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1. Introduction

In RAN1 #88bis, the following agreements were made related to remote UE capabilities for feD2D:

	 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 this contribution, we focus on the Type 2 UEs and discuss some design aspects related to unidirectional relaying (including the FFS in the agreement above).
· Section 2 discusses the proposals.
· Section 3 concludes the contribution.

2. Discussion on unidirectional relaying
2.1. UE capability for Type 2 UEs
As agreed in RAN1 #88bis, Type 2 UE are such that they do not have sidelink reception capabilities. The key motivation to consider Type 2 UE is for low-cost. For sidelink reception (on a FDD channel), the UE requires to additional RF components to be able to receive on the UL spectrum. Figure 1 shows an example RF architecture for Type 1 UE – that supports SL reception (non-simultaneous with DL reception), and highlights the additional RF components (in green color) that are needed over Type 2 UE to support reception on UL spectrum of an FDD band. Furthermore, the RF performance is impacted due to increased losses on UL path (PA output power will thus need to be increased that increase the emissions) and additional leakage paths [R4-145730].
Additionally, SL reception will need baseband support to be able to receive PSCCH, PSSCH (that resemble PUSCH instead of PDSCH) and synchronization SLSS/PSBCH signals and channels.
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Figure 1: Example RF architecture for Type 1 UE with reception capabilities on SL for FDD bands (assuming non-simultaneous SL and DL reception). The RF components in green color indicate the additional RF components needed for this purpose as compared to Type 2 UEs.
Thus, type 2 UE are attractive from low-cost perspective (both RF and baseband perspective). With Type 2 UEs, only unidirectional relaying is possible – i.e., relayed UL and direct DL. In the RAN1 #88bis agreement, it was FFS whether “the chain can be fixed to DL or FFS switched to SL for discovery”. For this FFS, we note that from Figure 1, the Type 2 UE may not even have the RF components to receive on the UL spectrum (of FDD bands) or have the baseband capability to receive SL channels. Thus, for Type 2 UE it’s not possible for the UE to receive SL in any case.
Observation 1: Sideink reception capability requires additional RF components (for FDD bands) and baseband capabilities (for both TDD and FDD).

Observation 2: Type 2 UE will have low-cost advantage over Type 1 UEs.

Proposal 1: For unidirectional relaying, design should focus on Type-2 UEs and assume no SL reception capability at any time and/or for any sidelink procedure (discovery and/or communications).
2.2. Unidirectional relaying procedure
In terms of physical signal design, there is no change between Type 1 and Type 2 UEs. In this section, we briefly outline some high-level procedure that can be used for unidirectional relaying for Type 2 UEs to indicate how the uni-directional relay can work (mostly RAN2/SA2 scope).
2.2.1 Initial attach procedure

Figure 2 shows a possible high level procedure for initial attach procedure for unidirectional relaying with Type 2 UEs. 
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Figure 2: High level depiction of the initial attach procedure for unidirectional relaying with Type 2 UEs.

The key steps can be discussed as follows:

Step 1: The remote UE can transmit on sidelink discovery a message for relay solicitation, including an indication that NAS attach request to follow. For the purpose of attach, the remote UE can also send it’s IMSI on the sidelink discovery message. If the remote UE was attached at a prior time and has a S-TMSI, then it is also possible for the UE to S-TMSI + NAS SR (service request) indication instead. 

Step 2: Relay UE receives the relay solicitation message, and informs the eNB of the remote UE attach request via the SL UE info message. As a response from the eNB, the eNB can setup the relay-remote sidelink connection and grant an L2 ID for that sideilnk connection.

Step 3: eNB sends (via direct DL) to the remote UE a message equivalent to Msg 4 in LTE for RRC connection setup, including the L2 ID for sidelink and allocates a C-RNTI.

At this time the slidelink connection is usable for remote UE to send UL data to Relay UE.

Step 4: Using PC5 sidelink communication channel (and using the L2 ID setup in step 3), the remote UE can transmit the RRC connection setup complete message and actual NAS AR message to the relay UE. The relay UE will know this is relayed data and forward the same to the eNB. Thus, still step can be viewed as a normal UL connection, which happens using the PC5 tunnel via the relay UE. The tunnel operation is depicted in Figure 3.
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Figure 3: Illustration of PC-5 tunnel based UL transmission from remote UE to eNB.
2.2.2 Mobile originated data

We now consider the case where the remote UE is attached to the network and has MO data to send via a relay UE, assuming no relay UE association at this point.
Similar to initial attach procedure, this can be done as depicted in Figure 4. 
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Figure 4: Illustration of PC-5 tunnel based MO data transmission procedure.
2.2.3 Mobile terminated data

Since the remote UE has a direct DL connection, legacy procedure can be used for DL data with UL ACKs sent via the PC5-tunnel to the remote UE.
Observation 3: Initial views on high level procedure for initial attach and MO data procedures is illustrated in Figure 2 and Figure 4 respectively.

3. Conclusions
In this contribution, we make the following observations and proposal on unidirectional relaying for feD2D.
(UE capability for Type 2 UEs)
Observation 1: Sideink reception capability requires additional RF components (for FDD bands) and baseband capabilities (for both TDD and FDD).

Observation 2: Type 2 UE will have low-cost advantage over Type 1 UEs.

Proposal 1: For unidirectional relaying, design should focus on Type-2 UEs and assume no SL reception capability at any time and/or for any sidelink procedure (discovery and/or communications).

(Initial attach, MO data procedures for unidirectional relaying with Type 2 UEs)

Observation 3: Initial views on high level procedure for initial attach and MO data procedures is illustrated in Figure 2 and Figure 4 respectively.
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