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Introduction
In RAN1#96, the following agreements on IAB resource multiplexing were reached [1] :
	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.  




In this contribution, we focus on the extension of existing ROs with offset and scaling. The signalling of indicating ROs for IAB nodes is discussed and the value ranges for offset and scaling factor are analysed. 
Extend existing ROs with offset and scaling
The main focus in the IAB RACH discussion is to extend current RACH configurations with time-domain offsets and scaling, which asks for less specification effort since it can be derived from the existing Rel-15 PRACH configurations in [2]. New ROs are created via time-domain offset in frame, subframe/slot, etc, and scaling with respect to the periodicity.
In this case, there can be two ways to configure ROs for IAB nodes and UEs under the same parent node. 
1) The parent node provides a single prach-ConfigIndex to both IAB nodes and UEs, with certain attributes of IAB node modified by additionally provided parameters, such as offset and/or scaling factor. 
2) The parent node provides respective prach-ConfigIndex to IAB nodes and UEs, with certain attributes of IAB node modified by additionally provided parameters, such as offset and/or scaling factor.
The first approach limits the IAB node to use the configuration which may be chosen from the UE perspective, and therefore might not be completely suitable for an IAB node. In this case, the preamble format needs also be a modifiable attribute for an IAB node in addition to the offset on ROs and scaling factor of periodicity. Also, the offset will make the ROs used by UEs and IABs under the same parent node timewise (almost) orthogonal. It requires the parent node to reserve (almost) twice the amount of UL resources to receive possible PRACH transmission comparing to the case if the parent node only serves UEs.
The second approach allows the parent node choosing a configuration better fitting IAB nodes’ deployment features, in terms of preamble format and the number of needed ROs. In addition, it is possible to choose a configuration for IAB nodes that after modified by signaled offset still has ROs partially overlapped with the ROs configured for UEs under the same parent node, since they may be based on different original configurations. This can reduce the number of reserved UL resources at the parent node for receiving possible PRACH from both IAB nodes and UEs.
[bookmark: _Toc4576494][bookmark: _Toc4577150][bookmark: _Toc4577351][bookmark: _Toc4587126][bookmark: _Toc4587161][bookmark: _Toc4675030][bookmark: _Toc4685478][bookmark: _Toc4685598][bookmark: _Toc4685927][bookmark: _Toc4748681][bookmark: _Toc4766431][bookmark: _Toc4766477][bookmark: _Toc4766557][bookmark: _Toc4766766][bookmark: _Toc4787090][bookmark: _Toc4787151][bookmark: _Toc4787206][bookmark: _Toc4787372]The parent node can provide respective prach-ConfigIndex to IAB nodes and UEs, with the IAB-node configuration modified by additionally provided parameters, such as offset and scaling factor.
[bookmark: _Toc770022][bookmark: _Toc770054][bookmark: _Toc770088][bookmark: _Toc771744][bookmark: _Toc771767][bookmark: _Toc786948][bookmark: _Toc793477]Value range for y_offset
Table 1 shows some examples from the existing Rel-15 PRACH configurations [2]. 
[bookmark: _Ref4315985]Table 1: RO examples from Table 6.3.3.2-3 [2] for FR1 and unpaired spectrum.
	PRACH
Configuration
Index
	nSFN mod x = y
	Subframe number

	
	x
	y
	

	15
	1
	0
	1,6

	21
	1
	0
	4,8,9

	23
	1
	0
	7,8,9

	76
	2
	1
	2,3,4,7,8,9

	86
	1
	0
	0,1,2,3,4,5,6,7,8,9



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+y_offset[f]) mod βx) for (y_offset[f] mod x) ≠ 0 where y_offset[f] denotes the time offset in frame level and β denotes a periodicity scaling factor. Note that y_offset[f] can be set to 0 which means the timewise orthogonality against the existing configuration may be created at the subframe/slot level. 
[bookmark: _Toc4675031][bookmark: _Toc4685479][bookmark: _Toc4685599][bookmark: _Toc4685928][bookmark: _Toc4748682][bookmark: _Toc4766432][bookmark: _Toc4766478][bookmark: _Toc4766558][bookmark: _Toc4766767][bookmark: _Toc4787091][bookmark: _Toc4787152][bookmark: _Toc4787207][bookmark: _Toc4787373]The frame-level offset can range from 0 to x-1 for periodicity x.
When the backhaul-specific RO offset is set in subframe (FR1) or slot (FR2) level, in principle, y_offset[s] can range from 1 to L-1, where L is the number of subframes or slots in a frame. If for certain configuration the number of Rel-15 PRACH subframes/slots in a frame is larger than 1, to create new ROs completely timewise orthogonal to the existing one, a more restrictive range is needed. The absolute value of offset y_offset[s] should be smaller than the minimum subframe/slot interval between two non-consecutive Rel-15 PRACH-subframes/slots. After implementing the offset, the backhaul-specific PRACH-subframe/slot number should be ms = ((ns + y_offset[s]) mod L), where ns is the Rel-15 PRACH subframe (or slot) number based on which the offset is implemented and ms is the subframe (or slot) number after implementing the offset. For example, prach-ConfigIndex = 15 in Table 1, the y_offset[s] can be set within range 1 to 4 subframes create new ROs completely timewise orthogonal to the original one. 
[bookmark: _Toc4675032][bookmark: _Toc4685480][bookmark: _Toc4685600][bookmark: _Toc4685929][bookmark: _Toc4748683][bookmark: _Toc4766433][bookmark: _Toc4766479][bookmark: _Toc4766559][bookmark: _Toc4766768][bookmark: _Toc4787092][bookmark: _Toc4787153][bookmark: _Toc4787208][bookmark: _Toc4787374]The subframe/slot-level offset can range from 1 to L-1, where L is the number of subframes or slots in a frame.
[bookmark: _GoBack]Note that there are also cases are when the Rel-15 configuration has consecutive subframe/slot defined. In these cases, the range of y_offset[s] should start with the number of consecutive PRACH subframes defined in the existing configuration to create new ROs completely time-wise orthogonal to the existing ones. For example, prach-ConfigIndex = 21 in Table 1 has two consecutive PRACH subframes defined, so y_offset[s] should be set within range 2 to 3 subframes. Another example prach-ConfigIndex = 23 has three consecutive PRACH subframes defined, so y_offset[s] should be set within range 3 to 7 subframes. But there are still cases that no single subframe/slot-level offset can create a completely timewise orthogonal RO pattern with respect to the existing setting. One example is prach-ConfigIndex = 76 in Table 1. In this case, the network may provide a frame-level offset to the IAB node, or provide a subframe-level offset while ignoring all positions that overlapped with the Rel-15 PRACH subframes, i.e., only subframe 0, 1, 5, and 6 are considered as PRACH subframes for IAB node. In the latter case, special means is needed to inform child IAB nodes about the invalid ROs, which will be discussed together with the next case. 
The most extreme case is like the example prach-ConfigIndex = 86 in Table 1 that the periodicity x=1, and the defined PRACH subframes already span all subframe positions in the frame. In this case, there is neither frame-level nor subframe-level offset available to create timewise orthogonal ROs for IAB nodes. Specification should not forbid these configurations to be the configuration for IAB node. If one of such configurations has been assigned to the IAB node, one way to handle this issue is to in addition inform IAB node about some invalid ROs so that to create receiving opportunities for the IAB to receive PRACH from its child IAB nodes or UEs. 
[bookmark: _Toc4675033][bookmark: _Toc4685481][bookmark: _Toc4685601][bookmark: _Toc4685930][bookmark: _Toc4748684][bookmark: _Toc4766434][bookmark: _Toc4766480][bookmark: _Toc4766560][bookmark: _Toc4766769][bookmark: _Toc4787093][bookmark: _Toc4787154][bookmark: _Toc4787209][bookmark: _Toc4787375]Specification allows new ROs after applying the provided offset to be (partly) overlapped with the original ones. 
If the new ROs after applying the provided offset is (partly) overlapped with the original ones, the network may need to in addition inform MT or even UE about some invalid ROs if the adjacent-hop RO orthogonality requirement cannot be fulfilled. According to [3], valid ROs for a UE needs to fulfill certain TDD-UL-DL-ConfigurationCommon pattern or certain positioning relation with respect to SSBs. So, one can indicate invalid ROs to MT or UE by reversing the defined requirements. 
[bookmark: _Toc4577349][bookmark: _Toc4587124][bookmark: _Toc4587159][bookmark: _Toc4675028][bookmark: _Toc4685476][bookmark: _Toc4685596][bookmark: _Toc4685925][bookmark: _Toc4748679][bookmark: _Toc4766429][bookmark: _Toc4766475][bookmark: _Toc4766555][bookmark: _Toc4766764]Indicating invalid ROs to MT/UE is needed when backhaul ROs (partly) overlapped with the ROs configured for an adjacent hop.
[bookmark: _Toc4576493][bookmark: _Toc4577149][bookmark: _Toc4577350][bookmark: _Toc4587125][bookmark: _Toc4587160][bookmark: _Toc4675029][bookmark: _Toc4685477][bookmark: _Toc4685597][bookmark: _Toc4685926][bookmark: _Toc4748680][bookmark: _Toc4766430][bookmark: _Toc4766476][bookmark: _Toc4766556][bookmark: _Toc4766765]Indicating invalid ROs to MT/UE is already available in Rel-15 by providing TDD-UL-DL-ConfiguartionCommon to MT/UE and setting the corresponding RO symbols in TDD-UL-DL-ConfiguartionCommon to non-UL resource type.   
[bookmark: _Toc4685482][bookmark: _Toc4685602][bookmark: _Toc4685931][bookmark: _Toc4748685][bookmark: _Toc4766435][bookmark: _Toc4766481][bookmark: _Toc4766561][bookmark: _Toc4766770][bookmark: _Toc4787094][bookmark: _Toc4787155][bookmark: _Toc4787210][bookmark: _Toc4787376]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.
Value range for scaling factor
Regarding the scaling-factor value range we support the proposal in [4].
[bookmark: _Toc4685932][bookmark: _Toc4748686][bookmark: _Toc4766436][bookmark: _Toc4766482][bookmark: _Toc4766562][bookmark: _Toc4766771][bookmark: _Toc4787095][bookmark: _Toc4787156][bookmark: _Toc4787211][bookmark: _Toc4787377]The periodicity scaling factor can take the values 1, 2, 4, and 8.
Conclusion
In this paper we made the following observations:
Observation 1	Indicating invalid ROs to MT/UE is needed when backhaul ROs (partly) overlapped with the ROs configured for an adjacent hop.
Observation 2	Indicating invalid ROs to MT/UE is already available in Rel-15 by providing TDD-UL-DL-ConfiguartionCommon to MT/UE and setting the corresponding RO symbols in TDD-UL-DL-ConfiguartionCommon to non-UL resource type.

Based on the discussion above we propose the following:
Proposal 1	The parent node can provide respective prach-ConfigIndex to IAB nodes and UEs, with the IAB-node configuration modified by additionally provided parameters, such as offset and scaling factor.
Proposal 2	The frame-level offset can range from 0 to x-1 for periodicity x.
Proposal 3	The subframe/slot-level offset can range from 1 to L-1, where L is the number of subframes or slots in a frame.
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.
Proposal 6	The periodicity scaling factor can take the values 1, 2, 4, and 8.
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