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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 this contribution, we share our views on the some other key issues of 2-step RACH, including collision probability analysis and receiver for 2-step RACH, which has impact on the performance of PUSCH of MsgA. 
[bookmark: _Ref129681832]Collision Probability Analysis
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:  [4]. 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 analysis for a target group with traffic density .
For 2-step RACH, the collision probability analysis can also be extended to PUSCH of MsgA. As discussed in [2], if multiple preambles are mapped to the same PUSCH unit, i.e., the parameter  decrease, the collision probability of PUSCH will be larger than that of PRACH.
Observation 1: 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.
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 estimation 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 2: gNB may 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 need to do multiple times of FFT operations per slot, which will increase the receiver complexity. 
Observation 3: When TA is larger than CP, gNB need to do multiple times of FFT operations per slot, which will increase the receiver complexity.
Conclusions
In this contribution, we discussed other issues for 2-step RACH. According to the above discussions, we have the following observations: 
Observation 1: 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 2: gNB may adjust the time window of received signal based on the estimated timing offset before the PUSCH detection.
Observation 3: When TA is larger than CP, gNB need to do multiple times of FFT operations per slot, which will increase the receiver complexity.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref167612875][bookmark: _Ref167612671]RP-182894, “New work item: 2-step RACH for NR”, RAN#82, Sorrento, Italy, Dec. 10-13, 2018.
[bookmark: _Ref10311]R1-1903056, “Channel structure for 2-step RACH”, RAN1#96, Huawei, HiSilicon, Athens, Greece, Feb. 25-Mar. 1, 2019.
R1-1903057, “Discussion on 2-step RACH procedure”, RAN1#96, Huawei, HiSilicon, Athens, Greece, Feb. 25-Mar. 1, 2019.
R1-061369, “LTE random access capacity and collision probability”, RAN1#45, Ericsson, Shanghai, China, May 8-12, 2006.



image3.png
PRACH
detection

Time window
adjustment

PUSCH
detection





image4.png
Window #1

UE1

UE2

UE3

Window #2




image1.emf
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Average arrival rate (UEs/RO)

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

C

o

l

l

i

s

i

o

n

 

P

r

o

b

a

b

i

l

i

t

y

Single Group

N=2, a

n

 = 0.6

N=2, a

n

 = 0.8


image2.emf
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Average arrival rate (UEs/RO)

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

C

o

l

l

i

s

i

o

n

 

P

r

o

b

a

b

i

l

i

t

y

Single Group

N=4, a

n

 = 0.4

N=4, a

n

 = 0.6

N=4, a

n

 = 0.8


