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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 [2], we proposed two schemes to extend current RACH configurations in order to, e.g., create additional RACH occasions for backhaul links beyond currently specified RACH occasions. One approach is to apply offset(s) and/or scaling(s) in time as extensions to the currently available PRACH configurations, and the other 
is to specify completely new PRACH configurations. In this contribution, the details of the respective scheme are described. In addition, the ways to implement the backhaul-specific PRACH configuration in case of initial access and link failure are discussed.
In this contribution, the following terminologies (as illustrated in Figure 1) are used. From an IAB node point-of-view, the parent (backhaul) link is the connection between the IAB node and its serving parent node, while the child link is the connection between the IAB node and its child node(s) or served UE(s). The child link thus includes child backhaul link and (child) access link.  
[image: ]
[bookmark: _Ref776106]Figure 1: Link terminology in the IAB network.
Two ways of configuring backhaul RACH occasions
The needs for extension of RACH occasions (ROs) for backhaul RACH resources are due to the half-duplexing constraint of IAB nodes, i.e., the IAB node cannot receive PRACH from the served UEs and child IAB nodes when it transmits PRACH to the parent node. The IAB node should thus assign PRACH configuration(s) to UEs and child IAB nodes that are time-wise orthogonal to the PRACH configuration provided by the parent node. 
[bookmark: _Toc514530][bookmark: _Toc770019][bookmark: _Toc770051][bookmark: _Toc770086][bookmark: _Toc771742][bookmark: _Toc771765][bookmark: _Toc786946][bookmark: _Toc793475][bookmark: _Toc871674][bookmark: _Toc871836][bookmark: _Toc1027427][bookmark: _Toc1114148][bookmark: _Toc1138413][bookmark: _Toc770020]The RACH occasion (RO) extension is not to separate ROs between access and backhaul links but to separate ROs between parent backhaul link and child access/backhaul links.
[bookmark: _Toc770052]However, the time-wise orthogonal feature is quite limited in the currently available configurations. When the access links have to use the Rel-15 PRACH configurations as in [3], new ROs need to be created for backhaul links to achieve the orthogonality in time. Thereby, [2] proposed two options to create the new backhaul-specific RACH resources.
Extend existing ROs with offset and scaling
The first option, i.e. extending current RACH configurations with time-domain offsets and scaling, asks for less specification effort since it can be derived from the existing Rel-15 PRACH configurations in [3]. New ROs are created via time-domain offset in frame, subframe/slot, etc, and scaling with respect to the periodicity.
[bookmark: _Toc770021][bookmark: _Toc770053][bookmark: _Toc770087][bookmark: _Toc771743][bookmark: _Toc771766][bookmark: _Toc786947][bookmark: _Toc793476][bookmark: _Toc871675][bookmark: _Toc871837][bookmark: _Toc1027428][bookmark: _Toc1114149][bookmark: _Toc1138414][bookmark: _Toc1163179][bookmark: _Toc1163258][bookmark: _Toc1163357][bookmark: _Toc1163361][bookmark: _Toc1163364][bookmark: _Toc1163485][bookmark: _Toc1163543]In case of offset-based extensions of RACH occasions (ROs) for IAB, UEs and IAB nodes served by the same parent node share the same basic Rel-15 PRACH configuration, with the backhaul ROs being modified by IAB-specific time-domain offsets and scaling factors. 
[bookmark: _Toc871676][bookmark: _Toc871838][bookmark: _Toc1027429][bookmark: _Toc1114150][bookmark: _Toc1138415][bookmark: _Toc1163180][bookmark: _Toc1163259][bookmark: _Toc1163358][bookmark: _Toc1163362][bookmark: _Toc1163365][bookmark: _Toc1163486][bookmark: _Toc1163544]To create backhaul-specific RACH occasions, both frame-level offsets and subframe/slot-level[footnoteRef:2] offsets should be supported. [2:  Subframe-level for FR1 and slot-level for FR2.] 

When a given Rel-15 PRACH configuration has a periodicity larger than 1 frame, the offset can be set in frame level. One example 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 that has a periodicity x=4 and frame offset y=2 in a period, i.e., ROs are in frames with (nSFN mod 4) = 2. The RACH occasions configured for child IAB nodes are based on the same configuration as the UEs but with different frame offset implemented. Let αframe denote the backhaul-specific RO offset in frame level. To ensure the time-wise RO orthogonality between the parent backhaul and child access links, the backhaul-specific RO offset should be valued non-zero and not equal to any integer multiple of the original periodicity x, i.e., (αframe mod x) ≠ 0. To ensure the time-wise RO orthogonality between the parent and child backhaul links, IAB nodes within adjacent hops are preferably configured with different offset values. In the example of Figure 2, the parent node configures αframe=2 towards the IAB node, while the IAB node configures αframe=7 towards its child IAB node. 
[bookmark: _Toc770022][bookmark: _Toc770054][bookmark: _Toc770088][bookmark: _Toc771744][bookmark: _Toc771767][bookmark: _Toc786948][bookmark: _Toc793477]Generally, for configurations with periodicity x>1, the backhaul-specific RO offset can be set in frame level. With respect to the existing configuration that (nSFN mod x) = y, the backhaul-RO containing frame mSFN after implementing the backhaul-specific offset becomes (mSFN mod βx) = ((y+αframe) mod βx) for (αframe mod x) ≠ 0 where αframe denotes the time offset in frame level and β denotes a periodicity scaling factor.
[image: ]
[bookmark: _Ref530245]Figure 2: Configure backhaul RACH occasions with frame offset regarding currently available PRACH configurations.
[bookmark: _Toc771746]The offset can also be set in subframe (FR1) or slot (FR2) level. One example is shown in Figure 3, where IAB node i-1 is the parent node of IAB node i. UEs served by different IAB nodes share the same configuration where the RACH-slots are overlapped in time. The RACH occasions configured for child IAB nodes are based on the same configuration but with different slot offset implemented. To ensure the time-wise RO orthogonality between the parent and child backhaul links, IAB nodes within adjacent hops are preferably configured with different offset values. Since the number of backhaul-specific ROs is the same as that of the Rel-15 ROs based on which the offset is implemented, it is reasonable to limit the offset value to be smaller than the minimum intervals between two Rel-15 RACH-subframes/slots. In the example of Figure 3, the interval between two RACH-slots is 4, therefore |αslot|<4.  
[bookmark: _Toc771747][bookmark: _Toc771768][bookmark: _Toc786949][bookmark: _Toc793478]Generally, when the backhaul-specific RO offset is set in subframe (FR1) or slot (FR2) level, the absolute value of offset αsubframe or αslot should be smaller than the minimum subframe/slot interval between two Rel-15 RACH-subframes/slots. After implementing the offset, the backhaul-specific RACH-subframe/slot number should be msubframe = ((nsubframe + αsubframe) mod Lsubframe) or mslot = ((nslot + αslot) mod Lslot), where nsubframe (or nslot) is the Rel-15 RACH subframe (or slot) number based on which the offset is implemented and Lsubframe (or Lslot) is the maximum subframe (or slot) number in a frame. 
[image: ]
[bookmark: _Ref771626]Figure 3: Configure backhaul RACH occasions with slot offset regarding currently available PRACH configurations.
Create completely new configurations
For more efficient resource utilization, we consider the second option to specify completely new RACH configurations for IAB random access. Although this asks for greater specification effort, the advantages of this option are that by specifying new configurations, 1) it is possible to have ROs of IAB nodes and UEs under the same parent node overlapped in time and therefore save time overhead while guaranteeing the orthogonality to the ROs of the parent node’s parent link; and 2) one can configure properties, in form of preamble format, occasion number and periodicity, etc, better fit for the properties of random access from IAB nodes. In the example of Figure 3, ROs configured for the IAB nodes and UEs are based on the same Rel-15 configuration with the backhaul ROs modified by slot offset. In this case, the IAB nodes and UEs use completely different slots for transmitting RA preambles, and therefore the parent node needs to reserve twice the number of slots to receive RA preambles. Overhead in time can be saved if (some of) those ROs are overlapped. 
[bookmark: _Toc534812000][bookmark: _Toc534812037][bookmark: _Toc534893792][bookmark: _Toc534902122][bookmark: _Toc534903153][bookmark: _Toc534904426][bookmark: _Toc793479][bookmark: _Toc871677][bookmark: _Toc871839][bookmark: _Toc1027430][bookmark: _Toc1114151][bookmark: _Toc1138416][bookmark: _Toc1163181][bookmark: _Toc1163260][bookmark: _Toc1163359][bookmark: _Toc1163363][bookmark: _Toc1163366][bookmark: _Toc1163487][bookmark: _Toc1163545]If specifying new configurations for backhaul RACH resources, two aspects is to be considered: 1) the possibility to (partially) overlap the backhaul RACH occasions (ROs) with the access ROs that are under the same parent IAB node; 2) the possibility to have the parent backhaul ROs orthogonal to both ROs configured for child access and backhaul links.
To achieve both aspects, the following rules should be considered as illustrated in Figure 4:
1) Let A and B denote the sets of access ROs that are configured for UEs under the parent node and IAB node, respectively. In particular, A and B are composed of the currently specified RACH occasions. To enable the time overlapping between access and backhaul ROs under the same parent IAB node, the condition is set that A≠B, A is not a subset of B, and vice versa.
2) Let C and D denote the sets of backhaul ROs that are configured for IAB node and child node, respectively. In this case, C includes the ROs in set A but not in (A∩B), i.e., , and D includes ROs in set B but not in (A∩B), i.e., . 
3) In addition, sets C and D are disjoint, i.e., .  
     [image: ]
[bookmark: _Ref792719]Figure 4: Set relations of backhaul-specific RO design.
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 (such as sets A and C) as well as between parent link and child links (such as sets C and D). When configuring RACH occasions to UEs and child nodes, the IAB node should guarantee that it is time-wise 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 system information, which should not be decoded by UEs.
RACH configuration update for IAB node
To avoid confusing access UEs, the backhaul-specific RACH configurations are supposed to be carried by IAB-specific system information, for example, the IAB-specific SIB1 information.
During the initial-access phase, the IAB node will check if the IAB-specific system information or the RACH-related fields in the IAB-specific system information are available or not. If no such information is provided, the IAB nodes will share the same RACH configuration with UEs under the same parent IAB node. The configuration can be updated later in stage-2 to allow orthogonal ROs to be configured for the IAB node’s child links. 
In stage-2, the IAB node will transmit RA preambles within ROs configured by the parent node. Since the RO orthogonal requirement only restricts adjacent hops, it is very likely that the same RACH configurations are used on backhaul links that are not next to each other. For example, even-hop nodes share the same configuration while odd-hop nodes share another configuration. For cases when an IAB node is trying to access another parent node which happens to be configured with the same ROs, as shown in Figure 5 with the red-marked ROs, no random-access preambles from the IAB node (e.g., IAB-4) can be received by the new parent node (e.g., IAB-2) if the IAB node still uses the originally configured ROs. It should instead use the new configuration signalled from the new parent node. 

[image: ]
[bookmark: _Ref797776]Figure 5: RO conflicts in case of accessing new parent node.
Conclusion
In this contribution we made the following observations:
Observation 1	The RACH occasion (RO) extension is not to separate ROs between access and backhaul links but to separate ROs between parent backhaul link and child access/backhaul links.

Based on the discussion above we propose the following:
[bookmark: _GoBack]Proposal 1	In case of offset-based extensions of RACH occasions (ROs) for IAB, UEs and IAB nodes served by the same parent node share the same basic Rel-15 PRACH configuration, with the backhaul ROs being modified by IAB-specific time-domain offsets and scaling factors.
Proposal 2	To create backhaul-specific RACH occasions, both frame-level offsets and subframe/slot-level offsets should be supported.
Proposal 3	If specifying new configurations for backhaul RACH resources, two aspects is to be considered: 1) the possibility to (partially) overlap the backhaul RACH occasions (ROs) with the access ROs that are under the same parent IAB node; 2) the possibility to have the parent backhaul ROs orthogonal to both ROs configured for child access and backhaul links.
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