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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]In RAN meeting #82, a new work item on 2-step RACH for NR was approved [1]. Some agreements on 2-step RACH evaluations have been achieved as copied below. In this contribution, we provided some analytical evaluations on the latency of 2-step and 4-step RACH.
· [bookmark: _Ref129681832]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.

Latency Analysis
In general, 2-step RACH is expected to reduce the latency of random access procedure. How much time can be save by 2-step RACH needs to be analyzed. Figure 1 to Figure 3 show the 2-step RACH and 4-step RACH procedure. As fast state transition is a typical scenario for 2-step RACH, the reception of RRC messages (i.e. RRCResume or RRCReconfiguration) is taken into consideration. For 4-step RACH, the RRC messages can be transmitted with Msg4. For 2-step RACH, the RRC messages can be transmitted either together with MsgB or separately from MsgB.  
Table 1 to Table 3 provide the latency analysis of the above cases, assuming the payload size is proper so that it can be transmitted for MsgA or Msg3 and without collision. As the analysis is only based on one specific use case, and the values may change according to the packet size, numerology, RACH configuration, UE capability, and gNB capability, etc. On the other hand, the same waiting time for RACH occasions and the same length of response window may not be accurate in realistic scenario. The results show that 2-step RACH can provide gain in terms of latency if the data transmission is successful during the RACH procedure. Furthermore, including RRC message into MsgB can further reduce the latency, otherwise the gain becomes marginal.
The analysis focus on the latency of procedure, without considering preamble collision or PUSCH collision. If the mapping between preambles and PRUs is one-to-one, the collision probabilities of 2-step RACH and 4-step RACH are similar and the latency gain will be similar as the analysis. If the mapping between preamble and PUSCH resource unit is many-to-one, the collision probabilities of 2-step RACH is larger than that of 4-step RACH and the latency gain of 2-step RACH will shrink or even disappear, in which case, 2-step RACH may even be worse than 4-step RACH in terms of PUSCH delivery latency. 
Observation 1: Including RRC message in MsgB can provide more gain in terms of latency.
Observation 2: 2-step RACH can provide gain in terms of latency if the data transmission can complete during the RACH procedure and the collision probabilities of 2-step RACH is not larger than 4-step RACH.
Observation 3: In the case of multi-to-one mapping, the collision probability of MsgA PUSCH is higher than that of 4-step RACH, which jeopardizes the benefit and motivation of applying 2-step RACH.
It is also noted that the overall latency of 2-step RACH may also be affected by the PO in time. If there is no PO right after RO, the total latency of 2-step RACH applying this RO/PO may be larger than a 4-step RACH with an RO nearby the RO of 2-step RACH. The UE may choose 2-step RACH or 4-step RACH based on the smallest total latency, and it needs further study for the latency analysis in case that both 2-step RACH and 4-step RACH procedures can be kept in MAC, as mentioned in [3].
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Figure 1. 2-step RACH procedure (RRC message included in MsgB)
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[bookmark: OLE_LINK8]Figure 2. 2-step RACH (RRC message separate from MsgB)
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Figure 3. 4-step RACH Procedure

Table 1. Latency analysis of 2-step RACH (RRC message is included in MsgB)
	Components
	Description for 2-step RACH
	No. of TTIs

	1
	Waiting for PRACH occasions
	2.5

	2
	MsgA transmission (preamble + data)
	2

	3
	Waiting for PDCCH scheduling MsgB from a response window*
	6

	4
	Schedule delay
	0.5

	5
	MsgB transmission
	1

	6
	MsgB decoding
	3

	
	Total latency
	15



Table 2. Latency analysis of 2-step RACH (RRC message is separate with MsgB)
	Components
	Description for 2-step RACH
	No. of TTIs

	1
	Waiting for PRACH occasions
	2.5

	2
	MsgA transmission (preamble + data)
	2

	3
	Waiting for PDCCH scheduling MsgB from a response window*
	6

	4
	Schedule delay
	0.5

	5
	MsgB transmission
	1

	6
	MsgB decoding
	3

	7
	PUCCH transmission
	1

	8
	Waiting for PDCCH scheduling RRC message
	1

	9
	Schedule delay
	0.5

	10
	RRC message transmission
	1

	11
	RRC message decoding
	3

	
	Total latency
	21.5



[bookmark: _Ref534730520]Table 3: Latency analysis of 4-step RACH
	Components
	Description for 4-step RACH
	No. of TTIs

	1
	Waiting for PRACH occasions
	2.5

	2
	Preamble transmission
	1

	3
	Waiting for PDCCH scheduling MsgB from a response window
	6

	4
	Schedule delay
	0.5

	5
	Msg2 transmission
	1

	6
	Msg2 decoding
	3

	7
	Schedule Msg3 
	1

	8
	Msg3 transmission (including data payloads)
	1

	9
	Waiting for PDCCH scheduling Msg4 and decoding Msg3
	3

	10
	Schedule delay
	0.5

	11
	Msg4 transmission
	1

	12
	Msg4 decoding
	3

	
	Total latency
	23.5



Conclusions
In this contribution, we analysed the latency for 2-step and 4-step RACH. According to the above discussions, we have the following observations: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Including RRC message in MsgB can provide more gain in terms of latency.
Observation 2: 2-step RACH can provide gain in terms of latency if the data transmission can complete during the RACH procedure and the collision probabilities of 2-step RACH is not larger than 4-step RACH.
Observation 3: In the case of multi-to-one mapping, the collision probability of MsgA PUSCH is higher than that of 4-step RACH, which jeopardizes the benefit and motivation of applying 2-step RACH.

References
[bookmark: _Ref10311][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-182894, “New work item: 2-step RACH for NR”, RAN#82, Sorrento, Italy, Dec. 10-13, 2018.
R1-1903834, “Email discussion on potential link-level simulation assumption for 2-step RACH”, ZTE, Xi’an, China, April 8-12, 2019.
R1-1907540, “Considerations for simultaneous RACH operation”, Huawei, HiSilicon, May 2019.
image3.emf
preamble

Msg2

PDCCH

Waiting 

for RO

Waiting 

for PDCCH

Msg3

Decoding Msg2

+schedule delay

schedule 

delay

Msg4

PDCCH

Decoding 

Msg3

schedule 

delay

Decoding 

Msg4

Completion of 

4-step RACH


image1.emf
preamble

Waiting 

for RO

PUSCH

MsgB 

with RRC 

message

PDCCH

Waiting 

for PDCCH

schedule 

delay

Decoding 

MsgB

Completion of 

2-step RACH


image2.emf
preamble

Waiting 

for RO

PUSCH

MsgB

PDCCH

Waiting 

for PDCCH

schedule 

delay

Decoding  

RRC message

RRC 

message

schedule 

delay

PDCCH

Decoding 

MsgB

Completion of 

2-step RACH

Waiting 

for PDCCH


