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Introduction
This contribution provides a proposal to address the required RACH extensions for IAB as per the agreed IAB WID scope [1].
Summary of RACH for IAB
As per the agreements in the SI and as reflected in the WID some extensions to the RACH for IAB are necessary. They are specifically needed to meet the following objectives:
a) Support larger RTT for IAB nodes accessing from farther distance without increasing interference among access RACH preambles in the network [2].
b) Enable an IAB node to transmit RACH and receiving RACH under a half-duplex constraint.

To meet the above objectives, it was agreed to support the following:
1. Introduce new RACH periodicities to be used exclusively by IAB nodes.
2. Enable orthogonality in time for RACH configurations to be assigned on adjacent links of an IAB node.

The envisioned configuration is illustrated in the example of Figure 1, which shows how RACH configurations are envisioned to be used in two adjacent links, upstream and downstream of IAB node N.


Figure 1 – RACH configurations for IAB network

RACH extensions for IAB nodes
Following the principle of leveraging as much as possible Rel 15, it is proposed that the envisioned IAB node specific RACH configurations are obtained from relatively simple changes to the Rel 15 defined RACH configurations. Specifically, it is proposed to introduce additional IAB node specific RACH configurations based on:
a) Increased RACH periodicity.
b) Additional RACH occasions to enable time orthogonality of occasions in adjacent links as well as time orthogonality with Rel 15 RACH occasions.
Increasing RACH periodicity for IAB node specific RACH configurations is deemed suitable to reduce overhead of additional RACH receiver processing without compromising performance for IAB nodes considering that the usage of the RACH channel by an IAB node is not envisioned to be very frequent due to the assumed static nature of IAB nodes in Rel 16. It is noted that an IAB node needs to do RACH receiver processing for Rel 15 RACH configuration as well as for at least one new configuration specific to IAB nodes.
It is observed that new PRACH configuration indices do not necessarily need to be introduced to support longer RACH periodicity and orthogonalize RACH occasions in adjacent links. Designing a completely new PRACH configuration index involves designing many different parameters, e.g., starting symbol of PRACH occasion in a slot, slot locations within a subframe, number of time domain PRACH occasions within a PRACH slot, etc, from the scratch. These would consume a lot of offline and online discussion time and are not essential to increase RACH periodicity and to orthogonalize RACH occasions among adjacent hops.
Instead, a scaling factor can be introduced to create new IAB node specific configurations from existing RACH configurations to increase PRACH periodicity. The parameter x controls periodicity of Rel 15 access RACH resources, and the scaling factor can impact this parameter x 
On the other hand, RACH occasions in adjacent hops can be orthogonalized by impacting the parameter y and slot locations, i.e., by allowing network the flexibility to configure a different subframe and slot level offset for RACH occasions in different links. 
Observation 1: Designing a completely new PRACH configuration index involves designing many different parameters, e.g., starting symbol of PRACH occasion in a slot, slot locations within a subframe, number of time domain PRACH occasions within a PRACH slot, etc, from the scratch.
Proposal 1: In IAB networks, RACH periodicity can be extended and RACH occasions across adjacent hops can be orthogonalized by impacting the parameter x and y of Rel-15 RACH configurations.
Increased RACH periodicity
Table 1 shows PRACH configuration index 0 with 160 ms periodicity. This parameter x can be scaled up to extend the RACH periodicity for RACH configurations to be used exclusively by IAB nodes.
Table 1: Details of Rel-15 FR2 PRACH Configuration Index 0
	PRACH
Config. 
Index
	Preamble format
	n_SFN mod x = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	# of time-domain PRACH occasions within a PRACH slot
	PRACH duration

	
	
	x
	y
	
	
	
	
	

	0
	A1
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2



Proposal 2: Introduce a scaling factor to increase the periodicity of backhaul RACH resources.
Assuming the scaling factor to be S, PRACH occasions occur after every S * x ms where x is the periodicity, expressed in terms of radio frame, of an existing Rel 15 PRACH configuration index.
Range of values of the scaling factor
In NR specs, UE and MT use both contention based and contention free PRACH channels to convey beam failure recovery request. To ensure speedy recovery of beam failure scenario, PRACH configuration period should not be scaled too high. After MT latches into a beam, PRACH configuration period should be such that, within the PRACH configuration period, the beam quality degrades with low probability. This will allow MT frequent opportunities to convey beam failure recovery signal to the network if current beam fails.
Hence, we propose to define the maximum scaling factor of PRACH configuration period such that, once an MT finds an SSB with good RSRP, the RSRP does not degrade too much during the scaled PRACH configuration period. The authors of [4] show that, with 3 km/hr speed, CDL-A channel model and 200 MHz bandwidth, during 90 percent scenarios, after a UE finds its strong cluster, its experienced RSRP corresponding to the cluster does not drop below 5 dB within 66.4 ms duration. This value (66.4 ms), also known as ‘cluster stay time’, is inversely proportional to the UE (or MT) speed, i.e., the value will increase to 199.2 ms for 1 km/hr speed.
Rel-16 IAB specification is intended for fixed IAB nodes. In these scenarios, the transmitter and receiver IAB nodes do not move but the objects between these nodes may move. It is not exactly clear what speed of MT nodes one should assume to find the ‘cluster stay time’ for IAB networks. But we assume 0.1 km/hr for our calculation. This assumption, along with the ones mentioned in the previous paragraph, lead to a ‘cluster stay time’ of 1.99 second. Since, PRACH configuration period should be equal to 2N * subframe duration to simplify mapping between SSB to PRACH occasions, we propose that the PRACH configuration period in IAB networks should not be scaled beyond 1.28 second.
It should be noted that Rel 15 already supports PRACH configuration periodicities ranging from 10 ms to 160 ms. If a network operator wants to configure periodicities within this range, it can always do so. The scaling factor is meant to extend the periodicity beyond 160 ms. Hence, to minimize the overhead of conveying scaling factors, the values of scaling factors might be dependent on the periodicity of RACH configuration. For small PRACH configuration periods like 10 ms, scaling factors could take values in the range of: 32, 64, and 128. On the other hand, for large PRACH configuration periods like 160 ms, scaling factors could take values in the range of: 1, 2, 4 and 8.
Proposal 3: The PRACH configuration period in IAB networks should not be scaled beyond 1.28 second. The range of the scaling factor values may depend on the periodicity of the PRACH configuration chosen as a starting point for the scaling operation.
SSB-RACH Association Period and Association Pattern Period
[bookmark: _GoBack]Rel 15 has also defined an SSB-RACH association period and an SSB-RACH association pattern period to govern the mapping from different synchronization signal blocks to RACH resources.  An SSB-RACH association period, expressed in terms of 2N * PRACH configuration period where N is a non-negative integer, is the minimum period that contains enough RACH occasions to map all transmitted SSBs at least once. 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 ms [38.213].
Since SSB-RACH association periods and association pattern periods depend on the PRACH configuration period, both association periods and association pattern periods need to be scaled accordingly if PRACH configuration period gets scaled by the scaling factor S.
Proposal 4: The introduction of scaling factor for PRACH configuration period also scales the SSB-RACH association period and association pattern period accordingly.
Assuming the scaling factor to be S, table 8.1-1 of 38.213 gets modified to the following:
Table 2: Mapping between scaled PRACH Configuration Period (x * S) and SSB to PRACH Occasion Association Period
	Scaled PRACH configuration period (ms)
	Association period

	10
	{1, 2, 4, 8, 16, 32, 64, 128}

	20
	{1, 2, 4, 8, 16, 32, 64}

	40
	{1, 2, 4, 8, 16, 32}

	80
	{1, 2, 4, 8, 16}

	160
	{1, 2, 4, 8}

	320
	{1, 2, 4}

	640
	{1, 2}

	1280
	{1}



The definition of the SSB-RACH association pattern period should be updated as follows: 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 1280 msec.
Time Division Multiplexing of RACH occasions across Adjacent Links
It had been agreed that the network can configure offset(s) for PRACH occasions for IAB nodes, to TDM backhaul RACH resources across adjacent hops. This would also allow orthogonalization of IAB node specific RACH resources with Rel 15 RACH resources; which is useful to support higher round trip time incurred in backhaul links. The detailed granularity of the offset (e.g. radio frame, subframe, slot, etc.) was left for WI phase.
A fine granularity (e.g. slot level) gives network greater control to orthogonalize the backhaul RACH resources across adjacent hops.  Specification can define both subframe and slot level offset so that IAB nodes can use Rel-15 PRACH configurations and easily find new RACH occasions.
In Rel-15, PRACH occasions are located in subframe SFN and slot SLN if:
· mod(SFN, x) = y and SLN = SLN_index
· where x and y are explicitly configured in PRACH configuration tables and SLN_index are the slot locations of the corresponding PRACH config entry.
To introduce slot and subframe level offsets in IAB networks, PRACH occasions can 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
· Where subframe level offset (y_offset) and slot level offset (SLN_offset) are explicitly configured for IAB links. Value of y_offset ranges between 0 to 127. Value of SLN_offset ranges between 0 to 39 for FR2 and 0 to 9 for FR1.
where x and y are explicitly configured in PRACH configuration tables and SLN_index are the slot locations of the corresponding PRACH config entry. 

The parameter 40 and 10 are used in FR2 and FR1 because the slot locations of PRACH configurations of FR2 and FR1 are based on 60 kHz and 15 kHz tone spacings respectively. There are 40 and 10 slots within a subframe for 60 kHz and 15 kHz tone spacings respectively. Value of y_offset can range up to 127 because scaled PRACH configuration periodicity can be as high as 128 subframes.


Note that, a slot level offset can be achieved by just using the SLN_offset parameter and by extending its range beyond 10 ms. Our above proposal achieves the same thing by using SLN_offset to only shift the slot location of RACH resources and SFN_offset to shift the subframe location of RACH resources.
Proposal 5: Introduce slot and subframe level offset(s) for PRACH occasions for IAB nodes, to TDM backhaul RACH resources across adjacent hops. In IAB networks, 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
· Where subframe level offset (y_offset) and slot level offset (SLN_offset) are explicitly configured for IAB links. Value of y_offset ranges between 0 to 127. Value of SLN_offset ranges between 0 to 39 for FR2 and 0 to 9 for FR1.
· where x and y are explicitly configured in PRACH configuration tables and SLN_index are the slot locations of the corresponding PRACH config entry.
Conflict resolution
Proposal 3 allows network to orthogonalize RACH resources across adjacent hops. However, in case such orthogonalization is not achieved based on the chosen configuration, there is a need to define a conflict resolution between RACH resources in the upstream link (RACH transmission towards parent IAB nodes) and RACH resources in the downstream link (RACH reception from child IAB nodes and child UEs). This could happen, for instance, when an IAB node needs to RACH into a node different from its parent node, as illustrated in Figure 1. Priority could be given to upstream or downstream RACH resources.

Proposal 6: Conflict resolution rules need to be defined when RACH resources in the upstream link (RACH transmission towards parent IAB nodes) and in the downstream link (RACH reception from child IAB nodes and child UEs) overlap in time domain.

Signaling mechanisms
Eventually RAN2 will need to decide how the network can convey the backhaul RACH periodicity scaling factor and offset for RACH occasions to IAB nodes.
It is noted that the flexibility to configure different RACH resources between access and backhaul links should be applicable for contention based random access (CBRA) and contention free random access (CFRA) of backhaul links so that network can handle higher RTT in backhaul RACH resources, without impacting Rel-15 UEs. Hence it is envisioned that the network should have the flexibility to convey additional RACH periodicity and offset through both system information (intended for CBRA) and RRC dedicated signaling (intended for CFRA).
Proposal 7: Provide flexibility to convey additional RACH periodicity and offset through both system information (intended for CBRA) and RRC dedicated signaling (intended for CFRA).

Conclusion
This contribution provided a comprehensive proposal for the envisioned RACH extensions needed to support IAB based on the agreements made in the SI and the corresponding scope of the IAB WID.
The following proposals have been made:
Observation 1: Designing a completely new PRACH configuration index involves designing many different parameters, e.g., starting symbol of PRACH occasion in a slot, slot locations within a subframe, number of time domain PRACH occasions within a PRACH slot, etc, from the scratch.
Proposal 1: In IAB networks, RACH periodicity can be extended and RACH occasions across adjacent hops can be orthogonalized by impacting the parameter x and y of Rel-15 RACH configurations.
Proposal 2: Introduce a scaling factor to increase the periodicity of backhaul RACH resources.
Assuming the scaling factor to be S, PRACH occasions occur after every S * x ms where x is the periodicity, expressed in terms of radio frame, of an existing Rel 15 PRACH configuration index.
Proposal 3: The PRACH configuration period in IAB networks should not be scaled beyond 1.28 second. The range of the scaling factor values may depend on the periodicity of the PRACH configuration chosen as a starting point for the scaling operation.
Proposal 4: The introduction of scaling factor for PRACH configuration period also scales the SSB-RACH association period and association pattern period accordingly. Assuming the scaling factor to be S, table 8.1-1 of 38.213 gets modified to the following:
Table 2: Mapping between scaled PRACH Configuration Period (x * S) and SSB to PRACH Occasion Association Period
	Scaled PRACH configuration period (ms)
	Association period

	10
	{1, 2, 4, 8, 16, 32, 64, 128}

	20
	{1, 2, 4, 8, 16, 32, 64}

	40
	{1, 2, 4, 8, 16, 32}

	80
	{1, 2, 4, 8, 16}

	160
	{1, 2, 4, 8}

	320
	{1, 2, 4}

	640
	{1, 2}

	1280
	{1}



The definition of the SSB-RACH association pattern period should be updated as follows: 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 1280 msec.

Proposal 5: Introduce slot and subframe level offset(s) for PRACH occasions for IAB nodes, to TDM backhaul RACH resources across adjacent hops. In IAB networks, PRACH occasions will be located 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
· Where subframe level offset (y_offset) and slot level offset (SLN_offset) are explicitly configured for IAB links. Value of y_offset ranges between 0 to 127. Value of SLN_offset ranges between 0 to 39 for FR2 and 0 to 9 for FR1.
· where x and y are explicitly configured in PRACH configuration tables and SLN_index are the slot locations of the corresponding PRACH config entry.
Proposal 6: Conflict resolution rules need to be defined when RACH resources in the upstream link (RACH transmission towards parent IAB nodes) and in the downstream link (RACH reception from child IAB nodes and child UEs) overlap in time domain.
Proposal 7: Provide flexibility to convey additional RACH periodicity and offset through both system information (intended for CBRA) and RRC dedicated signaling (intended for CFRA).
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