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Introduction

In RAN 1 #92bis meeting in [1], some preliminary agreements of IAB are achieved, including: 

The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.

An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.

The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 

It also listed the issues needed to be more discussed, as following:

How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.

Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 

Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. 

Measurements on multiple backhaul links for link management and route selection should be studied. 

In this contribution, we provide our views to support IAB based on current NR structure, especially on PDCCH configuration aspects, multiplexing of backhaul, access link, frame structure, some SFI enhancement, and initial access related issues.

Multiplexing of access/backhaul link

 To make the discussion clear, we assume the backhaul link and access link for a IAB node as shown in Fig 1, where 

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

 “DA” and “UA” refer to downlink and uplink respectively, on access link.
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Figure 1: Backhaul link and Access link                               

According to different multiplexing schemes among different links, there can be 9 combination cases as shown in Table 1. 
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 (between DB and UA) on two directions, and between output links (between UB and DA) on two directions

	case-1
	TDM
	TDM

	case-2
	TDM
	FDM

	case-3
	TDM
	SDM

	case-4
	FDM
	TDM

	case-5
	FDM
	FDM

	case-6
	FDM
	SDM

	case-7
	SDM
	TDM

	case-8
	SDM
	FDM

	case-9
	SDM
	SDM


Proposal 1: Cases 1~3 (i.e. TDM between DB and DA, or between UB and UA) should have the first priority  in the scope of Rel-15 SI for IAB.

For the cases 4~6, if FDM between DB and DA, or FDM between UB and UA is supported within a single CC, the side band leakage interference from the relay-transmitted signal without fading to the relay-received signal with fading should be studied. The frequency guard band between backhaul link and access link may be needed.

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. 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 limited time, performance uncertainty and potential specification complexity associated with cases 4~9, we propose that
Proposal 2: The cases 4~9 (i.e. multiplexing between DB and DA, or between UB and UA are FDMed or SDMed) are excluded from the scope of Rel-15 SI for IAB.

In order to support case 1~3, coordination between gNB and IAB node may be needed in order to get separate time domain,frequency domain and code domain resources for two links multiplexed by TDM,FDM,SDM. respectivly.For example, gNB configures to RN that resource1 is only for backhaul link,  resource2 is only for access link, resource 3 is used both for DB and UA, and resource4 is used for both UB and DA. To assist gNB’s decision, the RN2 can request resources for access link according to the services of access link and then gNB/RN1 allocates the resources for backhaul links and resource for access links considering the request from RN2. The resources may include time/frequency/code domain resources for reference signal, control channel and data. The gNB/RN1 can schedule backhaul channel/signal only in the resources for backhaul link. The RN2 can schedule access channel/signal only in the resources for access link.

Proposal 3: gNB/donor IAB allocates the time/frequency/code domain resource for backhaul and/or resource for access considering the request from IAB node.

Frame structure design

In Rel-10 Relay, semi-static resource allocation between the backhaul and access links was defined. According to the SID for IAB, multi-hops and dynamic resource allocation between the backhaul and access links are two of main objectives of the study item. It raises higher requirements for frame structure configuration. 

Fortunately, multi-levels of frame structure configuration have been introduced by R15 NR, such as, cell specific semi-static frame structure configured via higher layer parameter UL-DL-configuration-common, or higher layer parameter UL-DL-configuration-common-Set2, UE specific semi-static frame structure configured via higher layer parameter UL-DL-configuration-dedicated, and dynamic frame structure, i.e. slot format indicated by a SFI-index field in DCI format 2_0. 

An example shown in Fig 2, the semi-static frame structure with ‘single periodicity’ can be configured via higher layer parameter UL-DL-configuration-common(as shown by ‘X’); And the semi-static frame structure with ‘double periodicity’ can be configured via higher layer parameter UL-DL-configuration-common(as shown by ‘X’) and UL-DL-configuration-common-Set2(as shown by ‘Y’). In each of them, semi-static DL, UL and unknown resource will be indicated, and the ‘unknown resource’ can be further overwritten by higher priority configuration. 
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Figure 2: Frame structure configuration with ‘single periodicity’ and ‘double periodicity’ in NR R15
The above features of frame structure configuration in NR R15 can be reused for providing more flexibility for resource allocation among different links. As shown in Fig 3, we take two hops network under TDM such as case-1 in section 2 as an example, which includes IAB donor, IAB node, direct UE and access UE. Some specific options can be further considered by IAB. 
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Figure 3: Example of IAB network
Option 1: Applying frame structure configuration with ‘double periodicity’ corresponding to backhal link and access link respectively
For supporting multi-links in IAB, different semi-static frame structures within different periodicities can be applied to different links, e.g. semi-static frame structure within ‘X’ corresponds to backhaul link, and semi-static frame structure within ‘Y’ is used for access link. 

From the perspective of UEs under IAB donor(i.e. direct UEs), the semi-static frame structure in the first row of Fig 4 will be indicated via higher layer parameter UL-DL-configuration-common(as shown by ‘X’), and UL-DL-configuration-common-Set2(as shown by ‘Y’) by IAB donor. 

From the perspective of IAB node, some provisions can be made with IAB donor, such as, only one of the above ‘double periodicity’ semi-static frame structure is valid for backhaul link, e.g. semi-static frame structure within ‘X’, and the semi-static frame structure within another periodicity can be further determined for access link by either IAB donor or IAB node itself. 

From the perspective of UEs under IAB node(i.e. access UEs), the semi-static frame structure ‘D’ and ‘U’ configured within ‘X’ for backhaul link will not be used. IAB node will indicate both semi-static frame structure within ‘X(i.e. full unknown resource)’ and ‘Y’ to access UEs. 

For the unknown resource within both ‘X’ and ‘Y’, parts/whole of them can be allocated to either access link or backhaul link dynamically. 
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Figure 4: Example of Option 1

Option 2: Applying frame structure configuration with ‘single periodicity’ to backhaul link, dividing the single periodicity into  ‘double periodicity’ to access link

Another option for case-1 is shown in Fig 5, the frame structure can be got by semi-static frame structure configuration via higher layer parameter UL-DL-configuration-common(as shown by ‘X’), and the 'X' can be divided into 'X1' and 'X2'.

From the perspective of UEs under IAB donor(i.e. direct UEs), the semi-static frame structure in the first row of Fig 5 will be indicated via higher layer parameter UL-DL-configuration-common(as shown by ‘X’) by IAB donor.

From the perspective of IAB node, the frame structure as shown in the second row of Fig 5 will be fully followed, wherein the semi-static frame structure within dotted box can be determined for access link by either IAB donor or IAB node itself. 

From the perspective of UEs under IAB node(i.e. access UEs), the frame structure configured within ‘X’ for backhaul link will be divided into 'X1' and 'X2', i.e. 'double periodicity' was configured for access UEs,  unknown resources in backhaul link can be used for DL and UL transmission of access link. In other words, the DL and UL resource in backhaul link can be configured as unknown resource for access UEs.
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Figure 5: Example for Option 2

Option 3: Reversing ‘D’ and ‘U’ of backhaul link for access link

For other cases, if the different links can multiplex by FDM/SDM with transmit/receive simultaneously at the IAB node, such as case-2/case-3 as shown in Fig 6, reversing ‘D’ and ‘U’ for different links can be used on top of ‘single periodicity’ or ‘double periodicity’. In Fig 6, we only take one periodicity as an example. The frame structure can be got by semi-static frame structure configuration via higher layer parameter UL-DL-configuration-common(as shown by ‘X’).

From the perspective of IAB node, the frame structure as shown in Fig 6 will be fully followed, wherein the semi-static frame structure within ‘X’ are indicated by IAB donor. 

From the perspective of UEs under IAB donor(i.e. direct UEs), the same behavior as perspective of IAB node.

From the perspective of UEs under IAB node(i.e. access UEs), IAB node can get access link's frame structure by reversing D to U, and reversing U to D in backhaul link. 
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Figure 6: Example for Option 3

Proposal 4: For TDM (case-1), multiplexing different links within ‘double periodicity’ corresponding to backhal link and access link respectively or dividing ‘single periodicity’ into ‘double periodicity’ can be considered. For FDM/SDM with transmit/receive simultaneously at the IAB node (case-2/case-3), reversing ‘D’ and ‘U’ of backhaul link for access link can be considered.

SFI enhancement

At present, the definition of SFI in NR is slot format, multiple slot formats were defined in [2], and dynamic frame structure can be achieved by SFI in GC-PDCCH. Each slot format gives the transmission direction for 14 OFDM symbols, one SFI entry can include one or multiple slot formats, so one SFI can determine 14*n OFDM symbols, n≥1, and these OFDM symbols determined in SFI must be continuous.

In our opinion, based on TDM multiplexing between DB and DA, or between UB and UA, some SFI enhancement are needed so as to improve the efficiency of SFI, the following aspects can be considered:

One SFI entry can determine the transmission direction of multiple OFDM symbols which are non-continuous. If the TDM pattern between backhaul link and access link was semi-statically configured for relay and access UE, then the backhaul SFI is only used to indicate the detailed ‘D’/’U’/’X’ distribution in backhaul link for relay, and  the access SFI is only used to indicate the detailed ‘D’/’U’/’X’ distribution in access link for  access UE, as shown in Fig 7, so if one SFI can determine non-continuous OFDM symbols or slots, the indication efficiency can be improved. 

The format unit indicated by SFI can be diversified, not always 14 OFDM symbols. A cluster including multiple OFDM symbols can be the format unit, one SFI entry can indicate one or multiple clusters' transmission direction, and the size of cluster, can be determined semi-statically along with TDM pattern, as shown in Fig 8.
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Figure 7: Enhancement SFI for non-contiunous indication
[image: image8.emf]BL

BL

AL

AL

AL

BL

cluster

cluster

BL

BL

AL

AL

AL

BL

BL

BL

AL

AL

AL

BL

cluster

cluster

t

One cluster 

size

Another 

cluster size


Figure 8: Enhancement SFI for configurable format unit size

Proposal 5: Some SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size need to be considered.
PDCCH aspects

Considering that IAB should support multi-hop and redundant connectivity, mechanisms for efficient route switching or simultaneous transmission/reception on multiple backhaul links (similar with multi-TRP transmision, or intra-frequency dual connectivity) should be studied. According to RAN3 agreements in 92bis meeting, whether an IAB node can connect to more than one upstream IAB-node or IAB-donor is FFS, so we believe the use case in Fig 9 should be considered.
As shown in Fig 9, taking RN3 as the receiver, and taking gNB as transmitter, there are three routes from gNB to RN3: gNB -> RN3, gNB -> RN1 -> RN3 and gNB ->RN2 ->RN3. In order to guarantee the redundant connectivity, all of the three routes may be used to transmit PDCCH. So PDCCH transmission and related configurations, such as CORESET configuration and Search space Set configuration, should be designed so as to meet these requirements. There are two PDCCH configuration methods: centralized and distributed configuration.
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Figure 9: Illustration of multi-hop and multi-route 

For centralized configuration, one anchor node configures all the CORESETs and Search space Sets for the objective node PDCCH monitoring, and delivers the detailed configuration information to other 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 objective node is easy to control, the objective node can only monitor the possible active PDCCH transmitter’s 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 objective node independently, when one active PDCCH transmitter wants to transmit PDCCH to the objective node, it uses its own configured CORESET(s) and Search space Set(s). Different PDCCH transmitters may configure different number of PDCCH candidates in one slot, so the number of PDCCH blind decoding is hard to control, the PDCCH monitoring in one slot maybe exceeds the objective node’s capability, because refering to different routes, the decision of PDCCH candidates dropping is hard to determine.

Overall, how to configure PDCCH, and how to determine PDCCH route or active PDCCH transmitter, should be considered carefully in IAB research. 

Proposal 6: Centralized and distributed PDCCH configuration should be both considered.

Initial access

Although IAB node can follow the same initial access procedure as an access UE, Some enhancements on IAB initial access can be considered for improving system efficiency. The details can be found in our contribution [3].

In the initial process, an IAB node can act as a UE and reuse NR cell searching and selecting process, the main steps for IAB node initial access including: receiving SS/PBCH, node selection, backhaul link build up and acting as gNB. Further more, some additional IAB related information may be indicated in PBCH or SIB by neighbor nodes.  Based on that, IAB node can further obtain extra information, such as the hop level of this neighbor node in IAB network, etc,  and the information can be used as complementary factors for node selection. Generally, IAB node with low hop level should have higher priority if channel conditions are roughly same because of lower latency.
Proposal 7: Extra information such as the hop level can be informed between IAB nodes.
For receiving SSB, considering the half-duplex constraint, an IAB node cannot measure SSB and transmit it simultaneously. So collision avoidance on SSB configurations among IAB nodes should be considered based on current SSB configuration in NR R15. For collision avoidance on SSB configurations among IAB nodes, there are two ways for SSB transmission resources selection by different IAB nodes: 

Determining which ‘half frame’ can be used for SSB transmission by different IAB nodes according to some IAB node-specific factors; 

Determining which SSB transmission resources within the ‘half frame’ can be actually transmitted by different IAB nodes according to some IAB node-specific factors. 

It is noted that collision avoidance on SSB configurations are mainly among neighboring IAB nodes or the IAB node and its parent IAB node. The IAB node-specific factors can be cell ID, hop level, etc. 

Proposal 8: Different IAB nodes can select different ‘half frames’ or different SSB transmission resources within the ‘half frame’ for SSBs transmission according to some IAB node-specific factors, which includes cell ID, hop level, etc.
A related issue with time synchronization is timing relationship. . For the timing from IAB node Tx to child node/UE and IAB node Rx from child node/UE, there are three cases including alignment with reference timing at the donor node, alignment with IAB node Rx from parent node and alignment with IAB node Tx to parent node respectively. In other words, 9 timing cases excluding repeated cases are obtained. Due to some requirements i.e., synchronization, transmit/receive to/from parent and child node simultaneously at the IAB node, we have the following proposal.
Proposal 9: Due to advantages/disadvantages and requirements, both synchronization and non-synchronization cases should be supported.

For synchronization, 
IAB node Tx to child node/UE and IAB node Rx from child node/UE are all aligned with reference timing at the donor node.
For non-synchronization, 
IAB node Tx to child node/UE is aligned with IAB node Rx from parent node, and IAB node Rx from child node/UE is aligned with IAB node Tx to parent node.
For transmit/receive to/from parent and child node simultaneously at the IAB node, IAB node Tx to child node/UE is aligned with IAB node Tx to parent node, and IAB node Rx from child node/UE is aligned with IAB node Rx from parent node.
Conclusions

Based on the discussion, we have the following proposals: 
Proposal 1: Cases 1~3 (i.e. TDM between DB and DA, or between UB and UA) should have the first priority  in the scope of Rel-15 SI for IAB.

Proposal 2: The cases 4~9 (i.e. multiplexing between DB and DA, or between UB and UA are FDMed or SDMed) are excluded from the scope of Rel-15 SI for IAB.

Proposal 3: gNB/donor IAB allocates the time/frequency/code domain resource for backhaul and/or resource for access considering the request from IAB node.
Proposal 4: For TDM (case-1), multiplexing different links within ‘double periodicity’ corresponding to backhal link and access link respectively or dividing ‘single periodicity’ into ‘double periodicity’ can be considered. For FDM/SDM with transmit/receive simultaneously at the IAB node (case-2/case-3), reversing ‘D’ and ‘U’ of backhaul link for access link can be considered.

Proposal 5: Some SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size need to be considered.

Proposal 6: Centralized and distributed PDCCH configuration should be both considered.

Proposal 7: Extra information such as the hop level can be informed between IAB nodes.
Proposal 8: Different IAB nodes can select different ‘half frames’ or different SSB transmission resources within the ‘half frame’ for SSBs transmission according to some IAB node-specific factors, which includes cell ID, hop level, etc.
Proposal 9: Due to advantages/disadvantages and requirements, both synchronization and non-synchronization cases should be supported.

For synchronization, 
IAB node Tx to child node/UE and IAB node Rx from child node/UE are all aligned with reference timing at the donor node.
For non-synchronization, 
IAB node Tx to child node/UE is aligned with IAB node Rx from parent node, and IAB node Rx from child node/UE is aligned with IAB node Tx to parent node.
For transmit/receive to/from parent and child node simultaneously at the IAB node, IAB node Tx to child node/UE is aligned with IAB node Tx to parent node, and IAB node Rx from child node/UE is aligned with IAB node Rx from parent node.
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