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Introduction
This contribution provides a summary and associated offline agreement proposals for section 7.2.3.2 of the agenda on the subject of RACH extensions for IAB.
[bookmark: _Ref535901225]Scope  
It has been agreed that IAB node specific enhancements to the RACH framework are needed [1] to enable longer periodicities and time orthogonalization of RACH occasions in adjacent links.
Agreements from RAN1 #96
Agreements:
         New RACH configurations specific to IAB nodes are derived with extension of existing Rel 15 RACH configurations obtained by:
o   scaling the parameter ‘x’ from the PRACH configuration table, and
o   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.  

      
Discussion points
Scaling factor for periodicity
Maximum periodicity for IAB RACH configurations
There are some proposals ([2], [9], [11]) for up to 1280 ms, some proposals ([6], [10]) for 640 ms, , one proposal for 320 ms [4]. On the other hand [5] and [8] propose not to increase the periodicity for backhaul RACH configurations.
Form of scaling factor
There is a majority consensus towards a scaling factor that is a power of 2. Using additional values is proposed in [4].
Scaling factor
Considering that extending the RACH periodicity was previously agreed in the IAB TR [1] and captured in the IAB WID, the following is proposed:

Offline agreement 1:
The periodicity of a backhaul RACH configuration in frames takes the form x_iab = x * λ where:
· x is the periodicity of an existing RACH configuration,
· λ is a scaling factor taking values in {1, 2, 4, 8, 16, 32, 64} subject to the constraint x_iab ≤ 64.

Companies proposals on this discussion point:
	Huawei
R1-1903937
	Proposal 1: Two constraints on scaling factor values should be considered: the scaling factor should be the power of two; the ‘x’ after scaling should not exceed 128. 

	LGE
R1-1904204
	

Proposal 2: For longer periodicity of RACH resource for IAB nodes, relative values of periodicities of RACH resources between UEs and IAB nodes are used. Assuming  for IAB nodes and  for UEs, x’ is additionally signaled for periodicity of IAB RACH resources.

	ZTE
R1-1904811
	Proposal 1: The scaling factor can be {1,2,4,8,16} and PRACH period after scaling should be no longer than 160ms. The additional offset satisfies 0≤y_offset<16.

	Samsung
R1-1904416
	Proposal 4: scaling factor beta for the x could be an optional 2-bits parameter indicating 4 values from {2,4,8,16}.

	Nokia
R1-1904641
	Proposal 1: The scaling parameter ( of ‘x’ from the PRACH configuration table(s) should be predefined for IAB operation. The values for the scaling parameter ( are
· for  = 16 and 4.
· for  = 8, 2, and 1.

	Ericsson
R1-1905595
	Proposal 6: The periodicity scaling factor can take the values 1, 2, 4, and 8.

	Intel
R1-1904291
	Proposal 1: To generate orthogonal RACH resource among adjacent hops, design a number of scaling/offset values each apply to a group of RACH configuration entries. 

	NTT Docomo
R1-1904954
	Proposal 2: By using the scaling factor applicable to the parameter ‘x’ in the PRACH configuration table, effective ‘x’ values of {32, 64} are supported.
· For PRACH configurations with ‘x’ = 2^N, scaling factor of 2^M is supported, where M = 1, 2, …, 6-N.

	Qualcomm
R1-1902991
	Proposal 1: The PRACH configuration period in IAB networks should not be scaled beyond 1.28 second. 




Offset to generate time orthogonality
The main discussion point is the range and allowed values for the frame level offset and the slot level offset and their relation to other system constraints, e.g. compatibility with TDD UL/DL configuration. The following is proposed in the spirit of proposal 7 in section 3.3.

Offline agreement 2:
The frame containing backhaul ROs is identified by (nSFN mod x_iab) = ((y + Δy) mod x_iab) where Δy denotes a time offset in frames taking values in the range from 0 to x_iab – 1.

Offline agreement 3:
The subframe (slot) number for a RO of a backhaul RACH configuration is identified by (Sn + Δs,) mod L, where:
· Sn is the subframe (slot) number of an existing RACH configuration,
· Δs denotes a time offset in subframes (slots) taking values in the range from 0 to L – 1, where L is the number of subframes (slots) in a frame.
NOTE: The usage of the terms subframe or slot is meant to align to the terminology used in the existing RACH configuration tables in TS 38.211, e.g. subframe in Tables 6.3.3.2-2 and 6.3.3.2-3, and slot in Table 6.3.3.2-4.


Companies proposals on this discussion point:
	Huawei
R1-1903937
	Proposal 2: The frame offset y_offset applicable to ‘y’ in different PRACH configuration should not exceed 15. 
Proposal 3: A slot level offset to the existing PRACH configurations should be specified and the values should at least include {-1, -2}.

	ZTE
R1-1904811
	Proposal 1: The scaling factor can be {1,2,4,8,16} and PRACH period after scaling should be no longer than 160ms. The additional offset satisfies 0≤y_offset<16.

	Samsung
R1-1904416
	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.

	Nokia
R1-1904641
	Proposal 2: The offset parameter ( of the frame based offset parameter of ‘y’ shall be defined for IAB operation as follows. 
· for  = 16,8,4, and 2. 
· Rel-15 PRACH configurations are reused for  = 1

	Ericsson
R1-1905595
	[bookmark: _Toc4675031][bookmark: _Toc4685479][bookmark: _Toc4685599][bookmark: _Toc4685928][bookmark: _Toc4748682][bookmark: _Toc4766432]Proposal 2: The frame-level offset can range from 0 to βx-1 for periodicity x, where β is the periodicity scaling factor.
Proposal 3: The subframe/slot-level offset can range from 0 to L-1, where L is the number of subframes or slots in a frame.

	NTT Docomo
R1-1904954
	Proposal 3: For an offset y_offset to the parameter ‘y’ (frame-based offset) in the PRACH configuration table, full flexibility of frame-based offset is supported, i.e., effective ‘y’ value achieved by y_offset supports all possible integer values from 0 to ‘x’-1.
· For an offset to the slot/subframe number (slot/subframe-based offset), if it is supported, possible offset values should be limited with consideration of TDD DL/UL patterns as current slot number values supported in PRACH configuration table.

	Qualcomm
R1-1902991
	Proposal 3: Introduce slot and subframe level offset(s) for PRACH occasions for IAB nodes. PRACH occasions will be in subframe SFN and slot SLN if:
· mod(SFN, x * S) = mod(y + y_offset, x * S) 
· SLN = mod(SLN_index + SLN_offset, 40)  for FR2 and SLN = mod(SLN_index + SLN_offset, 10) for FR1
· Values of y_offset range between 0 to 127. Values of SLN_offset range between 0 to 39 for FR2 and 0 to 9 for FR1.
· x and y correspond to the reference PRACH configuration in the PRACH configuration table used as a starting point for the construction of the IAB specific PRACH configuration
· SLN_index are the slot locations of the corresponding PRACH config entry

	CMCC
R1-1904727
	Proposal 1: The offset granularity configured to the IAB node should be both frame-level and slot-level.






Restricting or not the derived backhaul RACH configurations
Main discussion is whether or not impose restrictions on the backhaul RACH configurations obtained by scaling and offsetting the existing RACH configurations.

Offline agreement 4:
The validity of ROs for backhaul RACH configurations is regulated by the rules defined in Rel-15 for existing RACH configurations.

Offline agreement 5:
Partial overlap of ROs between RACH configurations used in two adjacent links (upstream towards the parent and downstream towards the children from an IAB node perspective) is allowed. 


Observation:
It is envisioned that a reasonable IAB implementation will behave such that if and when the DU RO overlaps in time with the MT RO, the DU RO takes precedence unless the IAB node has determined that a RACH transmission is needed.



Companies proposals on this discussion point:
	Huawei
R1-1903937
	Proposal 4: With rules defined in Rel-15 and some potentially constraints introduced by IAB resource allocation, it is up to network implementation to not use resulting configurations that may not fit other system constraint.

	ZTE
R1-1904811
	Proposal 2: IAB node MT should take into account the NA resource of parent DU in the validation of its PRACH occasion that is not configured for any access UE. 

	Ericsson
R1-1905595
	Proposal 4: Specification allows new ROs after applying the provided offset to be (partly) overlapped with the original ones.
Proposal 5: Extending ROs for backhaul RACH resources using offset 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.

	NTT Docomo
R1-1904954
	Proposal 4: For IAB-node MT, a PRACH occasion in a PRACH slot is invalid if it is within DU-available (e.g., “hard” or “soft”) resource according to semi-static DU resource configuration.

	Qualcomm
R1-1902991
	Proposal 4: Conflict resolution needs to be addressed when PRACH resources in the upstream link (PRACH transmission towards parent IAB nodes) and in the downstream link (PRACH reception from child IAB nodes and child UEs) overlap in time domain.
PRACH transmission, when triggered, takes priority over PRACH reception.
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