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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN meeting #82, a new work item on 2-step RACH for NR was approved [1]. In our companion contributions, the channel structure and the 2-step RACH procedure have been discussed [2][3]. In addition, some agreements were made during the email discussion on potential simulations for 2-step RACH, as provided in the appendix. In this contribution, we share our views on the some key issues of 2-step RACH that were identified during the email discussion, including use cases, collision probability, and receiver for 2-step RACH as copied below from the agreements. Simulation results considering Table 1 and other assumptions are provided in our companion contribution [4].
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
 Main part of this contribution is resubmission of R1-1904685 [5].

Use cases
As discussed/concluded in the email discussion, use case is one of factor that needs to be considered for determining the payload size of 2-step RACH. 
During accessing state before entering RRC_CONNECTED, 2-step RACH may reduce the access latency and signaling overhead due to the reduced handshaking steps, though it may cause some new problems due to potential asynchronous transmission which demands extra complexity in the receiver implementation to deal with. Its potential benefit over 4-step RACH may depend on (may not limited to) the payload size, numerology, RACH configuration, latency requirement, UE capability, and gNB capability, etc. in addition to cell size. 
One typical use case of 2-step RACH could be the fast state transition, i.e., from RRC_IDLE or RRLC_INACTIVE to RRC_CONNECTED, where the payload size is 56 or 72 bits including the MAC header. Another potential use case can be the fast access in unlicensed spectrum, where the number of LBT and the associated delay can be reduced during the RACH procedure.
When UE is RRC_CONNECTED, contention based RACH is still possible, for the purpose of requesting uplink resource when no available SR resource. It is particularly noted that in this case configured grant introduced in NR Rel-15 can be more flexible for transmitting uplink packet, as it has flexible resource allocation, even reduced latency compared to 2-step or 4-step RACH, and does not require system information signaling and the overhead of preambles. 
Observation 1: Typical use cases for the payload transmission during RACH procedure mostly conveys small payload, e.g. 56 or 72 bits. 
Observation 2: There is lack of motivation to optimize 2-step RACH for UE in RRC_CONNECTED mode.

[bookmark: _Ref129681832]Collision Probability Analysis
Collision Probability
For contention-based RACH procedure, if more than one UE choose the same preamble, collision happens. In this case, gNB can only detect one UE at most and the other UEs will be dropped. Specifically, the collision probability can be defined as the ratio between the total number of collided preambles and the total number of transmitted preambles within an observation interval. In order to have good access efficiency, the collision probability should be kept low.
Assume UE arrival follows Poisson process, each PRACH occasion (RO) has  contention-based preambles, and the traffic density is  UEs/RO, then the collision probability can be expressed as:  [6]. If there are multiple preamble groups, and each preamble group is applied for different purpose, e.g., different payload size, then the collision probability can also be expressed with  with  representing the number of preambles for the target group , and representing the traffic density of the target group. Assume the number of preamble groups is and each preamble group has the same number of preambles, i.e. , and for the  group, the arrival rate is , and . In the following, we give some preliminary collision probability analysis and the impact of , , and  
In Figure 1, we assume  and , and different  for each group (but only one group is shown). As can be observed from the figure, the collision probability increases with the traffic density, and the larger the traffic density (observed from larger ), the larger the collision probability. Moreover, comparing between the figures with  and , with the same traffic density for a given group, the collision probability is much higher in the case of  than that of , e.g., for , the collision probability is less than 0.01 for  and about doubled to 0.02 in the case of . 
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Figure 1. Collision probability for multiple preamble groups
Observation 3: For the case with multiple preamble groups, the collision probability increases if the traffic load with respect to the available PRACH resource is not matched.
Regarding the dimensioning for 2-step RACH, collision probability should be low enough to guarantee the BLER performance would not have error floor. Assume the UE activity pattern follows a Poisson process, each PRACH occasion (RO) has 64 contention-based preambles all for 2-step RACH transmission, and the traffic density  is defined as UEs/RO, then the collision probability can be approximated as  if the traffic load is not very high. It can be simply verified that when the collision probability is requested to be less than 1%, the average traffic load should be no larger than 0.643 UEs/RO. This means in the realistic deployment scenarios, the number of UEs simultaneously transmitting on the same RO should be small.
Observation 4: The number of UEs performing contention-based 2-step RACH on the same RO needs to be small to avoid large collision probability and error floor in BLER performance.
Resource Utilization 
For contention-based 2-step RACH, PUSCH occasions (POs) are configured for the transmission of MsgA payload, and will not be used by other transmissions. As discussed in [2], there can be different mapping relations between preambles and POs. When there are  contention-based preambles, and   preambles are mapped to one PO, then  POs will be needed. When   is larger, the reserved resource for MsgA will be less.  
As shown above, when  and the collision probability is 1%, the average traffic load should be no larger than 0.643 UEs/RO, i.e., the average utilization of preambles per RO is about 1%. If only one preamble is mapped to a specific PO, i.e., , the utilization of POs will also be 1%, which is too low and large amounts of time and frequency resources will be wasted. More resources will be wasted, if the pre-reserved resource size of the PO is larger. Therefore, to have a reasonable resource utilization, mapping multiple preambles to one PO should be considered. For example, when  preambles are mapped to one PO, the utilization will grows to 8%. When multiple preambles are mapped to one PO, different preambles can be associated with different DMRS ports to avoid full collision between any two active UEs. In this case, the multiplexing of multiple active UEs in the same PO should also be considered. 
PUSCH resource unit (PRU) has been defined as PUSCH occasion and DMRS port/sequence. For one PO, there can be multiple PRUs, i.e., multiple preambles can be mapped to different PRUs in the same PO. However, the number of preambles can still be larger than the number of PRUs in one PO. Multiple DMRS sequences can further increase the number of distinguishable PRUs, and the collision probability of PRUs can be reduced. As shown in [2], the performance can be improved with multiple DMRS sequences. 
Observation 5: When more preambles are mapped to one PO, the resource utilization of PUSCH resource can be improved.  

Receiver for 2-step RACH
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Figure 2. An example of the receiver for 2-step RACH
An example of the receiver for 2-step RACH is shown in Figure 2. gNB will try to detect the PRACH of MsgA and check which preambles are transmitted by UEs. If any preambles are transmitted, the association PUSCH resources can be identified based on the mapping between preambles and PUSCH resources [2]. Then, gNB will try to detect the PUSCH of MsgA. As UEs may not have valid TA during 2-step RACH, thus the MsgA transmission can be asynchronous, i.e. the timing offset between UEs is larger than CP length. In this case, gNB will estimate the timing offsets during PRACH detection. Then, gNB may adjust the time window of received signal based on the estimated timing offset before the PUSCH detection.
Observation 6: gNB may need to adjust the time window of received signal based on the estimated timing offset before the PUSCH detection.
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Figure 3. Time windows when timing offset difference is larger than CP
When there are multiple UEs with different timing offsets, the detection window can be adjusted so that one time window can accommodate the signals from multiple UEs. As shown in Figure 3, the time window #1 can accommodate the signals from both UE1 and UE2, and it cannot accommodate the signal from UE3. Another time window #2 is needed for the detection of UE3. Thus, when the timing offset between UEs is larger than CP, multiple time windows are needed for PUSCH detection in 2-step RACH. As a result, gNB needs to do multiple times of FFT operations per slot, which may increase the receiver complexity. 
Observation 7: When there are multiple UEs performing 2-step RACH, gNB may need to do multiple times of FFT operations per slot.

Conclusions
In this contribution, we discussed other issues for 2-step RACH. According to the above discussions, we have the following observations: 
Observation 1: Typical use cases for the payload transmission during RACH procedure mostly conveys small payload, e.g. 56 or 72 bits. 
Observation 2: There is lack of motivation to optimize 2-step RACH for UE in RRC_CONNECTED mode.
Observation 3: For the case with multiple preamble groups, the collision probability increases if the traffic load with respect to the available PRACH resource is not matched.
Observation 4: The number of UEs performing contention-based 2-step RACH on the same RO needs to be small to avoid large collision probability and error floor in BLER performance.
Observation 5: When more preambles are mapped to one PO, the resource utilization of PUSCH resource can be improved.
Observation 6: gNB may need to adjust the time window of received signal based on the estimated timing offset before the PUSCH detection.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 7: When there are multiple UEs performing 2-step RACH, gNB may need to do multiple times of FFT operations per slot.
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Appendix
Approved by email
· Adopt the link-level simulation assumptions in the following table for the initial evaluation of feasible payload size, and for the potential down-selection of schemes, e.g.
· whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning
· whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP
· the mapping scheme between preamble and PUSCH+DMRS, .e.g 1-to-1, multiple-to-1, or 1-to-multiple
· appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH
· whether to have UCI in msgA PUSCH, if a PUCCH transmission overlaps the PUSCH part of MsgA
· whether to dynamically adapt the payload size and indicate by UCI in msgA PUSCH, and if yes the content and structure of UCI
· FFS other schemes, e.g. whether guard band is included
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
· Note 2: the WID scope should be strictly followed when using the evaluation results for the comparison of schemes.
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