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1. Introduction
At the RAN1 NR-Adhoc #1901 meeting, the extension of RACH occasions and periodicities for backhaul RACH resources was discussed [1], and following offline proposals were provided in summary document [2] although there was no time to discuss on them at the RAN1 NR-Adhoc #1901 meeting. 
	How to derive IAB node specific RACH configurations
How to design IAB node specific RACH configurations:
1) Simple extensions of existing Rel 15 RACH configurations, e.g. using scaling, offsets, etc.
2) Completely new configurations, e.g. new preamble formats.

Given that minimization of specification work is a general objective for the WG, approach 1) is preferred, provided it meets the requirements for the new RACH configurations that need to be created.

Offline proposal 1:
New RACH configurations specific to IAB nodes are derived from simple extensions of existing Rel 15 RACH configurations, e.g. using scaling, offsets, etc.

[bookmark: _Hlk536055140]Design of IAB node specific RACH configurations
Key design parameters for new RACH configurations:
· Maximum periodicity.
· Cardinality of new RACH configurations set (i.e. how many new configurations we need?).

Offline proposal 2:
Further study the following design parameters for IAB node specific RACH configurations:
· Maximum periodicity.
· Cardinality of new RACH configurations set.



In this contribution, we discuss on the extension of RACH occasions and periodicities for backhaul RACH resources. 
2. Discussion on extension of RACH occasions and periodicities for backhaul RACH resources
During the IAB SI, IAB-node RACH had been discussed and following is captured in the TR38.874 [3].
	[bookmark: _Toc531477265][bookmark: _Toc531609837]7.2.3	IAB-node RACH
IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, longer RACH periodicities, and additional preamble formats allowing for longer RTT, compared to access RACH resources without impacting Rel-15 UEs.
Based on Rel-15 PRACH configurations, the network is allowed to configure offset(s) for PRACH occasions for the MT of IAB-node(s), in order to TDM backhaul RACH resources across adjacent hops.



We agree with offline proposal 1 in [2] that new RACH configurations specific to IAB nodes should be based on simple extensions of existing Rel-15 RACH configurations in order to minimize specification impact with achieving suitable RACH resource configuration for IAB. 
Proposal 1: New RACH configurations specific to IAB nodes are derived from simple extensions of existing Rel-15 RACH configurations, e.g. using scaling, offsets, etc.

Assuming the half duplex constraint at an IAB-node, backhaul RACH resource (for PRACH transmission towards parent node) and access RACH resource (for PRACH reception from access UEs and/or child IAB-nodes) should be TDMed. In addition, access RACH resource configuration such as occasion, periodicity and format for access UEs and those for child IAB-nodes could also be different because of different coverage and mobility. Therefore, we consider that RACH configuration including prach-ConfigurationIndex for child IAB-node MT should be able to be separately provided from that for access UE.
Proposal 2: The IAB-node/donor is able to provide RACH configuration including prach-ConfigurationIndex for child IAB-node MT separately from that for access UE.

In RACH configuration for IAB-node MT, the offset(s) for PRACH occasions can be supported according to the following agreements made at RAN1#94bis meeting [4]. 
	Agreements:
· Based on Rel-15 PRACH configurations, NR allows network to configure offset(s) for PRACH occasions for MT IAB node(s), to TDM backhaul RACH resources across adjacent hops. The detailed granularity of the offset (e.g., radio frame, subframe, slot, etc.) is left for WI phase


In addition, longer RACH periodicity can also be supported for IAB-node MT according to the following agreements [4].
	Agreements:
· For IAB node random access support
· Longer RACH periodicity
· Additional preamble formats allowing for longer RTT
· Details left for WI phase



In order to prolong RACH periodicity without modification on PRACH configuration tables i.e., Table 6.3.3.2-2/3/4 in TS38.211, applying scaling factor to “x” in PRACH configuration table can be considered. For example, if scaling factor 2 or 4 is applied to “x” so that x’ = 2x or 4x, PRACH resource periodicity becomes 2 or 4 times longer. Candidate values for the scaling factor should be decided in the WI.
Proposal 3: RACH configuration for child IAB-node MT includes scaling factor to “x” in PRACH configuration table to prolong RACH periodicity.

Even if RACH configuration for child IAB-node MT applies longer periodicity by using scaling factor compared with that for access UE, some of RACH occasions may collide between those for child IAB-node MT and those for access UE as well as between IAB-node MTs with different hop orders. Hence, offset(s) for PRACH occasions for child IAB-node MT should also be included in RACH configuration for child IAB-node MT. For the offset granularity, slot or subframe level offset can be achieved by using different prach-ConfigurationIndex between RACH configurations. Therefore, we propose to apply SFN level offset i.e., offset to “y” in RACH configuration table for IAB-node MT. 
Proposal 4: RACH configuration for child IAB-node MT includes offset to “y” in PRACH configuration table to facilitate TDMed RACH occasions.

Figure 1 shows an example of scaling factor and offset applied to PRACH configuration.
[image: ]
Figure 1: Example of scaling factor and offset

In Rel-15, SSB-to-RO (RACH occasion) association is specified as below [5].
	













A UE is provided a number  of SS/PBCH blocks associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block per valid PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index 0. If ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index  where  is provided by totalNumberOfRA-Preambles and is an integer multiple of . 





For link recovery, a UE is provided  SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-Occasion in BeamFailureRecoveryConfig. If , one SS/PBCH block is mapped to  consecutive valid PRACH occasions. If , all consecutive  SS/PBCH blocks are associated with one PRACH occasion. 
SS/PBCH block indexes are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots



An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of ssb-PositionsInBurst in SystemInformationBlockType1 and/or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to  SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions.
~


For paired spectrum all PRACH occasions are valid. For unpaired spectrum, if a UE is not provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2.
If a UE is provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 



-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol, where  is provided in Table 8.1-2. 
For preamble format B4 [4, TS 38.211], [image: ]. 


Table 8.1-2:  values for different preamble SCS 
	Preamble SCS
	


	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2






So in Rel-15, RACH occasions are derived from PRACH configuration, and then valid RACH occasions are determined based on TDD-UL-DL-ConfigurationCommon and/or SS/PBCH block configuration. However, in Rel-16 IAB, validity of RACH occasions may be impacted by additional IAB-specific factor(s), e.g., DU resource configuration such as “hard” resources. If how to determine the validity of RACH occasions is unclear, the assumed SSB-to-RO association between parent node and child MT may be different, and it is problematic since inappropriate beam would be used for RACH procedure. In addition, due to limited resource configuration flexibility, it may be difficult for NW/CU to ensure that DU hard resource does not overlap with MT RACH occasions.
Therefore, assuming that the IAB-node MT can know the IAB-node DU configuration, it should be specified that the IAB-node MT determines valid RACH occasions based on both MT configurations including TDD-UL-DL-ConfigurationCommon and/or SS/PBCH block configuration and DU resource configurations.
Proposal 5: For IAB-node MT, a PRACH occasion in a PRACH slot is invalid if it is within DU-available resource according to DU resource configuration.

As argued above, we assume that RACH occasions for access UEs and those for child IAB-nodes should be TDMed by using different prach-ConfigurationIndex and/or offset to “y” for IAB-nodes. If common RACH occasions are configured for access UEs and child IAB-nodes by parent node/donor, SSB-to-RO association which is common between UE and IAB-node should not be impacted by any IAB-node specific aspects since UE cannot know them.


3. Conclusion
In this contribution, we discussed on the extension of RACH occasions and periodicities for backhaul RACH resources. Based on the discussion, we made following proposals.
Proposal 1: New RACH configurations specific to IAB nodes are derived from simple extensions of existing Rel-15 RACH configurations, e.g. using scaling, offsets, etc.
Proposal 2: The IAB-node/donor is able to provide RACH configuration including prach-ConfigurationIndex for child IAB-node MT separately from that for access UE.
Proposal 3: RACH configuration for child IAB-node MT includes scaling factor to “x” in PRACH configuration table to prolong RACH periodicity.
Proposal 4: RACH configuration for child IAB-node MT includes offset to “y” in PRACH configuration table to facilitate TDMed RACH occasions.
[bookmark: _GoBack]Proposal 5: For IAB-node MT, a PRACH occasion in a PRACH slot is invalid if it is within DU-available resource according to DU resource configuration.
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