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In RAN1 #96bis, the following agreements on RACH design for IAB was achieved:
	Agreements:
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.
Agreements:
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.
Agreements:
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.
Agreements:
The validity of ROs for backhaul RACH configurations is regulated by the rules defined in Rel-15 for existing RACH configurations.
Agreements:
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. 


In RAN1 #92, an LS was sent to RAN2 to suggest the maximum TBS for PDSCH containing RMSI/OSI/Paging/RAR, which is 3000 bits [1]. In RAN2 #103bis, a CR [2] was agreed in principal which claims the maximum SIB1 or SI message size is 2976 bits. The overhead of IAB RACH configuration should be analyzed and considered. In this contribution, we discuss remaining overhead issues on RACH configuration for IAB backhaul link.
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RMSI overhead analysis
In Rel-15, the payload of RMSI (SIB1) was carefully investigated. Since some configurations in RMSI are optional that are not required for every scenario, the actual size of RMSI may also vary. In [3], a RMSI overhead evaluation in detail was given as, in which RMSI size was considered depends on different configuration cases: 
Table 1. RMSI size with different configuration cases
	
	Basic estimation
	General case 
	Worst case

	
	
	value
	Additional bits consumed
	value
	Additional bits consumed

	The number of FreqBandIndicatorNR
	3
	6
	90 bits
	8
	150 bits

	The number of PDSCH-TimeDomainResourceAllocation
	0
	8
	88 bits
	16
	176 bits

	The number of PUSCH-TimeDomainResourceAllocation
	0
	8
	176 bits
	16
	352 bits

	The number of PLMNs
	3
	6
	161 bits
	12
	483 bits

	The number of SI and SIBs
	3 SI for 8 SIBs
	8 SI for 8 SIBs
	56 bits
	10 SI for 16 SIBs
	164 bits

	RMSI size [bits]
	2249
	2820 
	3574

	Note 1: Additional bits consumed are based on basic estimation.
Note 2: This table assume 3 PLMNs are one group and they share common TA, Cell ID, SIAID configuration (i.e., 4 groups of related configuration to 12 PLMNs). 


The RACH configuration will consume about 113 bits according to the analysis, more details can be found in the Appendix. In the general case assumed in this analysis, the RMSI size is approaching the maximum RMSI size agreed by RAN2. For a cell support IAB node access, an extra set of RACH configuration may be broadcasted in RMSI. 
Observation 1: The size of RMSI with IAB RACH configuration can satisfy the maximum TB size limitation in general configuration scenarios, but it will exceed this value in some configuration scenarios.
RACH configuration overhead reduction in IAB
The PRACH resources on backhaul link are used for IAB MT initial access. As a possible implementation, the RACH resources on child backhaul link can choose a preamble format which support longer distance than the access UEs. To reduce the overhead, a longer backhaul link PRACH periodicity can configured. The PRACH configurations for the IAB node needs to be broadcasted in RMSI to the IAB node MT. The backhaul RACH configuration may include PRACH configuration index, scaling factor on ‘x’, offset on ‘y’ and slot numbers, SSB associating information, the PRACH root sequence index etc. This may consume more than 100 bits according to the previous analysis. To avoid UE experiences long access delay, usually the network will not broadcast RMSI with a long periodicity. Typically, for SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20ms. In Figure 1, a 20ms RMSI period is assumed and IAB backhaul PRACH is broadcasting with every RMSI. Since the number of IAB node probably is small in a specific area, and IAB node initial access is a relative rare, broadcasting backhaul RACH resources along with every RMSI has high overhead and may be not necessary.
Observation 2: IAB Backhaul RACH configurations broadcasting along with every RMSI has high overhead.
As agreed in last meeting, IAB PRACH resource period may be scaled up to 640ms. In such case, although IAB RACH configurations is included in RMSI with a short period, potential IAB node cannot perform initial access until the valid occasions. A short broadcasting period of RMSI with IAB RACH configuration may be unnecessary since in some cases IAB node anyway may have to wait a long duration for RACH resources.
Observation 3: Short broadcasting period of RMSI with IAB RACH configuration may be unnecessary.


Figure 1. A schematic diagram of IAB PRACH configuration overhead in RMSI
One solution is to support only a subset of RMSI has IAB backhaul RACH configurations. In another words, IAB backhaul RACH configurations are still broadcasting in RMSI but with a longer periodicity. Thus, the overhead of IAB backhaul RACH can be reduced, and the IAB node MT can still obtain IAB backhaul RACH by receiving the RMSI which including IAB backhaul RACH configurations. Since the IAB backhaul RACH is transparent to Rel-15 UEs, so the enhancements on RACH configuration signaling for IAB (RMSI) should not have any impact to UEs.
Proposal: Some enhancements should be considered to reduce the overhead of broadcasting backhaul RACH configurations.
Conclusions
In this contribution, we discuss the RACH design for IAB. Based on the discussion, we have the following observation and proposals：
Observation 1: The size of RMSI with IAB RACH configuration can satisfy the maximum TB size limitation in general configuration scenarios, but it will exceed this value in some configuration scenarios.
Observation 2: IAB Backhaul RACH configurations broadcasting along with every RMSI has high overhead.
Observation 3: Short broadcasting period of RMSI with IAB RACH configuration may be unnecessary.
Proposal: Some enhancements should be considered to reduce the overhead of broadcasting backhaul RACH configurations.
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Appendix
Table 2 RACH-ConfigCommon
	Parameters
	Size
	Additional bits
	Comments

	RACH-ConfigCommon
	103
	10
	Total: 113

	prach-ConfigCommonGeneric  PRACH-ConfigGeneric,
	39
	
	

	totalNumberOfRA-Preambles           INTEGER (1..63)                                                                      OPTIONAL
	6
	1
	

	ssb-perRACH-OccasionAndCB-PreamblesPerSSB   CHOICE { 
        oneEighth                               ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        oneFourth                               ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        oneHalf                                 ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        one                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
        two                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32}, 
        four                                    INTEGER (1..16), 
        eight                                   INTEGER (1..8), 
        sixteen                                 INTEGER (1..4)
    }                              
	4
	3
	

	groupBconfigured                    SEQUENCE {
        ra-Msg3SizeGroupA                   ENUMERATED {b56, b144, b208, b256, b282, b480, b640, b800, b1000, spare7, spare6, spare5,
                                            spare4, spare3, spare2, spare1},
        messagePowerOffsetGroupB            ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
        numberOfRA-PreamblesGroupA          INTEGER (1..64)
} OPTIONAL
 
	13
	1
	

	ra-ContentionResolutionTimer  ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}
	3
	
	

	ssb-Threshold  RSRP-Range  OPTIONAL
	7
	1
	

	sul-RSRP-Threshold	  RSRP-Range  OPTIONAL,
	7
	1
	

	prach-ConfigurationIndex  INTEGER (0..255)  OPTIONAL,
	8
	1
	

	prach-RootSequenceIndex					CHOICE {
		l839									INTEGER (0..837),
		l139									INTEGER (0..137)
	}												
	10
	1
	

	msg1-SubcarrierSpacing  SubcarrierSpacing
	3
	
	

	restrictedSetConfig  ENUMERATED {unrestricted, restrictedToTypeA, restrictedToTypeB},
	2
	
	

	msg3-transformPrecoding	  ENUMERATED {true}  OPTIONAL
	1
	1
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