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1 Introduction
In RAN1#88bis, the following agreement has been reached regarding the f2D2D SI [1]: 
	Agreements:

· 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




In RAN2#95[2], it is has been agreed that “RAN2 will initially focus on bidirectional relay design, but should consider impact of the design in unidirectional”. As we are approaching the end of SI, it is right time to discuss how unidirectional relay can work based on the current solution(s). In this paper, we would like to discuss the support of unidirectional relay and Type 2 Remote UE.
Section 2 discusses the proposals.

Section 3 concludes the contribution.
2 Discussion 
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. In order to 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 in order to support reception on UL spectrum of an FDD band. Furthermore, the performance of existing components are also tested due to increased losses on UL path (PA output power will thus need to be increased that increase the emissions) and additional leakage paths [3].

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 remote 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, RAN2 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).

In theory, it is possible that an in-coverage Type-1 Remote UE can adopt the unidirectional relay solution, too. It does not make any sense for remote UEs with more than one RX chain. This scheme, nonetheless, may be particularly useful for UEs with a single RX chain and want to switch between Uu downlink reception and sidelink reception. Such a switching is usually infeasible if the RX chain is consistently used to receive DL traffic via Uu. But for idle mode remote UEs, it may use this capability to discover nearby relays, e.g., reusing the Rel-13 relay discovery scheme. As RAN1 has not ruled out this case completely, RAN2 may also study further about whether there is any benefits to support this case.
Proposal 2: Type 1 remote UE with more than one RX chain shall always use bi-directional relay.

Proposal 3: FFS whether Type 1 remote UE with a single RX chain shall always use bidirectional relay or not.

2.2 Unidirectional relay design issues
According to RAN1 agreement, the Type 2 Remote UE does not support sidelink reception. This means the enhanced Relay UE only relay UL traffic for the Type 2 remote UE. The Type 2 remote UE will receive DL traffic via Uu interface from the eNB directly.

As RAN2 has a working assumption to study the bi-direction relay solutions first, we can assume the enhanced Relay UE supports Type 1 remote UE as a bi-directional relay by default. Are there any technical difficulties for such a relay UE to support Type 2 Remote UE?  We can examine from several aspects as described below.

2.2.1 Discovery

It has been agreed by RAN2:

For PC5, legacy relay discovery procedure is assumed to be used as a baseline. The legacy discovery physical channel is assumed to be used and the size of the discovery message is assumed to be fixed to 232 bits as the legacy discovery message size.
However, for Type-2 remote UE without sidelink reception capability, Rel-13 legacy discovery procedures cannot be reused, because:

1) For Model A discovery procedure, the remote UE is required to monitor the PC5_DISCOVERY message transmitted by a UE-to-network relay.
2) For Mode B discovery procedure, the remote UE need both transmit a request message in sidelink discovery, and receiving a discovery response as well.
For the sake of power saving, it is essential to have a discovery mechanism for relay UE so it will not listen in SL all the time. This shall also applicable to unidirectional relaying. Hence, for the Type-2 remote UE, the only way to make discovery work is whenever remote UE needs a unidirectional relay, the remote UE announce its own information in model A discovery announcement, and the relay UE shall instead receive/monitor.
Proposal 4: For discovery between Type-2 Remote UE and unidirectional relay, Remote UE shall announce in model A due to lack of SL reception capability.

2.2.2 User Plane
From the user plane perspective, the adaptation layer between the L2 Relay UE and the eNB also works for unidirectional relay for uplink traffic. Similarly, it is possible that multiple DRBs of one or more Type-2 remote UEs can be multiplexed in a single Uu DRB between the L2 relay UE and the eNB.

For short range PC5 link between remote UE and L2 relay UE. RAN2 has agreed to reuse RLC AM mode. This is obviously not applicable to the unidirectional relay case. RLC UM mode seems more proper for this case. Thus, a L2 relay need use RLC UM mode for the relayed traffic for Type 2 Remote UE.

Proposal 5: RLC UM mode is used for unidirectional link between remote UE and relay UE.
2.2.3 Control Plane and “Linked” State

For control plane signalling which need to be relayed between the remote UE and eNB, RAN2 has not concluded the solutions yet. But given that all the DL signalling used to be conveyed in SRB0, SRB1, SRB2 are still carried in Uu interface for each individual Type 2 remote UE, the unidirectional relay scheme shall be even simpler than the bi-directional relaying scheme. For example, for the legacy random access procedure (Msg 1 to Msg 4), Type 2 remote UE can achieve that with a combination of the discovery message and DL Uu message, with the help of relay UE, as shown below:
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Figure 2: Random access procedure via unidirectional relaying
In Annex, we provide some example signaling flows to discuss how a unidirectional relaying scheme can work for the case if “initial attach” and “MO-data”.
Although the link between Type 2 remote UE and relay UE is unidirectional, the “linked” state defined for bi-directional relay can be reused. But the liveness of this link can only be checked from the relay UE side because the remote UE cannot receive in sidelink.  Except that, the following still apply:

a) The evolved ProSe Remote UE is not required to be in RRC_CONNECTED while linked with an evolved ProSe UE-to-Network Relay UE.

b) The evolved ProSe UE-to-Network Relay UE may be in RRC_IDLE while linked with an evolved ProSe Remote UE. 

c) RRC connection state of the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE may change independently of their connection state of PC5.

d)  Both the evolved ProSe UE-to-Network Relay UE and the evolved ProSe Remote UE are in RRC_CONNECTED while unicast UL data is being relayed 

Observation 3: “linked” state can be used in both unidirectional relaying and bi-directional relaying. 

Regarding the establishment and release of the D2D link between remote UE and relay UE and how to enter the “linked” state, there is some problem to support D2D PC5 Signalling protocol as the PC5 link is unidirectional for Type-2 Remote UE(s). 

Observation 4: PC5-Signaling protocol cannot be reused for PC5 link establishment in unidirectional relaying case.
To overcome this, the relay UE need to modify existing protocol or have a new EAP-like protocol to authenticate the remote UE with eNB involved. In general, implementing a new protocol is mainly a software issue. There is no hardware/RF constraint or power consumption concerns to have a new signalling protocol supported.
As type 2 remote UE will only work in-coverage and can always receive the DL paging and SIB from the Uu interface directly. This means even when this type of remote UE is linked to a relay, it will not use paging relay or SI relay.
Observation 5: Type-2 Remote UE receive Paging and System Information directly. 

As can be seen from the above discussions about both user plane and control plane, there may be some added complexity for the eNB in regards of supporting Type 2 remote UE(s), but there is nothing fundamental to prevent the bidirectional L2 Relay UE to also act as a unidirectional relay. For the general good of a feD2D system, it is beneficial to require the relay UE to support both bi-directional mode and unidirectional mode.

Proposal 6: L2 Relay UE shall be able to support both Type 1 and Type-2 Remote UEs. L2 relay UE can behave as bi-directional relay and unidirectional relay at the same time.

2.3 Scenarios
For the coverage scenarios to be supported for unidirectional relay, it is obvious that only in-coverage scenarios are suitable, as scenario 3 and 4 in TR 36.746 [3]. It may be possible that some out-of-coverage IOT device may only want to transmit data to the cloud (via a unidirectional relay) in regardless of success or not, but that scheme neither has significant meaning nor has any design impact so we shall not focus on that.

Proposal 7: RAN2 shall focus only on in-coverage remote UE for unidirectional relaying.

It is possible that the relay UE and remote UE may talk to two different eNBs when there are in the coverage of two neighbouring eNBs respectively, as shown by the scenarios 5 and 6 in TR 36.746[3]. This will create some new difficulty in eNB implementation and has impact on core network as the type-2 remote UE’s DL and UL radio traffic now terminate at different eNBs.. It is not clear how useful to support such an unusual scenario. On the other hand, it is possible that there is no relay UE camping on the same cell as the Type-2 remote UE. So, supporting of this use case needs further RAN2 study.
Proposal 8: FFS whether a Type-2 remote UE can use a unidirectional relay camped in a different cell.

An in-coverage Type-2 remote UE can always drop the connection to the relay and switch to transmit in UL directly to eNB because the PUCCH and PUSCH physically exist for the remote UE to use. Such a handover operation needs to be allowed. But as long as remote UE is still linked to a relay, it shall not do the switch back and force because it incurs undesirable complexity in the eNB side. 
Proposal 9: A linked Type-2 Remote UEs shall not switch between SL and UL transmission. It shall only use SL transmission for UL data to eNB via eRelay.

Finally, it is worth noting that RAN1 only discuss different types of remote UEs with LTE sidelink. As either LTE sidelink or non-3GPP access may be used for the D2D link, it is questionable whether the unidirectional relay solution can be extended to non-3GPP short-range communication links. In practice, it is very unlikely that the Wi-Fi or Bluetooth devices will share a common RX chain with the cellular access. Hence, it barely has any advantage for the remote UE with non-3GPP access for D2D to use unidirectional relay, comparing to the bi-directional solution. For the sake of limiting the scope of work, it would better rule out this case.

Proposal 10: RAN2 does not consider supporting unidirectional relay for remote UEs using non-3GPP D2D link.

3 Conclusion

In this contribution, we discuss the unidirectional relay design and have the following observations:

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.

Observation 3: “linked” state can be used in both unidirectional relaying and bi-directional relaying. 

Observation 4: PC5-Signaling protocol cannot be reused for PC5 link establishment in unidirectional relaying case.
Observation 5: Type-2 Remote UE receive Paging and System Information directly. 

Our proposals are:

Proposal 1: Proposal 1: For unidirectional relaying, RAN2 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).

Proposal 2: Type 1 remote UE with more than one RX chain shall always use bi-directional relay.

Proposal 3: FFS whether Type 1 remote UE with a single RX chain shall always use bidirectional relay or not.

Proposal 4: For discovery between Type-2 Remote UE and unidirectional relay, Remote UE shall announce in model A due to lack of SL reception capability.

Proposal 5: RLC UM mode is used for unidirectional link between remote UE and relay UE.
Proposal 6: L2 Relay UE shall be able to support both Type 1 and Type-2 Remote UEs. L2 relay UE can behave as bi-directional relay and unidirectional relay at the same time.

Proposal 7: RAN2 shall focus only on in-coverage remote UE for unidirectional relaying.

Proposal 8: FFS whether a Type-2 remote UE can use a unidirectional relay camped in a different cell.

Proposal 9: A linked Type-2 Remote UEs shall not switch between SL and UL transmission. It shall only use SL transmission for UL data to eNB via eRelay.

Proposal 10: RAN2 does not consider supporting unidirectional relay for remote UEs using non-3GPP D2D link.
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Annex

Initial attach procedure

Provided that the discovery message is initiated from the remote UE, and the relay cannot really acknowledge this in sidelink, it makes sense for relay UE to initiate the attach procedure to enable the relaying scheme and establish the necessary tunnelling for relay UL traffic
Figure 2 shows a possible high level procedure for initial attach procedure for unidirectional relaying with Type 2 UEs. 
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Figure 3: 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 sidelink 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 actually happens using the PC5 tunnel via the relay UE. The tunnel operation is depicted in Figure 3.
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Figure 4: Illustration of PC-5 tunnel based UL transmission from remote UE to eNB.
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 5: Illustration of PC-5 tunnel based MO data transmission procedure.
Mobile terminated data

Since the remote UE has a direct DL connection, legacy procedure (e.g., paging) can all be used for DL data with UL ACKs sent via the PC5-tunnel to the remote UE.
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