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1 Introduction

The semi-static TDM is assumed for multiplexing access link and backhaul link in LTE Release-10 relay. It is simple, but known to have the costs of spectrum efficiency and latency. When it comes to NR relay, other multiplexing principles could be considered, for example, the narrow beam introduced in NR can allow the SDM-based multiplexing (i.e., the multiplexed links share the same frequency-time resources) without much specification work. This paper discusses the multiplexing of access link and backhaul link for the NR relay. 

2 The multiplex cases between Backhaul link and Access link 

The analysis in this section assumes the backhaul link and access link for a relay node as shown in Fig1 and Fig2, where 

· “DB” and “UB” refer to downlink (or down-stream link) and uplink (or up-stream link), respectively, on backhaul;

·  “DA” and “UA” refer to downlink and uplink, respectively, on access link.
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Figure 1 Backhaul link and Access link                                Figure 2 Backhaul link-1 and Backhaul link-2
Each relay node can transmit and receive on the same link direction (either downlink or uplink) either simultaneously (full-duplex) or non-simultaneously (half-duplex). The half-duplex generally means TDM, while full-duplex can include FDM and SDM. Meanwhile, the multiplexing of all “input” links (i.e., DB and UA) to relay node can be also chosen from TDM/FDM/SDM. The same is applied to the multiplexing of all “output” links (i.e., UB and DA) as well. Therefore, there can be 9 combination cases, as shown in Table 1, for the relay node link multiplexing. 

Table 1 Combinations of in-band relay link multiplexing
	Multiplexing cases
	Multiplexing between input link and output link on the same stream direction (i.e., between DB and DA, and between UB and UA)
	Multiplexing between input links (DB and UA) on two directions, and between output links (UB and DA) on two directions
	Potentially allowed spectrum duplex division from Uu interface point of view

	case-1
	TDM
	TDM
	FDD, TDD (Figure 3)

	case-2
	TDM
	FDM
	FDD, TDD (Figure 4)

	case-3
	TDM
	SDM
	FDD, TDD (Figure 5)

	case-4
	FDM
	TDM
	FDD, TDD

	case-5
	FDM
	FDM
	FDD, TDD

	case-6
	FDM
	SDM
	FDD

	case-7
	SDM
	TDM
	FDD, TDD

	case-8
	SDM
	FDM
	FDD

	case-9
	SDM
	SDM
	TDD
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Figure 3 Examples for in-band relay with case-1 multiplexing
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Figure 4 Examples for in-band relay with case-2 multiplexing
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Figure 5 Examples for in-band relay with case-3 multiplexing
RAN2 NR AH-1801 meeting established the following agreement for IAB: 

In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1) 
The above RAN2 agreement indeed states that at least some of multiplexing cases 1~3 should be supported for IAB, and it is up to RAN1 whether to support any of cases 4~9. 

Proposal 1: To confirm from RAN1 perspective that cases 1~3 are in the scope of Rel-15 SI for IAB.

For the cases 4~6, 

· If FDM between DB and DA and FDM between UB and UA occur within the single CC, the side band leakage interference from the relay-transmitted signal without fading to the relay-received signal with fading should be considered. The frequency guard band between backhaul link and access link may be needed.

· If DB and DA (or UB and UA) belong to the different CC’s, the in-band multiplexing between backhaul link and access link would require either DB and UA are in the same CC, or DA and UB are in the same CC, or both. This could be a complicated setup in the multi-hop scenario, where DA link is replaced by DB_2 and UA link is replaced by UB_2 as shown in Fig2. In such multi-hop scenario (with single-hop as the special case), every relay node would flip the DL CC and UL CC that are used to communicate with its parent node and child node. 
For cases 7~9, the interference from the relay-transmitted signal without fading to the relay-received signal with fading would be unacceptable because the two signals are in the same time/frequency resources and are different only in spatial domain. Unless the spatial domain processing is done prior to AGC, the strong transmitted analog signal would suppress the received analog signal to a very weak level when both signals pass through AGC. 

Considering the performance uncertainty and potential specification complexity associated with cases 4~9, we propose that
Proposal 2: The cases 4~9 are excluded from the scope of Rel-15 SI for IAB.

3 Conclusions
For the nine combinations of link multiplexing in Table 1, it is proposed that

Proposal 1: To confirm from RAN1 perspective that cases 1~3 (i.e., each relay’s Tx and Rx on the same traffic direction are separated by TDM) are in the scope of Rel-15 SI for IAB.

Proposal 2: The cases 4~9 (i.e., each relay’s Tx and Rx on the same traffic direction are separated by FDM or SDM) are excluded from the scope of Rel-15 SI for IAB.
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