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1	Introduction
At the RAN2 meeting #103, the following agreement was made following the discussion on studying 2-step RACH procedure [1]:
RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 
For convenience, these random access triggers as mentioned in 38.300, section 9.2.6 that may be applicable for the procedure are repeated here [2]:
[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";
-	Transition from RRC_INACTIVE;
-	To establish time alignment at SCell addition;
-	Request for Other SI;
-	Beam failure recovery.
2-step RACH was further discussed in RAN2 meeting #103bis, where the following agreements were made:
	Agreements:
1. From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.
2. As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
3. The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.
4. CFRA for 2-step RACH is supported.
5. Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.
6. Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.
7. Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.
8. [bookmark: _Hlk528580881]Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.



In this contribution we will discuss the potential impacts that will be seen when applying the 2-step CBRA procedure. In particular, we will focus on the random access triggers where 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.).
2	Overhead and latency aspects
When discussing the triggers for random access, it is necessary to have a short look at the associated overhead that is expected when using the 2-step CBRA procedure. We acknowledge that the actual physical resources used will be subject to RAN1 evaluations, but the information content would be related to RAN2 investigations.
The process of transmitting jointly the information content normally carried with Msg1 and Msg3 in the 4-step CBRA procedure will require substantially more physical resources compared to the isolated transmission of Msg1. Even having the physical layer being prepared to carry the joint Msg1 + Msg3 (also called MsgA), transmission will require more resource reservation such that the system overhead of the 2-step CBRA procedure will increase as well.
Observing the random access 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 gNB. Since the Msg1 is based on a preamble which may be multiplexed with other preambles while still maintaining decent orthogonality provided that received power levels are at the same level, there is a high potential for multiplexing UEs on the same physical resources. At present up to 64 preambles are available for multiplexing. Looking at the Msg3 transmission, this will contain a significantly larger payload, even that the exact content has not been determined yet, since this will provide a more accurate identification of the UE as well as the reason for initiating the RACH procedure. Hence, the required resources for the contention-based transmission of Msg3 content in MsgA of the 2-step CBRA procedure are expected to be larger than those needed for Msg1 transmission in the 4-step CBRA procedure. Further, as the payload of the Msg3 is larger, it may be difficult if not impossible to reliably handle the receptions of Msg3 content in MsgA from multiple sources on the same physical resources. This may cause the amount of physical layer resources for the transmission of Msg3 content to scale according to the number of available preambles. An alternative in this respect is to accept a many-to-one mapping between preamble index and the associated Msg3 resources, leading to a reduction of the needed physical layer resources, but also to an increase of the collision probability for Msg3 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 random access success. 
3	Numerical evaluations 
To evaluate the impact of 2-step random access on the latency and overhead, we compare the performance of the 2-step CBRA procedure with that of the 4-step CBRA random access procedure using a simplified protocol layer simulation tool. Physical layer aspects are not modeled. In case of a collision on the physical layer resources for the data part of MsgA in case of 2-step procedure, it is always assumed that the corresponding messages cannot be decoded at the receiver. While in case of no collisions and no LBT failure, the transmission is always considered successful. Further, it is assumed that UL transmit power control for random access is perfect such that no power ramping is needed.
With both 4-step and 2-step procedures, the UE selects one out of 64 preambles for the transmission of Msg1. In the 4-step procedure, the transmission of Msg3 is scheduled. In the 2-step procedure, there is a many-to-one mapping from preamble index to UL resources used for the transmission of Msg3 content in MsgA. The Msg3 content is assumed to be transmitted using 2 PRBs. With the 2-step procedure, a collision occurs if two (or more) UEs select the same UL resources for transmission of the Msg3 content in MsgA, while with the 4-step procedure, a collision can only occur if two (or more) UEs select the same preamble index for the transmission of Msg1. 
The principles behind the used simulation approach are illustrated in Figure 1. One-shot 25 s LBT is performed before the transmission of Msg1/MsgA. If LBT fails, the UE tries again at the next PRACH occasion. After a successful transmission of Msg1/MsgA, the gNB shall transmit Msg2/MsgB within the RAR window. In the simulator we assume a certain processing time at the gNB, so that Msg2/MsgB can only be transmitted during the last N slots of the RAR window (N = RAR window – Msg1/MsgA processing time.), and after a successful Category 4 LBT with parameter listed in Table 1. In case Msg2/MsgB cannot be transmitted within the RAR window due to a collision, LBT taking longer time than the RAR window, or in case there is a lack of PUSCH resources for the transmission of Msg3 with the 4-step procedure, the UE initiates a new RA procedure by transmitting a new Msg1/MsgA in the first PRACH occasion following the end of the RAR window. 
In case of the 4-step procedure, if Msg2 is successfully transmitted, the first Msg3 transmission opportunity follows with a fixed delay relatively to the successful reception of Msg2. The delay corresponds to the Msg3 scheduling delay. One-shot 25 s LBT is performed also before the transmission of Msg3, based on the assumption that the transmission of Msg3 happens within the COT acquired by the gNB when transmitting Msg2. In case of an LBT failure, the model makes the approximation of a fixed retransmission delay before the UE can again attempt the transmission of Msg3. Each transmission attempt of Msg3 is preceded by a one-shot 25 s LBT. The reception of Msg4 at the UE follows the successful transmission of Msg3 by a fixed gNB processing delay, plus the time needed by the gNB to perform a successful Category 4 LBT procedure.
[bookmark: _Hlk528618054][bookmark: _Hlk528679687][image: ]
Figure 1: Illustration of the simulation model used for the overhead and latency evaluations of 2-step and 4-step CBRA procedures
As in the tool we simulate neither propagation effects nor interference, the LBT failure rate (for one-shot 25 s LBT) and the time to complete a successful Category 4 LBT procedure are calculated assuming a fixed and statistically independent clear channel access (CCA) probability in each CCA slot of 9 s. Table 1 reports the parameters setting used for the overhead and latency evaluations of 2-step and 4-step CBRA procedures. 
Table 1: Parameter setting
	Parameter
	Value

	PRACH periodicity
	10 ms

	Msg1/MsgA processing time
	3 ms

	RAR window
	10 ms

	Msg3 scheduling delay 
	2 ms

	Msg3 retransmission delay 
	6 ms

	Msg3 processing time
	2 ms

	Max contention window (CW max,p) (*)
	[15 - 31] CCA slots

	CCA busy probability
	[10% - 30%]

	m p (*)
	3 CCA slots


(*) For significance of these parameters, refer to the description of the downlink channel access procedure in clause 4.1.1 of TS 37.213
The RA failure rate, i.e. the probability that the RA procedure is not successful after a maximum number of attempts, is reported in Figure 2 for the 2-step and the 4-step CBRA procedures. For the 2-step CBRA procedure, the RA failure rate is reported for different number of UL resources reserved for the transmission of MsgA. These results clearly show the 2-step CBRA procedure cannot guarantee the RA failure rate is kept at acceptable values (e.g. below 1%) in case of medium to high values of the RACH load, unless the UL overhead for PRACH resources is significantly increased. 
Figure 3 and Figure 4 show the average delay to perform a successful RA procedure, and the corresponding UL system load for the transmission of Msg3 content, respectively. For the 2-step CBRA procedure, the amount of reserved UL resources are plotted in Figure 4.  In Figure 3, the average delay is only reported for feasible values of the PRACH load, i.e. for values of the load with RA failure rate < 1%. It can be noticed that the 2-step CBRA procedure improves the RA latency, but this is only possible in case of relatively low RACH load, and/or at the cost of increased UL overhead. At higher load, the 2-step CBRS procedure will enter failure mode due to RA failure rate of > 1% and no delay numbers are reported.
As an example, for a RACH load corresponding to 0.4 RACH attempts per RACH occasion, the RA latency with 2-step procedure can be reduced by a factor of approximately 1.4 (independently of the CCA busy probability) but at the cost of always reserving 8 PRBs per RACH occasion for the transmission of Msg3 content. This corresponds to an increase in UL overhead by a factor of approximately 8.
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.
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.
[image: ]
Figure 2: RA failure rate as a function of the PRACH load
[bookmark: _GoBack][image: ][image: ]
Figure 3: Mean RA delay as a function of the RACH load for different values of the CCA probability (maximum number of RA attempts = 4)
[image: ]
Figure 4: UL resource usage (4-step) and reservation (2-step) for the transmission of Msg3 content (maximum number of RA attempts = 4)
Fallback to the 4-step CBRA procedure (also generally referred to as fallback procedure) has been proposed as one possible solution to overcome the problem of MsgA collisions [3]. 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 4-step CBRA procedure. For example, increased UE power consumption, increased interference, increased resource overhead and potentially also increased latency - as the UE transmits the content of Msg3 at least twice. Therefore, also with the fallback procedure, the UL resources for the transmission of MsgA should be dimensioned so that the probability of falling back to the 4-step CBRA procedure is kept relatively low.
Observation 3: Fallback to 4-step CBRA procedure is not sufficient to solve the inefficiencies of 2-step CBRA procedure with relatively high PRACH load.
When considering the impact of the overhead on the 2-step CBRA procedure, it is important that the gNB 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 gNB control.
[bookmark: _Hlk525741288]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 be accessing 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, or dependency on the channel occupancy level, might be useful to determine if a UE can use 2-step RA when the resources are configured for the cell.  
Proposal: Some mechanism is needed to allow the network to control the load on 2-step CBRA resources for initial access type of random access 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.
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 not sufficient to solve the inefficiencies of 2-step CBRA procedure with relatively high PRACH load.
Observation 4: The collision rate for 2-step CBRA procedure needs to be under gNB control.
Proposal: Some mechanism is needed to allow the network to control the load on 2-step CBRA resources for initial access type of random access triggers. 
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