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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 [3].

In this document we present a simple model for analyzing the impact of PUSCH resource reservation on the collision probability and latency of 2-step RACH. We also compare the latency and resource reservation of 2-step RACH and four-step RACH.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Discussion 
2.1			2-step RACH overview
The 4-step RACH procedure is supported in release 15 NR. Figure 1 shows the basic procedure for 4-step contention-based random access [2]. In 2-step RACH, MsgA combines the preamble signal (Msg1) and the data signal (Msg3), and MsgB combines the random access response (Msg2) and the contention resolution (Msg4). The 2-step RACH procedure is shown in Figure 2.
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[bookmark: _Ref534727500]Figure 1: 4-Step Contention-Based Random Access Procedure [2].



[bookmark: _Ref534728109]Figure 2: 2-Step RACH procedure.
2.2			4-Step RACH Model
[bookmark: _Hlk3991927]Assume a Poisson distribution for UE arrival per PRACH Occasion with an arrival rate of λ UE per second. Each PRACH Occasion has 64 preambles. Therefore, the UE arrival rate per PRACH Occasion per preamble is .
The probability that a UE transmitting on a preamble of a PRACH Occasion doesn’t collide with any other UE on that preamble is

The possible outcome of the 4-step RACH procedure:
· If the UE’s preamble doesn’t collide, the RAR is transmitted three slots after preamble. Msg3 is sent 4 slots after the RAR. Therefore, the time from the start of the preamble to the end of the Msg3 is 8 slots.
· If the UE’s preamble collides with that of another UE, the RAR is not transmitted and the preamble is retransmitted after 20 slots.
Figure 3 shows the timing model used for 4-step RACH.


[bookmark: _Ref3991869]Figure 3: Timing model used for 4-step RACH.
2.3			2-Step RACH Model
Assume a Poisson distribution for UE arrival per PRACH Occasion with an arrival rate of λ UE per second. Each PRACH Occasion has 64 preambles. Therefore, the UE arrival rate per PRACH Occasion per preamble is .
The probability that a UE transmitting on a preamble of a PRACH Occasion doesn’t collide with any other UE on that preamble is

In case of a collision of preambles, the PUSCH part of MsgA can’t be decoded and preamble is retransmitted,
The 64 preambles of a PRACH occasion are divided into  groups with  preambles group. Each group has its own MsgA PUSCH Occasion. This is shown in Figure 4.


[bookmark: _Ref3992634]Figure 4: Mapping M preamble groups to M MsgA PUSCH occasions.
The probability that a UE transmitting a preamble that doesn’t collide with any other UE transmits on a PUSCH Occasion that also doesn’t collide with another UE is (in this case none of the remaining  preambles of the preamble group is selected):

The possible outcome of the 2-step RACH procedure:
· If the UE’s MsgA preamble doesn’t collide: 
· If there is no collision on the MsgA PUSCH Occasion, it is assumed that the data of the PUSCH MsgA part is decoded correctly. MsgA PUSCH part is sent 2 slots after MsgA preamble. The time between the start of the preamble the end of the PUSCH data is 3 slots.
· If the UE collides with another UE in the PUSCH Occasion. 2-step RACH falls back to 4-step RACH. The RAR is transmitted three slots after MsgA PUSCH part. Msg3 is sent 4 slots after the RAR. Therefore, the time from the start of the preamble to the end of Msg3 is 8 slots.
· If the UE’s MsgA preamble collides with that of another UE, MsgA preamble is retransmitted after 20 slots.
Figure 5 shows the timing model used for 2-step RACH.


[bookmark: _Ref3994084]Figure 5: Timing model used for 2-step RACH.
2.4			Latency and resource reservation comparison
Figure 6 shows the average latency in slots as a function of the UE arrival rate per PRACH Occasion. To reduce latency with 2-step RACH more PUSCH occasions should be associated with each PRACH occasion. 
[image: ]
[bookmark: _Ref4006647]Figure 6: Average latency in slots for 4-step RACH and 2-step RACH. For 2-step RACH M is the number of PUSCH occasions associated with a PRACH occasion.
On the other hand, as shown in Figure 7, the PUSCH resource reservation and usage increase as the number of PUSCH occasions associated with each PRACH occasion increases. PUSCH resource reservation refers to MsgA PUSCH occasions reserved for 2-step RACH. PUSCH resource usage refers to the PUSCH occasions that are used by dynamic scheduling in 4-step RACH or in case of fall back to 4-step RACH.
In this analysis we assume that each PUSCH occasion has one antenna port, we can extend this analysis to PUSCH occasions for 2-step RACH with multiple antenna ports. However, as the channels are not perfectly orthogonal when users are multiplexed on different antenna ports of the same MsgA PUSCH Occasion, we expect an increase in error rate when two users use different antenna ports of the same PUSCH Occasion.
Observation 1: The availability of multiple antenna ports increases the 2-step RACH performance.
Proposal 1: The use of multiple antenna ports in the PUSCH resources for MsgA should be considered in 2-step RACH.
[image: ]
[bookmark: _Ref4006956]Figure 7: PUSCH resource reservation and usage for four-step RACH and 2-step RACH. For 2-step RACH M is the number of PUSCH occasions associated with a PRACH occasion.

Observation 2: The benefit of reduced latency with 2-step RACH is accompanied by an increase in PUSCH resource reservation and usage.
In RAN1#96bis, the following working assumption was taken:
Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis

There was discussion whether to support one-to-one and multiple-to-one mapping between the preambles in each RO and associated PUSCH resource. Figure 8 shows the impact of varying the number of preambles mapped to a PUSCH resource unit on latency using the model developed in section 2.3 for 2-step RACH. M is the number of PUSCH resource units available. P is the number of preambles mapped to one PUSCH resource unit. Hence, the total number of preambles is M*P. It can be seen that having multiple-to-one mapping for the preambles to the PUSCH resource unit, the latency is reduced. Having multiple preambles mapped to the same PUSCH Resource Unit, allows the network to determine the UEs colliding in a PUSCH resource unit, and fall back to 4-step RACH for each UE by sending an UL grant in the RAR/MsgB response.
[image: ]  [image: ]
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[bookmark: _Ref7639300]Figure 8: Average latency in slots with M PUSCH resource units (M=4, 8 or 16). P is the number of preambles mapped to one PUSCH resource unit. The number of preambles is M*P.
Proposal 2: Support multiple-to-one mapping of preambles to PUSCH resource units.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have the following observation about the trade-off between latency reduction and PUSCH resource reservation and usage with 2-step RACH.
Observation 1: The availability of multiple antenna ports increases the 2-step RACH performance.
Proposal 1: The use of multiple antenna ports in the PUSCH resources for MsgA should be considered in 2-step RACH.
Observation 2: The benefit of reduced latency with 2-step RACH is accompanied by an increase in PUSCH resource reservation and usage.
Proposal 2: Support multiple-to-one mapping of preambles to PUSCH resource units.
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