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1	Introduction
In RAN1 #93, it was agreed to further study on the multiplexing of RACH transmissions from UEs and IAB nodes. The agreement in RAN1 #93 was [1], 

Agreements:
· Study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.

In RAN1 #94, the following was agreed [2]. 
Agreements:
· IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities, and/or formats, compared to access RACH resources without impacting Rel.15 UEs
· Further study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions.
· Further study the need for new RACH formats/configurations specific for IAB node random access.

Further agreements on RACH was made in RAN #94bis meeting [3], 

Agreements:
· For IAB node random access support
· Longer RACH periodicity
· Additional preamble formats allowing for longer RTT
· Details left for WI phase

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 this document, we discuss methods for efficient PRACH multiplexing schemes for IAB and access UEs without increasing the RACH resources. 
2	Discussion
Figure 1 depicts the situation that is behind the agreements made in RAN1 #93 and #94:  an IAB node may need to try initial access to an IAB-donor from a distance that may considerably exceed the Donor’s cell radius that in the absence of IAB deployment would be used for determining the preamble format and cyclic shift step. Thus, if the preamble format or cyclic shift step for UEs would be selected for supporting also RTT of IAB nodes, guard time and CP could become unnecessarily large for UEs or (if the same format could be used both for UEs and IAB nodes) the supportable number of cyclic shifts for each ZC root sequence would decrease significantly if  access and IAB nodes used same resources for RACH. To avoid these drawbacks, it was agreed that network should be able to configure separate RACH resources for UEs and IAB nodes. In this document, we propose a few methods that would allow sharing the same RACH between IAB nodes and UEs despite the different RTTs. The benefit would be allowing frequent RACH opportunities (minimised RACH latency) for IAB nodes with minimal resource use. In Section 2.1 we introduce a method where IAB nodes apply initial TA for preambles this way compensating partly their larger RTT. The other Sections discuss methods where multiple adjacent cyclic shifts are combined for providing a larger cyclic shift step for IAB nodes.    

 
Figure 1: RACH of IAB nodes may need to support larger distances compared to UEs

2.1	Configure an IAB specific initial TA
It may be possible to configure an IAB specific initial TA for RACH preamble transmission. The initial TA would compensate the extended range for the BH link, and this way the RACH formats and Ncs values used by the access UEs would not be affected by the IAB deployment. In general, as our main focus is fixed IAB nodes, the locations of IAB node should be known to the CU and RTT between nodes can be also roughly estimated. 
Then the question is how to configure the value for the initial TA to match with the extended range. Should it be manually configured when deploying the IAB nodes, should there be support on broadcast information (SI) to indicate the value, or some other means. If initial TA is set by broadcasted information, it should correspond to the minimum RTT between IAB nodes or between IAB nodes and DgNB. 
2.2	RAR for both IAB and access UE
In this and later Sections we assume that the preamble format (CP and guard period) are suitable both for IAB nodes’ and UEs’ RTT. Furthermore, we assume that multiple cyclic shifts of a root sequence is available for UEs. Then for each ZC root sequence, two cyclic shift step, Ncs, values are defined. The smaller one is for UEs and the larger one for IAB nodes, as shown in Figure 2. 
[image: ]
Figure 2: IAB node signature may span over multiple signatures of access UEs.
When a correlation peak corresponding to e.g. the third UE signature is received, as shown in Figure 2, also the possibility that the signal came from an IAB node transmitting the first IAB signature is considered.  A straightforward way would be that the base station would send two random access response (RAR) messages, one assuming that the signal was sent by a UE and another assuming IAB node and see which one it gets a response for. In general, CU controls the IAB topology and uncoordinated RACH transmissions may not happen in a IAB network. Therefore, parent nodes should have some knowledge when possible RACH transmissions are coming from IAB nodes and transmit RAR assuming two different kind of nodes, IAB and access UE, use the same RACH resources. Also, a method of avoiding unnecessary RARs is also discussed later in this contribution.
To distinguish the two RARs intended for UEs and IAB nodes, the following methods can be applied. 
· Differentiate RAR based on RA-RNTI.
A different RA-RNTI for UEs and IAB nodes can be used to differentiate RARs. A UE or IAB node detects the DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI and a corresponding PDSCH that includes a DL-SCH transport block within the window, the UE passes the transport block to higher layers. 
· Differentiate based on DCI 
Signaling in the DCI can be used to indicate the IAB and access UE specific RAR. 
For example, reserved bits in DCI format 1_0 (with CRC scrambled by RA-RNTI) may contain IAB specific details to decode the RAR when it is only intended to IABs. 

As an example, is provided in Figure 3, by considering an access network, with zero Correlation Zone Config 5, i.e. Ncs = 10 for the access UEs. There are 13 UE signatures per Root sequence. For 64 signatures, the number of used ZC sequence is 5 as shown in Figure 3. Assume that the RTT of the IAB nodes is 4 times that of the access UEs. i.e. IAB signature spans 4 UE signatures, hence, each ZC root sequence contains 3 IAB signatures. As shown in 3, there are 15 IAB signatures across the 5 ZC sequences. It should be noted that the random access rate for IAB nodes is less than that of access UEs, hence a fewer number of signatures is used for IAB nodes.



Figure 3: With Ncs = 10 of UE signatures and RTT of IAB nodes is 4 times that of UEs.


2.3	Reserving signatures for IAB PRACH
 For separating the resources for UEs and IAB nodes, some of the signatures, signaled as not available for UE selection (i.e. normally reserved for contention less use) can be actually reserved for IAB nodes (either as IAB contention based or dedicated resources). This is depicted in Figure 4 where the first two signatures of the root sequence n+2 are reserved for an IAB signature supporting longer RTT.   

[image: ]
Figure 4: Reserved resources for IAB nodes

2.4	Avoiding unnecessary RARs
At the Donor/Parent node, it is also possible to distinguish PRACH of IAB nodes from access UEs by having a higher power target for IAB over access UE preamble. For example, IAB preamble can have a 3 dB higher target receive power level. In this case, the UE determines the transmit power based on the path loss and the target receive preamble power. Then, the Donor/Parent node can determine based on the received power if the preamble is coming from IAB node or UE. Depending on the error in estimating the path loss, it is possible that the received power of the preamble is already a few dB off from the target. However, the offset between target power levels can be adjusted at the IAB node to improve the accuracy of distinguishing two type of PRACH. 

[bookmark: _Toc415085486][bookmark: _Toc503902229]3 	Conclusion
Altogether, we see the potential of above schemes to use independently or together in IAB networks and propose:
[bookmark: _GoBack]Proposal 1: Multiplexing RACH transmissions of access UEs and MT IAB nodes on the same RACH resources can be supported by independently or jointly by the following methods. 
1. Compensate the initial TA for the extended range supported by IAB nodes such that cyclic shift values are the same used by the access UEs.
2. For each ZC root sequence, two cyclic shift values (Ncs) can be defined for UEs and IAB nodes. Donor/Parent node differentiate the RAR based on the RA-RNTI or DCI signaling used for UEs and IAB nodes. 
3. Some of the signatures are reserved for IAB PRACH and not used by the access UEs. 
4. Distinguish PRACH of IAB nodes from access UEs by having a higher power target for IAB over access UE preamble.
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