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1	Introduction
In RAN#82 a new work item on “2-step RACH for NR” was agreed [1]. 2-step RACH was previously considered during the release 14 NR SI phase. 2-step RACH has also been considered during the study item phase of NR-based access to unlicensed spectrum [2].
Regarding RA triggers, based on the discussion and agreements reached during the study item on NR-based access to unlicensed spectrum, the following has been included in the objectives of the 2-step RACH work item: 
	· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH


For convenience, these RA triggers as mentioned in 38.300, section 9.2.6 that may be applicable for the procedure are repeated here [3]:
[bookmark: _Hlk528574305]-	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;
-	Beam failure recovery.
In this contribution we discuss the potential impacts when applying the 2-step CBRA procedure .We focus on the RA triggers when the UE may not be known in the cell it is trying to access (e.g. initial access from RRC_IDLE, transition from RRC_INACTIVE, etc.), and propose to introduce some mechanism for the network to control the load on 2-step CBRA resources. 
2	Discussion
When discussing the triggers for RA, it is necessary to have a look at the associated overhead that is expected when using the 2-step CBRA procedure. 
Analyzing the 4-step RA procedure from a resource utilization point of view, one can see the transmission of Msg1 as an opportunity for the UE to “raise a flag” on a shared resource, indicating that it needs further communication with the network. Since the Msg1 is based on a preamble which may be multiplexed with other preambles while still maintaining orthogonality provided that received power levels are comparable, there is a high potential for multiplexing UEs on the same physical resources. At present up to 64 preambles are available for multiplexing and the NW can provide different UL grant in RAR for each preamble. 
For 2-ste RACH, the “data” part of MsgA transmission is transmitted together with preamble without waiting for RAR. It may be difficult to reliably handle the receptions of the “data” part of MsgA from multiple sources on the same physical resources. This may cause the amount of physical layer resources for the transmission of MsgA content to scale according to the number of available preambles. An alternative in this respect (which is kind of the underlying assumption in RAN1) is to accept a many-to-one mapping between preamble index and the associated PUSCH resources, leading to a reduction of the needed physical layer resources, but also to an increase of the collision probability for MsgA decoding. No matter how the compromise is made, the 2-step CBRA procedure will cause an increase in overhead when considering the physical layer resources. The overhead can be controlled, but this will on the other hand cause a decrease of the performance in terms of latency and/or probability of RA success.
When studying 2-step CBRA procedure in the context of the study on NR-based access to unlicensed spectrum, we provided some numerical evaluations of the performance of 2-step CBRA procedure in [4]. Despite some simplifications on the modelling and the fact that those evaluation were performed assuming LBT in the context of unlicensed spectrum operation, we believe that the observations we made then related to the overhead from the 2-step CBRA procedure are still valid and applicable to licensed spectrum operation. An analysis of the latency and resource reservation and usage of 2-step RACH with different amount of reserved PUSCH occasions is also provided in [5]. 
Observation 1: The overhead of transmitting MsgA with 2-step CBRA is substantially larger than what is needed for Msg1+Msg3 with 4-step CBRA. The benefit of reduced latency with 2-step RACH is accompanied by an increase in PUSCH resource reservation and usage.
Observation 2: The 2-step CBRA procedure may require unacceptable overhead to maintain the RA failure rate at acceptable levels (e.g. below 1%) while still supporting relatively high RACH loads.
Fallback to the 4-step CBRA procedure (also generally referred to as fallback procedure) is proposed in the work item description as one possible solution to overcome the problem of MsgA collisions. Basically, in case of an unresolvable collision on the “data” part of MsgA, the UE can fallback to 4-step RACH [6]. However, besides providing advantages as compared to repeating the 2-step CBRA procedure in case of MsgA collisions, the fallback procedure also presents disadvantages as compared to the baseline 4-step CBRA procedure. For example, increased UE power consumption, increased interference, increased resource overhead, and potentially also increased latency - as the UE needs to transmit the content of MsgA at least once. Therefore, also with the fallback procedure, the UL resources for the transmission of the “data” part of MsgA should be dimensioned so that the probability of falling back to the 4-step CBRA procedure is relatively low.
Observation 3: Fallback to 4-step CBRA procedure is by itself not enough to solve the inefficiencies of the 2-step CBRA procedure when the PRACH load is relatively high.
When considering the impact of the overhead on the 2-step CBRA procedure, it is important that the network is allowed the option of having full control of the resource reservation needed in the cell for 2-step random access, and not all the UEs are competing for those resources, to ensure low collision rate. 
Observation 4: The collision rate for 2-step CBRA procedure needs to be under network control.
In general, the random access triggers that are considered for the 2-step CBRA procedure can be divided into two general categories: Triggers where the presence of the UE may not be known by the network (initial access type of triggers, RRC connection reestablishment procedure) where C-RNTI cannot be used as the UE identity, and triggers where the presence of the UE is to some extent known by the network for Connected mode UEs (e.g. handover, non-synchronized actions, beam failure recovery, etc.). For cases where the presence of the UE is not known by the network, a priori the gNB will have no idea of the amount of UEs that may potentially access the corresponding cell, and hence would not have any control of the collision rate on the allocated physical resources. For RA in connected mode, it should be possible to configure via dedicated signaling (RRC) whether 2-step RA is used for the UE. For initial access, in addition to dedicated (RRC) as well cell-specific (SIB) signaling, some classification of the UEs based on their access category and/or capabilities, might be useful to determine if a UE can use 2-step RA when the resources are configured for the cell.  Also, depending on the deployment scenario, the network may benefit from limiting the number of initial access attempts using the 2-step CBRA procedure.
Proposal: Some mechanism is needed to allow the network to control the load on 2-step CBRA resources, especially for initial access type of RA triggers. 
3	Conclusions
To summarize, our observations and proposals are as follows:
Observation 1: The overhead of transmitting MsgA with 2-step CBRA is substantially larger than what is needed for Msg1+Msg3 with 4-step CBRA. The benefit of reduced latency with 2-step RACH is accompanied by an increase in PUSCH resource reservation and usage.
Observation 2: The 2-step CBRA procedure may require unacceptable overhead to maintain the RA failure rate at acceptable levels (e.g. below 1%) while still supporting relatively high RACH loads.
Observation 3: Fallback to 4-step CBRA procedure is by itself not enough to solve the inefficiencies of the 2-step CBRA procedure when the PRACH load is relatively high.
Observation 4: The collision rate for 2-step CBRA procedure needs to be under network control.
Proposal: Some mechanism is needed to allow the network to control the load on 2-step CBRA resources, especially for initial access type of RA triggers. 
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