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Introduction
In RAN#82, the following objectives of IAB work item regarding backhaul RACH resources were agreed [1]:
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints). 

In this contribution, the configurations for backhaul RACH resources are discussed with respect to the access RACH resources. To create additional RACH occasions beyond current specified RACH occasions, two schemes are outlined. One is to apply offset(s) and/or scaling(s) in time in addition to the currently available PRACH configurations, and the other is to specify new PRACH configurations.  
Configure backhaul RACH resources
The needs for extension of RACH occasions for backhaul RACH resources are mainly due to the half-duplexing constraint of IAB nodes. As illustrated in Figure 1, the IAB node cannot receive PRACH from its serving UEs and child IAB nodes when it transmits PRACH to the parent node. The IAB node should assign PRACH configuration(s) to UEs and child IAB nodes that are timely orthogonal to the PRACH configuration provided by the parent node. However, the timely orthogonal feature is quite limited in the currently available configurations [2].
[bookmark: _Toc534811998][bookmark: _Toc534812035][bookmark: _Toc534893790][bookmark: _Toc534902120][bookmark: _Toc534903151][bookmark: _Toc534904424]The timely orthogonal feature is quite limited in the current available PRACH configurations. It is needed to extend the configuration variants of RACH occasions for IAB nodes due to half-duplexing constraint.      
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[bookmark: _Ref534377111]Figure 1: IAB node accessing parent node and accessed by UE and child node.
There can be two ways to create additional RACH occasions beyond currently specified RACH occasions to enable TDM between adjacent-hop RACH occasions:
1) Configure offset(s) and/or scaling(s) for backhaul RACH occasions with respect to the currently available PRACH configurations in [2].
2) Specify new PRACH configuration entries for backhaul RACH occasions. 

[bookmark: _Toc534811999][bookmark: _Toc534812036][bookmark: _Toc534893791][bookmark: _Toc534902121][bookmark: _Toc534903152][bookmark: _Toc534904425]Support two ways to create additional RACH occasions for IAB beyond currently specified RACH occasions: 1) configure offset(s) and/or scaling(s) for backhaul RACH occasions with respect to the currently available PRACH configurations; 2) specify new PRACH configuration entries for backhaul RACH occasions.
Configure additional offset and/or scaling 
The first option asks for less specification effort. IAB-specific SIB1 information can be added to indicate the offset(s) and/or scaling factor(s) in addition to the information provided by prach-ConfigurationIndex for the IAB node. The offset can be in frame, subframe, slot, etc, and the scaling can be with respect to the periodicity. IAB nodes within adjacent hops is preferably configured with different offsets. This option works even if the IAB node and UE under the same parent are provided with the same prach-ConfigurationIndex. It is preferable that an IAB node is provided with configuration having non-zero offset. Otherwise, it would be problematic for the IAB node’s child node to assign proper PRACH configuration to its serving UE due to the timely orthogonal requirement. One example of such configuration with offset for RACH occasions is shown in Figure 2. In this example, the topology is simplified to a single chain that IAB node i-1 is the parent node of IAB node i. UEs served by different IAB nodes share the same configuration, whereas the RACH occasions configured for child IAB nodes are based on the same configuration but with different slot offset implemented. 
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[bookmark: _Ref534731237]Figure 2: Configure backhaul RACH occasions with slot offset regarding currently available PRACH configurations in [2].
One drawback of this option is that the RACH occasions assigned for UEs and IAB nodes under the same parent node may end up using different time resources. It requires the parent node to reserve more UL time resources which may otherwise be used for DL transmission. Assume the RACH occasions configured to IAB nodes and UEs occupy  and  time resources, respectively. The number of time resources the parent node reserving for the IAB nodes and its serving UEs range from  to . The time-overhead problem would be particularly evident when the number of RACH occasions for access and backhaul are equally large. This kind of impact would be reduced if the random access made by the IAB node, for example, for scheduling request, is sparse.
Specify new PRACH configurations
For more efficient resource utilization, we consider the second option to specify new PRACH configuration entries for random access from IAB nodes. Via specifying new PRACH configuration entries, one can also configure properties, in form of preamble format, occasion number and periodicity, etc, better fit for random access from IAB nodes. When an IAB node is accessed by its serving UEs and child IAB nodes, it will preferably configure the RACH occasions to the child IAB nodes that is (mostly) overlapped in time with the RACH occasions for UEs to reduce the overhead in time. Meanwhile, these RACH occasions should be TDMed with the RACH occasions provided to the IAB node due to the half-duplexing constraint. Figure 3 illustrates an example of possible RACH occasions in time for different nodes/devices in an IAB chain. Similarly in this example, IAB node i-1 is the parent node of IAB node i. The RACH occasions for UEs are taken from the currently existing configurations.
[bookmark: _Toc534812000][bookmark: _Toc534812037][bookmark: _Toc534893792][bookmark: _Toc534902122][bookmark: _Toc534903153][bookmark: _Toc534904426][bookmark: _GoBack]If specifying new configuration entries for backhaul RACH occasions, it should allow configuring RACH occasions to child IAB nodes that is (mostly) overlapped in time with the RACH occasions for UEs that are under the same IAB node to minimize the overhead in time.
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[bookmark: _Ref534378283]Figure 3: Configure backhaul RACH occasions by specifying new configuration entries.
The design for backhaul PRACH configurations may implicitly consider two aspects regarding the access PRACH configurations. The examples are listed in Table 1 which takes partly from Table 6.3.3.2-4 in [2] for FR2 and unpaired spectrum. The configurations indexed with X could be the potential extensions for backhaul RACH resources. The first aspect considers the timing-overlapping features between UEs and IAB nodes under the same parent node. Referring to the examples in Table 1, if UEs served by the parent node are assigned with prach-ConfigurationIndex=10, then the configuration with index X1 may be signalled to the IAB nodes which is served by the same parent node. The configuration with index X1 uses preamble format A3, which can cover a longer reach, it has a longer periodicity, whereas the slots locations containing PRACH within the PRACH-configured system frame is overlapped with that for the UEs. The second aspect considers the time division between the RACH occasions of adjacent hops. Referring to the examples below, the IAB node can signal prach-ConfigurationIndex=X2 to the child IAB node(s) and prach-ConfigurationIndex=11 to its serving UEs, since the two configurations are overlapped in time while both of them are timely separated from the occasions in configuration X1. 
[bookmark: _Ref534381212]Table 1: Examples of PRACH configurations and extensions.
	PRACH Config. Index
	Preamble format
	nSFN mod x = y
	Slot number

	
	
	x
	y
	

	10
	A1
	2
	1
	4, 9, 14, 19, 24, 29, 34, 39 

	11
	A1
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39

	X1
	A3
	16
	1
	4, 9, 14, 24, 29, 34

	X2
	A3
	16
	1
	3, 7, 11, 15, 23, 27, 31, 35



Based on above RACH resource extension design, each IAB DU could have a list of PRACH configuration pairs, regarding the two aspects between UEs and child nodes as well as between parent link and child links. When configuring RACH occasions to UEs and child nodes, the IAB node should guarantee that it is timely orthogonal to the RACH occasions assigned by its parent node.
There can also be two ways to specify new PRACH configuration entries for IAB nodes:
1) extending the range for prach-ConfigurationIndex, for example, up to 512. UE and IAB node share the same configuration table while limiting the index range for legacy UE between 0 and 255.
2) defining new PRACH configuration table specific for IAB. The prach-ConfigurationIndex picked from the new table is signaled via the IAB-specific SIB1 information, which should not be decoded by UEs.
Comparison
A summary of pros and cons regarding the two ways of creating additional backhaul RACH occasions are listed as below.
Table 2: Comparison of the two schemes creating additional backhaul RACH occasions
	
	Applying offset(s) and/or scaling(s) in time in addition to the currently available PRACH configurations
	Specifying new PRACH configurations

	Pros
	· Less specification efforts;
· Feasible in case that IAB and UE use the same PRACH configuration.
	· Can have RACH occasions of IAB nodes and UEs under the same parent node overlapped in time therefore save time overhead;
· Can configure properties, in form of preamble format, occasion number and periodicity, etc, better fit for random access from IAB nodes.


	Cons
	· The parent node needs to reserve, in most cases, different time resources for RACH occasions of IAB nodes and UEs, respectively, which increases overhead in time;
· Have to stick to the available combinations of preamble format, occasion number and periodicity, etc, that are not designed for IAB deployment.

	· Require great efforts to specify all new configuration entries with respect to the current ones;
· IAB and UE need to be assigned with different PRACH configuration indices in most cases;



Conclusion
In this contribution we made the following observations:
Observation 1	The timely orthogonal feature is quite limited in the current available PRACH configurations. It is needed to extend the configuration variants of RACH occasions for IAB nodes due to half-duplexing constraint.

Based on the discussion above we propose the following:
Proposal 1	Support two ways to create additional RACH occasions for IAB beyond currently specified RACH occasions: 1) configure offset(s) and/or scaling(s) for backhaul RACH occasions with respect to the currently available PRACH configurations; 2) specify new PRACH configuration entries for backhaul RACH occasions.
Proposal 2	If specifying new configuration entries for backhaul RACH occasions, it should allow configuring RACH occasions to child IAB nodes that is (mostly) overlapped in time with the RACH occasions for UEs that are under the same IAB node to minimize the overhead in time.
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