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1 Introduction
A new work item on “Integrated Access and Backhaul for NR” was approved in RAN#82 [1] and the objectives of this work item for physical layer include the extension of RACH occasions and periodicities for backhaul RACH resources.
During last meeting [2], the following agreements were draw for RACH design for IAB Agreements:
· New RACH configurations specific to IAB nodes are derived with extension of existing Rel 15 RACH configurations obtained by:
· scaling the parameter ‘x’ from the PRACH configuration table, and
· by adding an offset y_offset to the parameter ‘y’ (frame-based offset) and/or adding an offset to the slot/subframe number (slot/subframe-based offset) from the PRACH configuration table.
· FFS values and ranges for scaling factor applicable to ‘x’ and for y_offset.
· FFS whether a simple extension rule can be generally applied to all existing configurations leaving it up to the network to not use resulting configurations that may not fit other system constraints.  


This contribution will further discuss the possible methods for extension of RACH occasions and periodicities for backhaul RACH resources.
2 IAB backhaul RACH configuration
During IAB study item phase, RAN1 agreed to recommend the following for IAB random access enhancement and captured in the TR:
	· Enhancements to support configuration of backhaul RACH resources with different occasion and longer RACH periodicities, compared to access RACH resources without impacting Rel-15 UEs.



Clearly, the RACH configuration will be for two kinds of UE now, one for regular Rel-15 UE and the other is for IAB MT. Two general constraints are: 
1. The RACH configuration should fulfil the half duplex constraints;
2. The RACH configuration for backhaul link should have no impact to Rel-15 access UE. 
As already agreed in the last meeting, the frame/slot level time domain offset could be used to derive the IAB RACH resource based on the existing Rel-15 RACH configurations. In addition, both configured access RACH resource and backhaul RACH resource will be further validated based on the similar rule in Rel-15 using UL/DL configuration as well as the SSB configuration. 
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Fig. 1 – illustration of IAB scenarios.

2.1 PRACH occasion configuration
From a single donor/IAB DU perspective, the child IAB MT and the access UE could use separate RACH resources which facilitate the distinguish of the child IAB node and access UE. The pros and cons of using TDM, FDM and CDM is discussed as following. 
CDM
By using CDM, the IAB MTs could share the time-frequency RACH resource with the access UEs via splitting the available preambles in the ROs. Although this might consume the least additional time-frequency resource in order to introduce the RACH resource for IAB backhaul link, this method will also create the significant impact to the normal Rel-15 access UE as it will directly reserve a part of the preambles for IAB and make available preambles less for access UEs. It might be a big issue when the preamble number is originally not plenty for each SSB, e.g., the on demand SI already took parts of the total 64 preambles, then when multiple(N) SSBs associated to one RO, each SSB could have most 1/N of the rest preambles and even less if we consider leave some CFRA preambles. Thus, to further partition the preamble groups may not be beneficial and not always a very good idea.
Observation 1: Using CDMed access RACH resource for IAB RACH resource by further partitioning the preamble group may have significant impact to Rel-15 access UE.

TDM
By using TDM, the gNB actually introduce additional time-frequency resource for RACH purpose, so that the IAB RACH resource will not impact the regular access UE at all. Several methods could be used for indicating the time domain offset:
1. One is directly indicating the offset value. Considering in Rel-15 RACH configuration, the RO will be consecutive in one RACH slot, so that the offset value should be better in the slot level in order to avoid the overlapping between the ROs after shifting. One additional constraint is that after the shifting, the backhaul ROs shall not across the frame boundary, otherwise the RA-RNTI calculation may be conflicted.
2. Another method is to separately configure y in “nSFN mod x = y” to allocate the position of backhaul RACH frame. For example, if the access RACH resource is configured with PRACH configuration index 94, the access RACH resource (y=0) will occupy the first 10ms in the PRACH configuration period, if we indicate the y=1 for the IAB backhaul RACH as shown in Fig. 2, so it will occupy the second 10ms and the other configuration could be mostly reused (the number of FDMed PRACH is separately configured). The limitation of this method is that when RPACH configuration periodicity is 10ms (i.e., x=1) for access RACH, there will be no other 10ms to be configured for backhaul RACH purely based on the time domain.
Observation 2: Using TDMed methods for IAB RACH resource could have negligible impact to Rel-15 access UE.
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ], number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	94
	A1
	2
	0
	4,9
	0
	1
	6
	2



 [image: ]
Fig. 2 – different “y” for Backhaul RACH configuration
In a way, using TDMed manner will need some consideration on the UL/DL configurationin order to keep the configured RO to be valid. This may not matter too much if in FR2 case where the larger SCS will be used, then a relative large number slots (40/80) will be available for SCS=60/120Khz. Thus, gNB will have enough flexibility to accommodate the requirement in UL/DL configuration..
Proposal 1: the configuration of backhaul RACH based on TDM to the access RACH could be considered..

FDM
Similar to TDMed manner, using FDMed manner will not impact the regular access UE with the cost of consuming additional time-frequency resource. More preferably, the FDMed manner will not suffer from the pain points for TDMed manner, such as the constraints on the frame boundary, PRACH configuration periodicity and UL/DL configuration as aforementioned. 
A simple way of FDMed manner is to configure the offset in F-domain between the end of the access PRACH and the start of the backhaul PRACH as one example in Fig. 3. Thus, the IAB MT could find the start position of first RO, and the rest PRACH could be found by following the normal RACH determination method, i.e., based on the PRBs occupied by one RO and the number of FDMed ROs (which are consecutive in F-domain). 
Based on such FDMed manner, it’s easy to just re-configure the PRACH configuration period for backhaul RACH (i.e., the x value). However, the configuration of preamble format will be an impact to the system, as will be further discussed later. In short, if access UE and IAB node utilize the different preamble format, FDM manner might be challenging to the gNB implementation since then the gNB needs to be capable to detect two different preamble formats at the same time, which in a way will increase the gNB complexity. Thus, it might be easier to use FDMed manner when both access UE and IAB node use the same preamble format.
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Fig. 3 – FDMed manner for determination of backhaul RACH
Observation 3: Using FDMed methods for IAB RACH resource may increase the gNB detection complexity if different preamble format is used.
Proposal 2: the configuration of backhaul RACH based on FDM to the access RACH can be considered if same preamble formats are used for access UE and IAB node.

2.2 Time domain offset due to half duplex constraint
In addition, it is also agreed that NR allows network to configure offset(s) for PRACH occasions for MT IAB node(s), to TDM backhaul RACH resources across adjacent hops, i.e., TDM between the RACH resource configured by the donor node and the RACH resource configured by the IAB node. This offset can either be achieved by the donor or parent IAB node configuration or it can be achieved by the child IAB node(s) based on its own PRACH configuration. Considering the former method will require the parent IAB node to configure such offset for all child nodes and grandchild nodes multiple hops away, it is more reasonable to have the offset determined by the child IAB node(s) itself. The child IAB node(s) can then broadcast the PRACH configuration index and the offset value for its associated UEs.
Proposal 3: PRACH configuration offset should be achieved by the IAB node itself based on its own PRACH configuration index and if offset is needed, it can be broadcasted by the IAB node with PRACH configuration index in the system information.
Scaling factor to X and offset to Y
As agreed in the last meeting, the scaling the parameter ‘x’ from the PRACH configuration table and an offset y_offset to the parameter ‘y’ (frame-based offset) can be used for extension on existing PRACH configuration in Rel-15. Denote the PRACH configuration periodicity in IAB as x_IAB and PRACH configuration periodicity in the existing PRACH configuration in Rel-15 as x_NR, so x_IAB=beta*x_NR. Since the x_NR is selected from {1,2,4,8,16}. By configuring very few RO in one PRACH configuration period, gNB could already save a lot on resource consumption for IAB PRACH, so far it’s not observed to have very strong evidence to support even larger PRACH configuration periodicity for IAB node. Thus, for beta value, it could be an optional 2-bits parameter indicating 4 values from {2,4,8,16} and if it is omitted, x_IAB = x_NR by default. This value range is able to allow gNB to configure x_IAB to any value in {1, 2, 4, 8, 16} no matter what is current x_NR.
For the value range of y_offset, theoretically the value range of y could be 0~15 considering the x=16, so 4-bit y_offset could be a starting point. However, it may not be necessary to have such full flexibility in the configuration. The final value range of the y_offset need further study.
Proposal 4: scaling factor beta for the x could be an optional 2-bits parameter indicating 4 values from {2,4,8,16}.
Proposal 5: frame offset y_offset could use 4-bit value range from 0~15 as a starting point and further reduce the value range needs carefully study.
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Fig. 4 – Example of TDM between RACH resource configured by donor and IAB1.
2.3 PRACH format configuration
As shown in the Fig. 1, in some cases the IAB node will be out of the coverage of its parent node (donor or parent IAB node), so the preamble format configured for the access UE by the parent node may not be suitable for the IAB MT to access, i.e., the delay budget of the preamble format configured for the access UE may not be enough to cover the RTT between IAB MT to its parent node. There could be two types of solutions:
1. Same preamble format but configure/pre-define a TA value for the IAB PRACH to compensate the extra distance for the IAB MT. This could allow the system to configure only one preamble format so that somehow ease the detection burden. However, the reliability of such method is highly dependent on the setting of the TA value. If the RTT and the delay spread between the parent node and the IAB MT is known, the system could pick an accurate TA, and by receiving the preamble, parent node could estimate a TA adjustment and sent back to IAB MT for future UL transmission. However, sometimes even when parent node is aware the existence of the IAB node, the channel paths between them is difficult to be estimated accurately. Thus the uncertainty of delay spread may lead to inappropriate TA value which still fails the backhaul random access.
2. Configure a separate preamble format to the IAB backhaul RACH. For example, the RO resource for backhaul RACH is separate from the access RO resource in time domain, so detecting a different preamble format is not a big problem for parent node. The main issue is how to determine the RACH slots, RO starting position, RO number in a RACH slot in the backhaul RACH resource. The parent node could reuse the PRACH configuration index for access RACH configuration but with some adjusting rules. As shown in following example in Fig. 5, access RACH configures PRACH configuration index 94 with preamble format A1 (each RO occupy 2 OFDM symbols) and backhaul RACH wants to reuse the PRACH configuration index 94 but with a different preamble format A2 (each RO occupy 4 OFDM symbols). The adjusting rule could be reusing the indicated starting position but the number of RO in T-domain will be re-calculate based on the configured preamble format. In this example, the backhaul RO in a RACH slot will start at OFDM symbol 0, and the number of RO in T-domain will be 3.
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Fig. 5 – example of adjust the backhaul RO number.
Proposal 6: Configuring a different preamble format with adjustment rule could be considered for backhaul RACH. 
2.4 PRACH configuration signaling
As aforementioned, due to different requirements and capabilities of IAB nodes and UEs in terms of, e.g., coverage and transmission power, it is desirable to have different RACH configurations for IAB nodes and UEs and it has been agreed that IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, longer periodicities, and new formats, compared to access RACH resources without impacting Rel.15 UEs. In NR, in the time domain, the time resources used by PRACH are given by the higher-layer parameter prach-ConfigurationIndex, which is included in the system information and should be common for all the UEs. It means if different time resources or preamble formats need to be configured for IAB nodes, multiple sets of RACH configuration parameters are needed. In order to be able to configure multiple sets of RACH parameters, the RACH configuration IEs in RRC, e.g., RACH-ConfigCommon should be expanded to cover multiple parameter sets. There should be an explicit flag signal to indicate that RACH for IAB nodes is enabled. The additional configuration signaling can be either conveyed via backhaul links from the donor IAB node to its child IAB nodes and so on, or broadcasted with system information. For the former case, IAB nodes can perform RA procedure as if the IAB node is a UE initially. Once the initial access is complete, additional configuration can be done by its parent IAB node. For the latter case, RACH resources and configurations can be different for IAB nodes and UEs from the beginning with higher RACH efficiency but additional signaling is needed in system information. The flag signal should be broadcasted.
Proposal 7: NR should consider multiple sets of RACH parameters for RACH multiplexing and a flag signal can be considered to indicate such configuration and broadcasted in system information.

3 Conclusion
In this contribution, the issues for backhaul RACH resource configuration are discussed. The following observations and proposals are draw:
Observation 1: Using CDMed access RACH resource for IAB RACH resource by further partitioning the preamble group may have significant impact to Rel-15 access UE.
Observation 2: Using TDMed methods for IAB RACH resource could have negligible impact to Rel-15 access UE.
Observation 3: Using FDMed methods for IAB RACH resource may increase the gNB detection complexity if different preamble format is used 

Proposal 1: the configuration of backhaul RACH based on TDM to the access RACH could be considered.
Proposal 2: the configuration of backhaul RACH based on FDM to the access RACH can be considered if same preamble formats are used for access UE and IAB node.
Proposal 3: PRACH configuration offset should be achieved by the IAB node itself based on its own PRACH configuration index and if offset is needed, it can be broadcasted by the IAB node with PRACH configuration index in the system information.
Proposal 4: scaling factor beta for the x could be an optional 2-bits parameter indicating 4 values from {2,4,8,16}.
Proposal 5: frame offset y_offset could use 4-bit value range from 0~15 as a starting point and further reduce the value range needs carefully study.
Proposal 6: Configuring a different preamble format with adjustment rule could be considered for backhaul RACH.
Proposal 7: NR should consider multiple sets of RACH parameters for RACH multiplexing and a flag signal can be considered to indicate such configuration and broadcasted in system information.
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