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1 Introduction

A new SID on “Integrated Access and Backhaul (IAB) for NR” was approved in RAN#75[1]. According to the SID objectives, the following requirements and aspects should be addressed by NR IAB:

· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 

· Multi-hop and redundant connectivity

· End-to-end route selection and optimization

· Support of backhaul links with high spectral efficiency

· Support of legacy NR UEs

In this contribution, we give our analysis of potential technical impact on current NR specification for supporting IAB. In particular, transmission of broadcast signal/channel, timing, DL/UL control and supporting of high spectral efficiency are to be discussed. 

2 Broadcast signal/channel

Supporting legacy NR UEs is a basic requirement for NR IAB design. For broadcast signal/channel delivery, the current mechanism in NR should be supported by each IAB node serving NR UEs. 

In LTE, broadcast signal/channel, such as SS, PBCH, SIB1 and paging occasions are restricted within some fixed subframes, which are avoided to be used by backhaul. In NR, to pursue resource allocation flexibility and forward compatibility, a group of potential transmission resources instead of fixed resources are defined for each of broadcast signal/channel. The IAB node can select some of resources for actual transmission. The broadcast signals/channels, including SS/PBCH block, RMSI, OSI and paging, can be transmitted over the selected resource in a multi-beam sweeping manner, which is much different from that in LTE, especially for TDM described in [2]. In other words, more resources are occupied by broadcast signal/channel, which raise a higher requirement for efficient resource assignment and dynamic frame structure between backhaul link and access link. The resources selected by one IAB node to transmit SS/PBCH block, RMSI, OSI and paging should be known to its parent node for resource allocation or frame structure configuration.
Proposal 1: To study whether there is a need to specify RN-to-RN signaling/protocol to coordinate resource assignments for broadcast signals/channels. 
3 Timing 

For the in-band relay in LTE Rel-10, to mitigate the Tx/Rx self-interference between backhaul link and access link, half-duplex is adopted, which introduces GP to implement Tx-to-Rx and Rx-to-Tx switching. One related thing is relay frame timing whose purpose is to ensure the good backhaul link transmission efficiency. To be more specific, there are two relay frame timing schemes: subframe timing on access downlink from relay and subframe timing on access downlink from donor eNB are either non-aligned (Figure 1) or aligned (Figure 2).
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Figure 1. Non-alignment in LTE relay
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Figure 2. Alignment in LTE relay
For NR IAB, as agreed in RAN3 #99 meeting, 
“Time synchronization between IAB nodes is also very essential e.g. to support TDD system and some potential features which need network synchronization. IAB may have additional requirement on network synchronization, which includes in-band wireless backhaul and multi-hops backhauling”. 
It is obvious that network synchronization should be considered in TDD NR and TDD IAB, which implies that IAB node transmits or receives with timing aligned to DgNB frame boundaries, where the timing alignment is subject to a maximum deviation tolerance. On the other hand, FDD IAB can work in either synchronized or non-synchronized network. Unless the FDD IAB is deployed together with additional features such as (e)CoMP, (F)eICIC and (e)MBMS, which requires network synchronization, there is no need to assume network synchronization for FDD IAB.

Proposal 2: Both alignment and non-alignment between access downlink timing from LTE donor and access downlink timing from LTE relay can be the starting point of studying timing synchronization in NR relay. 
4 DL and UL control

Downlink control

Given IAB intends to support multi-hop and redundant connectivity, PDCCH transmission and related configurations, such as configurations for CORESET and search space set, should be designed to meet these targets.
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Figure 3. Multi-hop and multi-route topology

As shown in Figure 3, to route from donor gNB to RN3, there are three route options: gNB -> RN3 (route 1), gNB -> RN1 -> RN3 (route 2) and gNB ->RN2 ->RN3 (route 3). To allow the redundant connectivity, gNB, RN1 and RN2 are all potential transmitters to send PDCCH to RN3. As for how these potential transmitters coordinate upon CORSET and search space set that are configured for RN3 to monitor on backhauls, there are two alternatives: centralized configuration and distributed configuration.
· For centralized configuration, one anchor node configures the CORESETs and search space sets used by all potential transmitters for the target node PDCCH monitoring, and delivers the detailed configuration information to the potential PDCCH transmitters. There can be some binding between the PDCCH transmitter and CORESET (and/or search space set), so the number of PDCCH blind decoding at the target node is easy to control --- the target node only needs to monitor the possible PDCCH search space set(s), which is linked to the specific CORESET(s).
· For distributed configuration, each potential PDCCH transmitter configures CORESETs and search space sets for the target node independently. When one PDCCH transmitter needs to transmit PDCCH to the target node, it uses its own configured CORESET(s) and search space set(s). The different PDCCH transmitters may adopt different number of PDCCH candidates in one slot, so the number of PDCCH blind decoding is hard to control, and the PDCCH monitoring in one slot may exceed the target node’s processing capability. In this case, due to the potential variations of different route topologies, it is difficult to decide or predict the PDCCH candidate dropping.

Overall, how to configure PDCCH monitoring to support redundant connectivity should be carefully studied in IAB SI. 

Proposal 3: To decide whether to support either centralized configuration, or distributed configuration, or both for relay PDCCH CORESET and search space set.
Uplink control

The UCI information, such as HARQ feedback, CSI report or SR, on the backhaul link can assist the signal transmission and resource management between IAB nodes.  As mentioned in [4], the IAB study focuses on NR-based backhaul design, reusing NR PUCCH scheme to bear backhaul uplink control information is a natural choice.

Multiple PUCCH formats currently supported in NR already provide sufficient flexibility, by being capable of fitting into one or multiple symbols of PUCCH resource allocation and carrying several types of UCI report with different payload sizes. In other words, the diverse NR PUCCH formats are expected to satisfy the regular UCI report on backhaul and there seems no need of PUCCH enhancement on backhaul link. 

For the study and evaluation of IAB at this stage, the existing NR PUCCH formats on access link could be reused on backhaul.
Proposal 4: Strive to reuse existing NR PUCCH formats to carry UCI on backhaul link.
Although the NR PUCCH formats can be reused on backhaul link, the detailed PUCCH resource allocation on backhaul link should be restricted within the resource zone assigned for backhaul link. For example, when TDM is used to multiplex backhaul link and access link, the slots marked for backhaul link may not be contiguous in time and the number of available symbols for backhaul link in a slot may be limited, all of which may introduce additional issues on backhaul PUCCH resource allocation. On the other hand, as the NR PUCCH resource allocation has high flexibility, the potential issues may be handled by implementation depending on the resource schemes assigned for backhaul link.

Proposal 5: NR PUCCH resource allocation on backhaul link should be studied further based on how the resources are assigned for backhaul link.
5 High spectral efficiency 
One of goals of IAB SI is to identify physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency. To increase spectral efficiency, the most direct and effective ways include SU-MIMO and higher order modulation. 
Comparing to access link for which the SU-MIMO is originally designed, the stationary backhaul link has smaller large scale fading and weaker multipath profile due to its higher LOS probability. The zero mobility also yields low channel Doppler. So on one hand, higher-order spatial multiplexing may not be well suited on backhaul link, but on the other hand, higher-order modulation such as 1024QAM could give a better fit. To be noted, 1024QAM is already introduced into LTE specification, including the corresponding CQI table, MCS table and TBS. Then we think 1024QAM can also be considered for NR backhaul link, with maximum reuse from LTE. Moreover, because the backhaul link connects two nodes with either the same or similar transmission powers, the 1024QAM, if introduced in NR backhaul, should be applied to both downlink and uplink.  
Proposal 6: RAN1 considers 1024QAM for both downlink and uplink on NR backhaul.
6 Conclusions

This contribution presents the following observations and proposals: 

Proposal 1: To study whether there is a need to specify RN-to-RN signaling/protocol to coordinate resource assignments for broadcast signals/channels. 
Proposal 2: Both alignment and non-alignment between access downlink timing from LTE donor and access downlink timing from LTE relay can be the starting point of studying timing synchronization in NR relay. 

Proposal 3: To decide whether to support either centralized configuration, or distributed configuration, or both for relay PDCCH CORESET and search space set.
Proposal 4: Strive to reuse existing NR PUCCH formats to carry UCI on backhaul link.
Proposal 5: NR PUCCH resource allocation on backhaul link should be studied further based on how the resources are assigned for backhaul link.
Proposal 6: RAN1 considers 1024QAM for both downlink and uplink on NR backhaul.
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