note that in case of HARQ-less operation it is still possible to utilize RLC-based ARQ mechanism to inform eNB about DL reception status at eRemote UE.
· Option 2. HARQ-based DL transmission to eRemote UE.
· Option 2a. eRemote UE directly acknowledges reception of DL traffic to eNB. This option contradicts the spirit of unidirectional relaying principle, which assumes forwarding of UL transmissions by eRelay UE and thus can increase eRemote UE power consumption. The certain level of power saving can be achieved if eRelay UE acknowledges multiple DL transmissions.
· Option 2b. eRemote UE acknowledges reception of DL traffic to eRelay UE, which further forwards it to eNB. This option can be similar to the bidirectional relaying mechanism, where eRemote UE interfaces with eNB through eRelay UE. However it may be difficult to support DL HARQ, given that only RLC AM is currently considered for sidelink.
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Figure 2: Unidirectional UL Relaying.

In case of Sidelink-UL transmission direction, the eRelay UE can use legacy procedure for UL PUSCH. The eNB can route RLC AM message directly to eRemote UE through PDSCH signalling.

Observation 6
· In case of unidirectional relaying,

· For cellular links (DL/UL),

· DL HARQ is challenging to support due to lack of L1 HARQ feedback on sidelink.
· UL HARQ can be reused on cellular link.

· For sidelink,
· Sidelink-UL ACK/NACK (RLC AM Status Report) can be signaled directly through PDSCH.

· Sidelink-UL ACK/NACK (RLC AM Status Report) can be signaled through eRelay using PSSCH and PUSCH channels.

Proposal 5
· In case of unidirectional relaying, further study details of ACK/NACK feedback on different links.
2.2.5 Measurements

PC5 Measurements

In case of unidirectional relaying the sidelink measurements can be done by eRelay UE. eRelay UE can measure SD-RSRP to extract pathgain between eRelay UE and Type-2 eRemote UE. This measurement can be used by eRelay UE to decide which Type-2 eRemote UE to serve. In addition, it can be reported to eNB to select eRelay UE that can better serve given Type-2 eRemote UE. The additional RSRP measurements can be done by eRelay UE over PSCCH/PSSCH during communication phase. In addition, eRelay UE can perform frequency selective SL-RSSI measurements to identify activity in frequency resources and select the best resource for reception from eRemote UE.
Proposal 6
· In case of unidirectional relaying,
· eRelay UEs report to eNB SD-RSRP measurements from eRemote UEs to optimize eRelay UE selection.
· eRelay UEs support PSCCH/PSSCH-RSRP/RSRQ or SL-RSSI measurements to optimize resources for sidelink communication with eRemote UE.
Uu Measurements
The legacy RSRP/RSSI/RSRQ measurements are sufficient for eRelay and eRemote UEs and can be reused in eRelay UE selection procedure or path switching procedures by eRemote UEs.
2.2.6 Sidelink Power Control

In case of unidirectional relaying, sidelink power control at eRemote UE should be enabled through eNB, since eRelay UE cannot communicate with eRemote UE. In order to perform sidelink power control eRelay UE should be able to request eNB to adjust TX power of eRemote UE. Alternatively, eNB can signal the SL-RSRP measured by eRelay UE to eRemote UE to adjust eRemote UE transmit power.

Proposal 7
· In case of unidirectional relaying, Type-2 eRemote UE sidelink power control is done through eNB.

· eRelay UE can request eNB to adjust transmit power of eRemote UE.

· eNB can signal sidelink RSRP value measured by eRelay to eRemote UE.
3 Comparison of Unidirectional and Bidirectional Relaying
In this section, we provide comparative analysis of unidirectional and bidirectional relaying in terms of selected L1 design aspects. The summary of analysis is provided in Table 1.
Table 1: High level overview/comparison of unidirectional and bidirectional evolved UE-to-NW relaying
	L1 Design Aspect
	Bidirectional Relaying
	Unidirectional Relaying

	Synchronization
	· eRemote UE coverage: In-coverage and partial coverage scenarios.

· Sync source: eNB or eRelay UE (SLSS)
	· eRemote UE coverage: In-coverage scenario only

· Sync source: eNB

	Discovery
	· PSDCH based eRelay discovery is possible

· Discovery Models A and B need to be distinguished at radio-layers

· eRelay UE can use Model A discovery, Enhancements are needed to improve discovery efficiency for BL eRemote UEs [6]
· eRemote UE can use Model B discovery but enhancements are needed to improve discovery efficiency for BL UEs [6]
	· PSDCH based eRelay discovery is not possible

· eRelay UE cannot use Model A/B discovery

· eRemote UE can use Model B solicitation transmission, however response should be routed from eNB.
· eNB assistance is needed to discover eRelay UE and establish connection.

	Relaying operation
	· DL reception is from eRelay UE
· UL transmission is through eRelay UE
	· DL reception is from eNB

· UL transmission is through eRelay UE

	Resource management 
	· eNB and/or eRelay can control eRemote UE TX/RX resources
· eRemote UE can use autonomous resource allocation mode
	· Only eNB can control eRemote UE TX/RX resources
· eRemote UE can use autonomous resource allocation mode

	ACK/NACK Feedback
	· Uu link: Legacy HARQ operation can be reused for DL and UL transmission with potential enhancements for DL
· PC5 link: Signaling for RLC-AM / decoding status needs to be defined.
	· Uu link: Legacy principle of operation can be reused for UL only. Modifications are needed for DL HARQ support, which do not seem trivial.
· PC5 link: Signaling for RLC-AM / decoding status needs to be defined. 
Sidelink DL RLC AM can be routed through eRelay UE (PSSCH and PUSCH)
Sidelink UL RLC AM can be send directly through PDSCH

	Measurements
	· Both eRelay and eRemote UE can perform sidelink measurements (e.g. PC5 RSRP/RSSI)
	· eRemote UE cannot perform sidelink measurements.

	Sidelink power control
	· Bidirectional sidelink power control is possible w/o close eNB involvement, i.e. sidelink power control at the eRelay and eRemote UE side.
	· eRelay UE cannot directly adjust TX power of Type-2 eRemote UEs. eRemote UE sidelink power control can be done through additional eNB signaling.


Proposal 8
· Capture comparative analysis of L1 aspects for bidirectional and unidirectional relaying summarized in Table 1 in 3GPP TR 36.746.

4 Summary

In this contribution, we provided our views on UE-to-NW relaying modes as a part of sidelink physical layer enhancements for wearable and IoT use cases. In summary, we have following proposals:
Proposal 1
· In case of bidirectional relaying,

· DL HARQ enhancements on cellular link are supported to reduce half-duplex impact due to PDSCH acknowledgements from eRelay UE.
· UL HARQ can be reused, given that eRelay UE has dedicated chain for DL reception.

· On sidelink only RLC-AM signalling is used. FFS on signalling and channel to carry RLC-AM.
Proposal 2

· In case of bidirectional relaying, both eRelay and eRemote UEs perform sidelink measurements to facilitate sidelink power control, eRelay UE selection, switching between cellular and relaying communication mode as well as for resource selection/adaptation.

· At least RSRP and RSSI sidelink measurements are supported. FFS channels/signals used for sidelink measurements by eRelay and eRemote UEs.
Proposal 3

· In case of bidirectional sidelink relaying, two independent sidelink power control loops are supported: one by eRemote UE and one by eRelay UE.
Proposal 4

· In case of unidirectional relaying,

· Type-2 eRemote UE transmits discovery solicitation message (request for eRelay).

· eRelay UEs discover eRemote UEs at radio-layers and report information about discovered eRemote UEs to eNB, including information on SD-RSRP measurement and relevant PSDCH message content.

· eNB assigns the eRelay to serve particular eRemote UE(s) in terms of unidirectional relaying (i.e. links eRemote and eRelay UEs).
Proposal 5

· In case of unidirectional relaying, further study details of ACK/NACK feedback on different links.
Proposal 6

· In case of unidirectional relaying,

· eRelay UEs report to eNB SD-RSRP measurements from eRemote UEs to optimize eRelay UE selection.
· eRelay UEs support PSCCH/PSSCH-RSRP/RSRQ or SL-RSSI measurements to optimize resources for sidelink communication with eRemote UE.
Proposal 7

· In case of unidirectional relaying, Type-2 eRemote UE sidelink power control is done through eNB.

· eRelay UE can request eNB to adjust transmit power of eRemote UE.

· eNB can signal sidelink RSRP value measured by eRelay to eRemote UE.
Proposal 8

· Capture comparative analysis of L1 aspects for bidirectional and unidirectional relaying summarized in Table 1 in 3GPP TR 36.746.
5 References

[1] RP-161839, “Study Item Proposal - Further Enhancements LTE Device to Device, UE to Network Relays for IoT and Wearables”

[2] R1-1707327, “Evaluation of Sidelink Communication Enhancements for Wearable-centric Scenario”, Intel Corporation, Hangzhou, China, May 2017.

[3] R1-1707328, “Evaluation of Sidelink Communication Enhancements for IoT-centric Scenario”, Intel Corporation, Hangzhou, China, May 2017.

[4] R1-1707329, “Evaluation of Sidelink Discovery Enhancements for Wearable and IoT Use Cases”, Intel Corporation, Hangzhou, China, May 2017.

[5] R1-1707330, “Sidelink Synchronization Enhancements for Wearable and IoT Use Cases”, Intel Corporation, Hangzhou, China, May 2017.

[6] R1-1707331, “Sidelink Discovery Enhancements for Wearable and IoT Use Cases”, Intel Corporation, Hangzhou, China, May 2017.

[7] R1-1707333, “Sidelink Resource Allocation and Configuration for Wearable and IoT Use Cases”, Intel Corporation, Hangzhou, China, May 2017.

[8] R1-1707334, “Sidelink Power Control for Wearable and IoT Use Cases”, Intel Corporation, Hangzhou, China, May 2017.
[9] R1-1707335, “Sidelink Feedback Information and Signalling for Wearable and IoT Use Cases”, Intel Corporation, Hangzhou, China, May 2017.
PAGE  
6/8

eRemote UE
eRelay UE
eNB
Half Duplex Constraint
DL Data
DL ACK/NACK
UL Data
UL ACK/NACK
SL-DL Data
Sidelink-DL ACK/NACK
(RLC AM Status Report)
SL-UL Data
LTE PC5:
L2 RLC AM (ARQ)
LTE Uu:
L2 RLC AM (ARQ) + L1 HARQ
Sidelink-UL ACK/NACK
(RLC AM Status Report)



eRemote UE
eRelay UE
eNB
DL Control/Data
Sidelink-DL ACK/NACK  (RLC AM Status Report)
UL Control/Data
Sidelink-DL ACK/NACK (RLC AM Status Report)
SL-UL Control/Data
Cellular UL (HARQ)
ACK/NACK
Sidelink-UL ACK/NACK
(RLC AM Status Report)



