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1 Introduction

A new study item on “Integrated Access and Backhaul (IAB) for NR” was approved in RAN#75[1] . According to the objectives in the SID, NR IAB differs from LTE relay at least in the following aspects:
1. Multi-hop/multi-connectivity route

2. Dynamic/flexible resource allocation between backhaul and access links

3. Higher spectrum efficiency backhaul link with high reliability

Fortunately, up to now, the basic NR protocol framework was built taking enough flexibility and forward compatibility into consideration. Based on that, NR IAB can only focus on some essential technology enhancement for whatever physical and high layer.
In this contribution, we present some consideration on IAB physical layer technology enhancement according to the scenarios and topologies discussed in the other companion contribution [2].
2 Technical enhancement requirement for physical layer 
Before going to the physical layer technology, it is necessary to discuss the relay node (RN) duplex mode, which determines the resource allocation scheme between access and backhaul, and also the other basic physical layer design. Basically, there are two duplex options, as illustrated in Figure 1.
Option 1: Half duplex

RN with half duplex can’t transmit and receive simultaneously.  With this duplex mode, backhaul and access link can be multiplexed together at the same time in receiving or transmitting direction in SDM and/or FDM fashion.
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Figure 1: Half duplex relay
Option 2: full duplex
· Full duplex FDD

· Full duplex TDD (shown in Figure 2)
· Tx and Rx in different BWP

· Tx and Rx in the same BWP
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Figure 2: Full duplex TDD relay

In the IAB SID[1], the description about the duplex mode and the multiplexing mechanisms between access and backhaul seems ambiguous:

“Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation.”

Literally, the per-link half-duplex constrain means either backhaul link or access link is half-duplex. While, it is not clear whether the different transmission direction for backhaul and access link, shown in Figure 2  is allowed. 

In addition, full duplex FDD where RN transmits and receivers at the same time, and paired carrier BW should be supported without any technical challenge.

Considering the above ambiguity, we propose that RAN1 should clarify the scope of  RN’s duplex mode in NR IAB SI at the very beginning.

Proposal 1: RAN1 should firstly clarify the scope of RN’s duplex mode for NR IAB:

· TDD half duplex

· FDD full duplex

· TDD full duplex

· Tx and Rx at different BWP

· Tx and Rx at the same BWP
In the following sections, we analyze the physical layer technical enhancement requirements according to the newly introduced features in NR IAB.
2.1 Multi-hop and multi-connectivity
As also discussed in the companion contribution [2], besides single hop, IAB topology also includes multihop, multi-connection, LF assisted HF. Although more standard impacts maybe happen in high layer, there still exist some requirements on physical layer, especially on some physical layer parameter coordination as follows:
· Coordination of the RN transmission direction (DL/UL) to avoid Tx and Rx confliction at RN

As illustrated in Figure 3, to ensure that the half-duplex constraint is not violated, DgNB ( RN1 transmission cannot overlap in time RN1(RN2 transmission; however, DgNB(RN1 transmission and RN1(RN2 transmission can overlap in time. This implies that some centralized coordination is needed to schedule backhaul transmissions to ensure that no RN is required to transmit and receive at the same time.
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                                Figure 3: Coordinated Tx and Rx direction at RN

· Coordinated SS/RS configuration for backhaul link quality monitoring

In Figure 4,  no backhaul link exists between RN1 and RN2 at first. In order to identify the potential backup connectivity or route between RN1 and RN2, some coordination between RN1 and RN2 via DgNB should be considered to let one RN (e.g.,RN2) know the SS/RS configuration from the other RN (e.g., RN1) for the potential backhaul link quality measurement, taking the duplex constrained into account.
In addition, it is also necessary for RN2 to measure the potential interference from the RN1 access links in order for inter-RN interference mitigation if RN2 is scheduled for access/backhaul reception. Therefore, the SS/RS configuration for RN1 access link should be known to RN2 via some coordination.

[image: image3.emf]DgNB

RN1

t1

t2

RN2

SS/RS

t2









Figure 4: Coordinated SS/RS configuration among RN
· Coordination between  low frequency and high frequency
CA should be supported for RN especially that low frequency and high frequency act as the basic and backup backhaul link respectively in order to avoid interruption. Therefore, some coordination between low frequency and high frequency seems necessary for seamless coverage and link reliability.

Proposal 2: For multi-hop & multi-connectivity, the following coordination mechanism should be studied,
· Coordination of RN transmission direction (DL/UL) 

· Coordination of SS/RS configuration between RNs
· Coordination between low frequency and high frequency for backhaul links
2.2 Dynamic/flexible resource allocation between backhaul and access

Compared to the static TDM based resource allocation between backhaul and access links in LTE relay, larger bandwidth along with the deployment of massive MIMO or multi-beam systems in NR creates an opportunity to develop and deploy IAB, with flexible partitioning of radio resources (i.e., FDM/TDM/SDM) between access and backhaul links. With the newly introduced dynamic and flexible TDM/SDM/FDM fashion, the system capacity and transmission delay will be improved undoubtedly, while on the other hand, such flexibility necessitates quite a lot physical layer enhancement due to the very complicated interference management. In this section, we discuss some essential enabling mechanisms for dynamic/flexible resource allocation.
· Dynamic indication on resource partitioning between backhaul and access

LTE relay only supports semi-static resource partitioning between backhaul and access link. While in NR IAB, dynamic indication for the  backhaul or access link resource should be supported in order to meet the dynamic traffic variation, taking the half duplex constraint into account . 
· Flexible/configurable backhaul PDCCH occasion

With dynamic/flexible resource allocation for backhaul transmission resource, the dedicated PDCCH design with pre-defined time/frequency location for backhaul link, like R-PDCCH in LTE relay, seems not desirable. While considering the half duplex constraint, it is also impossible for RN to blindly monitor the backhaul link PDCCH in every slot like normal UE, since the RN can’t transmit PDCCH for its access links simultaneously as shown in Figure 5. Therefore, a configurable backhaul PDCCH occasion is more applicable for RN to enable flexible backhaul resource allocation.
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Figure 5: confliction between BH PDCCH reception 

and AC PDCCH transmission
· Enhancement of spatial transmission scheme with SDM based multiplexing
It seems possible to reuse current spatial transmission scheme in MU-MIMO for SDM based multiplexing, while the corresponding performance gain is not clear. Since the channel characteristic for backhaul and access links would be different in a large scale, e.g., the backhaul links are more likely to be LOS channel compared with access links, thus it is preferable to provide special design such as enhanced beam management or precoder by considering the difference between the two types of links in order to improve the performance for SDM based multiplexing. In addition, the density of DMRS for backhaul links can be reduced due to the fact that the channel state of backhaul links is of low variation in time domain.
· Interference measurement and mitigation

With SDM based backhaul and backhaul multiplexing, some new kinds of interference are introduced inevitably, as shown in Figure 6. 
· The interference between the backhaul and access link at RN if SDM/NoMA based multiplexing is applied. 

· The interference between backhual links due to dynamic resource allocation at RN1 (inter-RN cross link interference)

· The inter-UE cross link interference due to the different transmission directin in the neighbouring cell 
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        Figure 6:   Interference illustration due to SDM

The complicated interference environment caused by flexible resource allocation necessitates effective interference measurement and mitigation scheme. 

At RN, advanced scheduling algorithm and interference mitigation schemes should be supported to enable the multiplexing among backhaul and access links. The candidate interference mitigation technologies include beam based MU-MIMO/NoMA/advanced receiver etc.

The inter-UE cross link interference is exactly the same as that in dynamic TDD case, therefore, the same interference measurement and mitigation mechanism can be applied. 
· Coordinated physical layer parameters configuration
At RN, considering access links are multiplexed with backhaul link simultaneously, RN/UE frame timing should be adjusted according to the multiplexing scheme. 
Figure 7 (b) shows the frame timing relationship for the multiplexing scheme in Figure 7 (a). For UE or RN multiplexed with RN1 downlink backhaul link in SDM way, the arrival timing of all the multiplexed links at RN1 should be aligned in order for interference mitigation. However, with normal frame timing, there maybe exist symbol misalignment between backhaul link 1 and backhaul link 2 due to the potentially different propagation delay. Similarly for UEs, its uplink arrival timing is also misaligned with backhaul link 1. In addition, RN switching time should also be taken into account. Therefore, some kind of frame timing adjustment should be considered for both UE and RN to keep the symbol alignment among SDMed links.
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(a)                                                                      (b)
Figure 7 :  Frame timing for SDM/NoMA based multiplexing 
Therefore, the frame timing adjustment at RN or UE should be coordinated in order not to impact data reception.

Proposal 3: For dynamic/flexible resource allocation between access and backhaul links, the following mechanism should be studied,
· Dynamic indication of resource partitioning between backhaul and access link
· Enhancement of spatial transmission scheme with SDM based multiplexing
· Flexible/configurable backhaul PDCCH 

· Interference measurement and mitigation
· Coordinated RN/UE frame timing adjustment
2.3 High spectrum efficiency backhaul link with high reliability
The following enabling mechanisms for high spectrum efficiency and reliability backhaul link should be considered.
· High order modulation
It is necessary to support higher order modulation (i.e., up to 1024QAM) at backhaul link, and the relatively stable channel condition of backhaul link and the better Donor/RN processing capability  also provide technical feasibility for such high order modulation.
· MIMO enhancement

Backhaul link can reuse all the NR MIMO features. Furthermore, multi-RN coordinated transmission for backhaul links with some advanced algorithm (e..g, DPS, NCJT) should also be supported in multi-connectivity backhaul link scenarios for robustness enhancement. 
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 Figure 8:  Multi-RN coordinated transmission
· HARQ enhancement 
It is known that HF link quality is not robust due to the emergent blockage. Cooperative HARQ can be one candidate to improve the link robustness. In addition, LF assisted HF HARQ can also be considered for the backhaul link quality reliability.
· Beam management enhancement
RN should be allowed to find the backup backhaul beam more quickly compared to UEs, once its serving backhaul beam performance is degraded. In addition, when blockage happens in one backhaul link, some proactive beam failure notification mechanism should be considered to notify the next hop RNs so that they can find backup route quickly with minimum service interruption time. 
 Proposal 4: The following features should be studied for high spectrum efficiency and reliability backhaul link transmission.
· higher modulation (i.e., up to 1024 QAM)
· multi-RN coordinated transmission
· HARQ enhancement
· Beam management enhancement

3 Conclusions
In this contribution, we discuss the motivation for IAB physical layer enhancement and also the essential enabling mechanisms. According to the technical analysis, the following proposals are made, 

Proposal 1: RAN1 should firstly clarify the scope of RN’s duplex mode for NR IAB:

· TDD half duplex

· FDD full duplex

· TDD full duplex

· Tx and Rx at different BWP

· Tx and Rx at the same BWP
In the following sections, we analyze the physical layer technical enhancement requirements according to the newly introduced features in NR IAB.
Proposal 2: For multi-hop & multi-connectivity, the following coordination mechanism should be studied,
· Coordination of RN transmission direction (DL/UL) 

· Coordination of SS/RS configuration between RNs
· Coordination between low frequency and high frequency for backhaul links
Proposal 3: For dynamic/flexible resource allocation between access and backhaul links, the following mechanism should be studied,
· Dynamic indication of resource partitioning between backhaul and access link
· Enhancement of spatial transmission scheme with SDM based multiplexing
· Flexible/configurable backhaul PDCCH 

· Interference measurement and mitigation

· Coordinated RN/UE frame timing adjustment
Proposal 4: The following features should be studied for high spectrum efficiency and reliability backhaul link transmission.
· higher modulation (i.e., up to 1024 QAM)
· multi-RN coordinated transmission
· HARQ enhancement

· Beam management enhancement
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