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1	Introduction
During RAN#72 meeting a revised SI for “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was approved [1]. One of the objectives is to “Study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE.”. In this paper we discuss the candidate L2 relay architectures.
2	Discussion
2.1	The relay options
There are five relay options to be evaluated, where in three options the relay layer is above PDCP/RLC/MAC sublayer respectively, and two hybrid structures where the MAC/RLC SDUs on PC5 side are encapsulated and transmitted through a complete LTE-Uu link. In order to have the relay architecture support both 3GPP and non-3GPP (WiFi or Bluetooth) RAT, the MAC layer and PHY layer cannot be separated so the relay sublayer position should be above the MAC sublayer.
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For option 1, the main benefit of the relay sublayer above PDCP is that the legacy UP relay structure can be reused. However the relay UE may peep the content of the remote UE’s data packets, which means there is no end to end security between remote UE and eNB. While adding additional security mechanism would be feasible we find it too complex and inefficient to do that. Furthermore, it is difficult for the eNB to differentiate the data flow from the relay UE and the remote UE. Without enhancement on L2 retransmission, the whole IP packet needs to be retransmitted by higher layer when there is data loss in PC5 or Uu. This is power inefficient for the wearable devices. 
For option 4 and option 5, i.e., the MAC-PDCP and RLC-PDCP hybrid relaying structures, the Uu protocols can be retained.  However, the eNB side complexity increases.
When the remote UE switches to a different relay UE, the data stored in the relay UE RLC buffer might be lost. For option 3 and 4, this problem can be handled easily as the RLC connection is between the remote UE and the eNB directly. Therefore, the lost data in the relay UE would be limited and can be recovered by RLC retransmission. For other options, the recovery of the lost data may have to rely on TCP retransmission, which increases the delay and reduces the efficiency as well. It should be noted that although the relay sublayer is above MAC in PC5 of option 4, same with option 3, option 4 will lose more data when switching, because the Uu interface of option 4 involves additional processing time and buffers.
From relay UE buffer size perspective, option 3 may require smaller buffer because of the lower layer relaying, compared with option 2. For option 4 and 5, due to the whole layer operation of Uu, the buffer size at the relay is large compared with option 2 or 3.
Considering the Uu resource efficiency, for option 2, the RLC functions are applicable for PC5 link and Uu link separately. So the relay UE can adjust RLC PDU size depending on the radio condition of its Uu interface. For option 3, the Uu interface efficiency would be lower compared to other options because the RLC entities only resides in the remote UE and eNB, and hence the RLC segmentation may not be optimal for Uu interface. In addition, option 4 requires additional PDCP and RLC header and option 5 requires additional PDCP header, which increases the overhead and may in turn impact the Uu resource efficiency.
Observation 1:	End to end security can be guaranteed between remote UE and eNB by options 2-5.
Observation 2:	Uu protocols can be retained for option 4 and option 5, but there is additional complexity at the eNB.
Observation 3:  Option 3 has the advantage of less data loss during path switching but lower Uu efficiency.

2.2 Support of retransmission
In Rel-13, RLC only supports TM mode for SBCCH and UM mode for STCH. Moreover, MAC does not support sidelink HARQ feedback.  Hence, efficient retransmission is actually not supported for sidelink in Rel-13. It is straightforward that support of L2 retransmission will improve the transmission efficiency and reduce the power consumption of the remote UE, which is particularly important for the wearable devices. The two possible retransmission schemes on L2 are RLC AM and MAC retransmission with HARQ ACK/NACK.
The RLC AM can be easily implemented without physical feedback channel enhancement, but for current sidelink architecture the RLC ARQ message still needs a sidelink grant, a SCI message on PSCCH and an ARQ message on SL-SCH which consumes considerable resources. Otherwise, the sidelink could be enhanced to support bidirectional traffic for unicast which can multiplex the ARQ message with the data flow of the other direction to reduce the resource consumption.
Furthermore, in option 3, the RLC works between the remote UE and the eNB. So the RLC functions are available for the link between the remote UE and the eNB. This guarantees the delivery between eNB and remote UE. For option 2, the RLC works separately for each link. The RLC functions are applicable between the remote UE and the relay UE, and between the relay UE and the eNB. In other words, even RLC AM is used, there is no ARQ feedback, retransmission or link adjustment between the remote UE and the eNB. This is not good for the data recovery during the path switching. Some minor modification can be done of the relay sublayer ARQ to relieve the issue.
Proposal 1: RLC AM can be exploited in L2 relaying. If option 2 is agreed, modification of RLC AM needs to be considered.

2.3 Traffic differentiation
For relay structure option 1, the traffic is differentiated by IP addresses. For relay structure option 2 -5, the eNB needs to differentiate whether the data is from the remote UE or relay UE. There are two options to support the traffic differentiation. 
Option A:  to use different radio bearers to differentiate the data of remote UE and relay UE. The advantage of this option is that there is no need to add additional indicators/identifiers in the relayed data. To implement this option, the relay UE only needs to map the bearers between PC5 and Uu. There may be multiple remote UEs connected to the same relay UE and one remote UE may have multiple radio bearers, but the number of the radio bearers supported in the relay UE is limited. When the remote UE switches to a new relay UE, the new relay UE may use different mapping to avoid the overlap of LCID with its own. It might be possible to extend the LCID and define remote UE LCID range and relay UE LCID range, but this is not compatible with the legacy MAC protocol. This option applies for relay option 2 and 3. 



      

Figure 2. Data transmission of option A for option 2 and 3

Option B: to encapsulate the data from the remote UE at the relay sublayer and add a relay header containing the remote UE’s identifier. The remote UE identifier is used to differentiate the data from different remote UEs and different bearers and also the data from the relay UE. So the identifier should be unique in the eNB. Then data from the remote UE and the relay UE may share the same RLC entity. So the main advantage is one LCID can be used for multiple relay links of different remote UEs. In addition, when the remote UE switches to a new relay UE, it can continue transmitting without the need of reconfiguring the radio bearer or RLC. It might also be possible that a shorter identifier is used to reduce the overhead as the wearable devices may transmit small data packets. In this case, the identifier can be designed to be unique for a specific relay UE, so additional control signaling might be needed to reallocate a new identifier after switching. This option applies for relay option 2-5. 



      

Figure 3. Data transmission of option B for option 2-5. For the right figure, the relay UE may also use separate RLC entity to transmit the data from the remote UE.

The different radio bearers should be used for relay and remote UE’s data. However, different remote UE’s traffic may be mapped to one DRB if one relay has multiple remote UEs connected. This is a trade-off considering flexibility, constrains of supported number of RBs and complexity. For option B, the traffic from different remote UEs may map to one DRB between the relay UE and eNB. For option A, different remote UE requires different DRBs. 
Observation 4: The number of RBs supported by option A is constrained, but not constrained for option B because the traffic from different remote UEs may be mapped to one DRB between the relay UE and eNB. 

According to the above discussion, we summarize the characteristics of five relay structures in Table 1.
Table 1. Comparison between relay structures
	Features
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	PC5 complexity
	Low
	Medium
	High
	High
	Medium

	Uu complexity
	Low
	Medium
	Medium to High
	High
	High

	Uu resource efficiency
	High
	High
	Low
	Medium
	Medium

	End to end security
	No
	Yes
	Yes
	Yes
	Yes

	Data loss in path switching
	Medium
	Medium
	Low
	High
	High

	Relay UE buffer size
	Large
	Medium
	Small
	Large
	Large

	Remote UE buffer size
	Low
	Low
	Medium
	Medium to High
	Low



Based on the above analysis and comparison we propose to narrow down the relay options to option 2 or option 3.
Proposal 2: Choose the relay architecture between option 2 and option 3 presented on Figure 1.

3	Conclusion
In this contribution we provide the analysis on L2 relay structure and retransmission schemes. The observations and proposals are summarized below:
Observation 1: End to end security can be guaranteed between remote UE and eNB by options 2-5.
Observation 2: Uu protocols can be retained for option 4 and option 5, but there is additional complexity at the eNB.
Observation 3: Option 3 has the advantage of less data loss during path switching but lower Uu efficiency.
Observation 4: The number of RBs supported by option A is constrained, but not constrained for option B because the traffic from different remote UEs may be mapped to one DRB between the relay UE and eNB. 
Proposal 1: RLC AM can be exploited in L2 relaying. If option 2 is agreed, modification of RLC AM needs to be considered.
Proposal 2: Choose the relay architecture between option 2 and option 3 presented on Figure 1.
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