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1 Introduction
In RAN1 #96bis and #97 meetings, 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. 

Agreements:

The signaling design for the IAB specific backhaul RACH configurations is up to RAN2.

RAN1 has the following recommendations:

· The ability to configure the IAB specific backhaul RACH configuration additionally to the Rel 15 RACH configuration for access UEs is supported.

· If the IAB specific RACH configuration is not provided, RAN1 assumes that IAB node will use the configured Rel 15 RACH configuration for IAB node initial access.

· Capability to configure IAB specific backhaul RACH configurations need to be provided for both CBRA & CFRA.


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 configurations should be analyzed and considered. In this contribution, we discuss remaining overhead issues on RACH configurations for IAB backhaul link and also the prioritize RACH for IAB.
2 Discussion
2.1 RACH configuration

In Rel-15 WI phase, 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 depending 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 configurations 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 configurations may be broadcasted in RMSI. 

Observation 1: The size of RMSI with IAB RACH configurations can satisfy the maximum TB size limitation in general configuration scenarios, but it will exceed this value in some configuration scenarios.
For the RMSI, it will be broadcasted with 20ms transmission period typically for SSB and CORESET multiplexing pattern 1 in order to avoid UE experiences long access delay, and the max transmission period is 160ms for pattern 2/3. While for the IAB specific PRACH resources on backhaul link are used for IAB MT initial access, as agreed in last meeting, the period of the IAB specific PRACH resources may be scaled even up to 640ms. Therefore, a short broadcasting period of RMSI with IAB RACH configurations may be unnecessary since in some cases IAB node anyway may have to wait a long duration for PRACH resources.
Observation 2: Short broadcasting period of RMSI with IAB RACH configurations may be unnecessary.
Based on the observations above, some enhancements can be considered for broadcasting the IAB specific configurations including RACH configurations. Similar to LTE, where separate SIBs were introduced to support D2D and V2X, a new separate SIB can be introduced for IAB specific broadcast messages including IAB specific RACH configurations. Alternatively, SIB1 need to be modified to convey IAB RACH configurations.
Besides, in the practice IAB networks, there are many leaf nodes in the topology, which have no child IAB connected. It is beneficial for those leaf IAB nodes not to broadcast the IAB configurations, since no child IAB node requiring. Once a new IAB node wants to access to a leaf IAB node, the new IAB node can request the SI message for IAB specific configurations by the on-demand request manner. Then the leaf IAB node will broadcast the SI message of IAB specific configurations. 

Observation 3: It is beneficial to configure the IAB specific parameters by the manner of on-demand SI.
Proposal 1: RAN2 discusses the need to introduce a separate SIB for IAB specific configurations including RACH configurations.
According to the RAN1 agreements, both CBRA and CFRA IAB specific backhaul RACH configurations can be provided for IAB optionally. If the IAB specific RACH configurations is not provided for IAB node initial access, RAN1 assumes that IAB node will use the configured Rel 15 RACH configuration. While for the other RACH case, e.g. PDDCH order, SI request, BFR based RACH and other conditions, both CFRA IAB specific and CBRA IAB specific configurations may be configured for IAB. Following the principles for RACH resource selection will be further described.

For the PDCCH order based CFRA, only SSB index, preamble index and PRACH Mask index are explicit indicated in the PDCCH, while the time-frequency domain RACH configurations are separately provided in the SIB1. If IAB specific common RACH configurations are not provided, IAB node will reuse the principle as the UE’s. And if both IAB common RACH configurations and UE common RACH configurations are provided for IAB node, IAB node shall prioritize to use IAB specific common RACH configurations as baseline. Therefore, PRACH occasion determination is depended on whether the IAB specific common RACH configurations are provided.

Proposal 2: For the IAB’s PDCCH order triggered CFRA, RAN2 decides whether PRACH occasion determination is based on the IAB specific common RACH configurations, if provided.
For CFRA of BFR and MSG 1 based SI request, current RRC signaling is already supported for all the informations of RACH resources. Since IAB nodes have the RRC connection to IAB node just as the normal UEs. Thus legacy RRC signaling can be reused and it is not necessary to provided IAB specific contention free resources. 

Proposal 3: For CFRA of BFR and MSG 1 based SI request, legacy RRC signaling to configure CFRA resource for UE can be reused for IAB.
As for the CBRA, IAB node may prioritize to use IAB specific RACH resources than Rel 15 CBRA RACH resources as baseline just as the principle for initial access. However, for some special latency-sensitive cases, e.g. BFR based RACH and PDCCH order RACH, CBRA IAB specific configurations with a longer transmission period may not satisfy the latency requirement. And Rel 15 CBRA RACH configurations with a shorter transmission period may be more suitable. Therefore, RAN2 needs to decide the priority between CBRA IAB specific RACH resources and Rel 15 CBRA RACH resources for the latency-sensitive cases.

Proposal 4: For CBRA, RAN2 decides the priority between CBRA IAB specific RACH resources and Rel 15 CBRA RACH resources for BFR and PDCCH order.

For a connected IAB node, the network can explicitly indicate to use Rel 15 CBRA RACH configurations prior to CBRA IAB specific configurations, if needed. Another way is to pre-define whether CBRA IAB specific RACH resources or Rel 15 CBRA RACH resources is prioritized, and this way can also work for the idle mode.
2.2 Prioritized RACH

Then prioritized RACH was discussed in Rel-15 NR WI. Two applicable scenarios are identified at RAN2#AH-1801 meeting:

	Agreements:

The following cases will apply prioritized RACH procedures (if configured)

1.
Handovers using contention-based access

2.
BFR recovery

The set of parameters for prioritization include

-
powerRampingStep and Backoff Parameter

Idle mode will not be discussed in Rel-15


The network could set specific RACH parameters (e.g. powerRampingStep and Backoff) for the handover case and BFR case. For example, the UEs performing handover and BFR can use larger power ramping step and/or shorter back off value to achieve the short latency of RACH procedure, compared with the normal RACH procedures.

Before discussing the need of introducing prioritized RACH for IAB, the trigger event for RACH supported in Rel15 are analysed for IAB scenario.

	The random access procedure is triggered by a number of events:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;

-
SR failure;

-
Request by RRC upon synchronous reconfiguration;

-
Transition from RRC_INACTIVE;

-
To establish time alignment at SCell addition;

-
Request for Other SI (see subclause 7.3);

-
Beam failure recovery.


For the IAB node, since only stationary IAB node is considering in Rel16, handover triggered RACH can be considered as low priority. Furthermore, there seems no strong motivation to support the RRC_INACTIVE state of the IAB node, since most of the IAB node in connected would always have data to transmission for its descendent IAB nodes and UEs.

Observation 4: Handover and transition from RRC_INACTIVE may not be considered as the RACH trigger events for IAB node.

As to the other RACH procedures, the same principle could be used when we discussed the prioritized RACH in Rel15. It is very straightforward to support the prioritized RACH for beam failure recovery of IAB, among the other RACH procedures.

Proposal 5: The beam failure recovery of IAB node could apply the prioritized RACH procedure.

Another special case in IAB is the RRC connection Re-establishment procedure. When the radio link failure of backhaul link occurs at one IAB node, all the data transmission from its descendent UEs and child IAB nodes would be interrupted. The interruption would affect all the descendent IAB nodes and UEs, which is different from the RRC re-establishment procedure of single UE. Therefore, the latency of RRC re-establishment of IAB node should be reduced as much as possible. 

Additionally, according to the current RAN1 agreement, the RACH resources of IAB nodes may not be always separated with the RACH resources of normal UEs. Therefore, in some cases, IAB node RRC re-establishment may use the shared RACH resources with normal UEs.

In that sense, the existing prioritized RACH procedure could be applied, so that the RRC re-establishment of IAB node can have high priority than that of normal UE during the RACH procedure.

Proposal 6: The RRC Connection Re-establishment procedure of IAB node could apply the prioritized RACH procedure.

3 Conclusion and Proposals
In this contribution, we will further discuss RACH related issue for IAB. And we have the following observations and proposals:
Observation 1: The size of RMSI with IAB RACH configurations can satisfy the maximum TB size limitation in general configuration scenarios, but it will exceed this value in some configuration scenarios.
Observation 2: Short broadcasting period of RMSI with IAB RACH configurations may be unnecessary.
Observation 3: It is beneficial to configure the IAB specific parameters by the manner of on-demand SI.
Observation 4: Handover and transition from RRC_INACTIVE may not be considered as the RACH trigger events for IAB node.
Proposal 1: RAN2 discusses the need to introduce a separate SIB for IAB specific configurations including RACH configurations.
Proposal 2: For the IAB’s PDCCH order triggered CFRA, RAN2 decides whether PRACH occasion determination is based on the IAB specific common RACH configurations, if provided.

Proposal 3: For CFRA of BFR and MSG 1 based SI request, legacy RRC signaling to configure CFRA resource for UE can be reused for IAB.

Proposal 4: For CBRA, RAN2 decides the priority between CBRA IAB specific RACH resources and Rel 15 CBRA RACH resources for BFR and PDCCH order.

Proposal 5: The beam failure recovery of IAB node could apply the prioritized RACH procedure.

Proposal 6: The RRC Connection Re-establishment procedure of IAB node could apply the prioritized RACH procedure.
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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
	



3/6


