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Introduction

In RAN1 #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. 

For IAB study, the initial access of IAB node, i.e. finding neighbor IAB nodes and building backhaul connection with other IAB nodes, is a fundamental process. In this contribution, we discuss the related issues of IAB node initial access, including steps in the process, SSB configuration coordination between several IAB nodes and timing relationship.  
Steps of initial access

According to the agreement mentioned above, a basic initial access process of IAB node can be implemented by the IAB node acting as a normal UE to search and select a neighbor base station, the main steps are shown in figure 1.
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Figure 1. Initial process of IAB node
In the initial process, an IAB node can act as a UE and reuse NR cell searching and selecting process. The main procedure for IAB node initial access including:

 Step 1 -- Receiving SS/PBCH

Like a normal UE, IAB node shall try to find neighbor nodes by receiving SS/PBCH. With the cell searching process, the IAB node can detect one or more gNBs and perform rough measurement about the channel conditions between the gNBs and itself. A candidate nodes list and related measurement results are obtained by the IAB node and should be used as basic reference for further step.

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, backhaul link load of the neighbor node, etc,  and the information can be used as complementary factors for node selection. 

Step 2 -- Node selection

According to the measurement result in step 1, similar as cell selecting of a UE, IAB node should select a target node depending on node selection criterion. 

For simplicity, the node selection criterion can reuse the way for cell selecting of UE. In other words, the new IAB node reuses legacy cell selection process and criterion to choose a gNB as its target node. While extra IAB related information is indicated, it can also be considered in the node selecting determination.

An example is shown in figure 2, when the new IAB node chooses target node by reusing legacy cell selecting rule,  node B may be chosen because of better link measurement result.  On the other hand, if the hop level of node is indicated by broadcast signaling, the new IAB node may choose node A as target node since it is a IAB donor node and lower latency can be achieved.
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Figure 2. IAB node selects target node

Step 3 -- Backhaul link build up

When the target node is decided in step 2, the new IAB node should try to connect to the target node.  

For step 3, NR based random access process should be reused. The new IAB node builds connection with target node by acting as a normal UE. After connection is successfully built, some initial IAB relevant information/configuration should be exchanged between the new IAB node and the target node.

Step 4 -- Acting as gNB

Through the backhaul link with target node, the new IAB node builds up the indirect connection to core network. And then, the new IAB node could perform the functionality as a gNB, such as transmitting SS/PBCH, etc, and provide access link service for linked UEs.  The initial access process of new IAB node is completed.

Proposal 1: Extra information such as the hop level, backhaul link load can be informed between IAB nodes.
SSB configuration

On the one hand, an IAB node will transmit SSBs in a periodic manner for served UEs after connects to the network. On the other hand, taking RRM measurement defined in NR R15 as a starting point, the SSB/CSI-RS transmitted by other nodes(incl. other IAB donors, IAB nodes) will also be measured by the IAB node for other nodes discovery and measurement. 

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 basing on current SSB configuration in NR R15 as described in [2]. 

The following features are identified from the current SSB configuration in NR R15: 

Different groups of time domain resources for SSB transmission had been defined according to different combinations of sub-carrier space of SSB and frequency range; 

The group of time domain resources will be located within a ‘half frame window’; 

It is flexible that in which ‘half frame window’ the SSB located; 

The SSB transmission periodicity can be 5ms, 10ms, 20ms, 40ms, 80ms or 160ms; 

Part/whole of SSB transmission resources within the group can be selected for actually transmitted. 

An example of mapping pattern for 15kHz SSB in frequency range from 3GHz to 6GHz with 20ms periodicity is showed in Figure 3. Eight potential SSB transmission resources are defined within four 15kHz slots. The SSB locates within the first half frame of 20ms SSB periodicity, and part/whole of the above eight SSB transmission resources can be further selected for actually transmitted. 
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Figure 3. Example of SSB time domain transmission resource for 15kHz SS/PBCH block in frequency range from 3GHz to 6GHz

For collision avoidance on SSB configurations among IAB nodes, there are two dimensionalities of flexibility 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. 

Considering 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 2: 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.
Timing

A related issue with time synchronization is timing relationship. In RAN1 #92b, there were several companies show their views on timing. Here, we give some analysis on four types timing relationship.

Timing type 1: IAB node Rx from parent node
Timing type 2: IAB node Tx to parent node
Timing type 3: IAB node Tx to child node/UE
Timing type 4: IAB node Rx from child node/UE
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Figure 4. Illustration of four timing types
As shown in Figure 4, timing type 1 and timing type 2 can be seen as timing relationship between IAB node with donor node or parent node. Timing type 3 and timing type 4 can be seen as timing relationship between IAB node with child node/UE.

For timing type 1, it is obvious to be that IAB node like UE by acquiring and tracking via available DL signals (SSBs, TRS, etc) from parent node based on link propagation.

For timing type 2, in essence, it is TA issue and TA is relative to timing type 1. Concretely, TA only depends on the current link propagation. Alternatively, TA can also depend on the previous link propagation simultaneously. Two alternatives depend on concrete timing type 3 and timing type 4.

For timing type 3 and timing type 4, there are three cases including alignment with reference timing at the donor node, alignment with timing type 1 and alignment with timing type 2 respectively. Totally, 9 timing cases are listed in the following table.

Table 1.

	
	Timing type 3 aligned with...
	Timing type 4 aligned with...
	TA only depends on the current link propagation, or depends on the current and the previous link propagation
	Synchronization or non- synchronization

	Case 1
	Reference timing at the donor node
	IAB node Tx to parent node

(type 2)
	The current and the previous link propagation
	Synchronization  for timing type 3, non- synchronization for for timing type 4

	Case 2
	IAB node Rx from parent node

(type 1)
	Reference timing at the donor node
	The current and the previous link propagation
	Non-synchronization  for timing type 3, synchronization for for timing type 4

	Case 3
	Reference timing at the donor node
	Reference timing at the donor node
	The current link propagation
	Synchronization

	Case 4
	IAB node Tx to parent node

(type 2)
	IAB node Tx to parent node

(type 2)
	The current link propagation
	Non- synchronization

	Case 5
	IAB node Rx from parent node

(type 1)
	IAB node Rx from parent node

(type 1)
	The current link propagation
	Non- synchronization

	Case 6
	IAB node Rx from parent node

(type 1)
	IAB node Tx to parent node

(type 2)
	The current and the previous link propagation
	Non- synchronization

	Case 7
	IAB node Tx to parent node

(type 2)
	Reference timing at the donor node
	The current and the previous link propagation
	Non- synchronization

	Case 8
	Reference timing at the donor node
	IAB node Rx from parent node

(type 1)
	The current and the previous link propagation
	Non- synchronization

	Case 9
	IAB node Tx to parent node

(type 2)
	IAB node Rx from parent node

(type 1)
	The current and the previous link propagation
	Non- synchronization


Basing on the  table 1 and nine figures on timing in the appendix, we can conclude some analysis for every case as shown below.

For case 1, backhaul link resource is restricted due to timing type 3 aligned with reference timing at the donor node, on the other hand, comparing to case 3, it is not completely synchronized.

For case 2, although BL resource is not restricted, some unnecessary gaps are caused between IAB node Tx to parent node and IAB node Rx from child node/UE, on the other hand, the same with case 1 that larger TA is needed.

For case 3, actually, this case can be seen as alignment (synchronization) case in legacy RN, note that although BL resource and gap issues are also existed, however, it has smaller TA. Mainly, it is completely synchronized and meet requirement especially for TDD as agreed in RAN3 #99 meeting. Thus, for synchronization, case 3 should be supported firstly.

For case 4, although it has smaller TA, BL resource is restricted.

For case 5, although it has smaller TA, some unnecessary gaps are caused.

For case 6, in essence, resource efficiency of case 6 is the same with case 4 or 5 due to the gaps if uplink access is followed by downlink access at the IAB node, but case 6 can guarantee that there is not gap between downlink backhaul and downlink access, or uplink backhaul and uplink access at the IAB node. Thus, for non-synchronization, case 6 should be supported.

For case 7, IAB node can transmit to parent and child node simultaneously, and BL resource and gap issues are also existed.

For case 8, IAB node can receive from parent and child node simultaneously, and BL resource and gap issues are also existed.

For case 9, for the purpose that IAB node can transmit/receive to/from parent and child node simultaneously, thus,  case 9 should be supported.

Based on above analysis, we propose to support case 3, 6, 9. 
Proposal 3: 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

In this contribution, some considerations on IAB node initial access are analyzed.  Based on the discussion, we have the following proposals: 
Proposal 1: Extra information such as the hop level, backhaul link load can be informed between IAB nodes.
Proposal 2: 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 3: 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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Case 1.
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Case 2.
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Case 3.
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Case 4.
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Case 5.
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Case 6.
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Case 7.
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Case 8.
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