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1
Introduction
In RAN1#86 meeting, the following agreements were made for random access (RACH) procedure [1]:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)
In RAN2#96 meeting, it was noted that RAN2 expects a benefit in latency for 2-step RACH [2]:
Agreements
If 2 step RACH is supported:

1 The 2-step RACH resources are optionally configurable by the NW 

FFS whether it can be configured by broadcast and/or by dedicated signalling.

2: NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition,etc) (FFS for which cases for which it is possible to configure/restrict the usage)

3
RAN2 expects a benefit in latency for the 2 step RACH procedure
4
From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.

5
Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.
In the last RAN1 meeting, some questions to 2-step RACH were raised. We will provide answers to the following two major questions:
· Question 1: What’s the benefit of 2-step RACH procedure?

· Question 2: How to support asynchronous UL transmission in Msg1, which is required by 2-step RACH procedure?

In this contribution, we discuss the benefit on latency reduction for User Plane (CP) and Control Plane (UP) to address Question 1 above. For Question 2, we discuss the possible solutions of the physical channel design for supporting asynchonrous UL transmission in Msg1.
2
Benefit of 2-Step RACH - Latency Reduction of CP and UP
2.1
Clarification of 2-Step RACH and Contention-Based PUSCH Transmission
In our view, the concept of 2-step RACH and contention-based (CB) PUSCH are similar: they both perform contention-based UL transmission in Msg1 to reduce latency, and Msg1 is allowed to carry information bits including at least UE identity. Due to their similarity, in [3] we regarded CB-PUSCH as a special case of 2-step RACH. Hence, the alternatives of 2-step RACH are as follows:
· Alternatives for UL asynchronous scenarios

· Preamble (LTE legacy preamble) + asynchronous-PUSCH (RACH data, e.g., UE ID, BSR, PHR, etc.)

· Preamble (extended preamble carrying full RACH data)
· Alternative for UL synchronous scenarios

· Contention-based synchronous PUSCH (RACH data, e.g., UE ID, BSR, PHR, etc.)

Here UL asynchronization means that UE does not have the valid timing advance (TA) and has to perform UL transmission in Msg1 without TA. Since the minimum size of Msg3 for contention resolution is 56 bits [2], it is not feasible to use extended preamble to carry full RACH data. Therefore, we will only focus on the alternatives of “RACH Preamble + RACH Data” for UL asynchronous scenarios in the following discussions.

Observation 1: 2-step RACH and contention-based PUSCH are conceptually the same.

2.2
eMBB Scenario for 4ms UL User Plane Latency
The required 4ms user plane latency is quite tight and could not be achieved by the legacy LTE scheduling request (SR) procedure. For example, considering TTI length of 1ms, it takes at least 8.5ms for UE to transmit UL data as shown in Figure 1.
[image: image1.png]UE

Data is created and
packetized

(1. sR waiting )

——— 4. ULgrant

(5. Processing )

6. UL data

2.5SR ——»

Time

Component | Description (ms)
eNB PreR—
1 Average waiting time for PUCCH (assume 05
SR period = 1 ms) -
2 Send scheduling Request on PUCCH 1
3 eNB decodes Scheduling Request and 3
generates the Scheduling Grant
4 Transmission of Scheduling Grant 1
(3. Processing ) 9
5 UE Processing Delay (decoding of 3
scheduling grant + L1 encoding of UL data)
6 Transmission of ULdata
—>
Total delay [ms] 85





Figure 1. Latency of SR procedure to transmit UL data

Observation 2: The legacy LTE SR procedure can’t meet the requirement of 4ms UL user plane latency.
In contrast, 2-step RACH has the potential to achieve the target latency. For example, assuming 2-step RACH periodicity of 1ms, it takes only 0.5ms for UE to transmit UL data as illustrated in Figure 2. Even though considering decoding failure at network (eNB) and then retransmission at UE, 2-step RACH may still be capable of achieving the 4ms latency requirement.
Observation 3: 2-step RACH has the potential to achieve the requirement of 4ms UL user plane latency.
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Figure 2. Latency of 2-Step RACH to transmit UL data

2.3
Impact of 2-Step RACH on Control Plane Latency

2-step RACH aims to carry the content of legacy Msg3 in Msg1 [2], and thus the round trip time of Msg3 and Msg4 could be saved. In addition, 2-step RACH saves the latency of SR procedure to get UL grant for transmitting RRC message. Here we take RRC Resume procedure as an example. As shown in and Table 1 and Figure 3, 2-step RACH reduces 18.5 TTI (41.11% reduction, from 45ms to 26.5ms) latency from two aspects:
· Msg3 transmission: Msg3 content is delivered in Msg1, so the processing time and handshaking time of Msg3 and Msg4 are saved, i.e. step 3 to 6 are saved.

· Scheduling request: The latency of SR procedure is removed, i.e. the RRC message (RRC Connection Resume Complete) is transmitted in a contention-based manner.
We can see that by applying 2-step RACH, control plane latency for RRC Connection Resume becomes 26.5ms, which consists of two parts:

· Air-interface transmission (3.5 ms): including RACH waiting time, and transmission time for preamble, RRC Connection Resume, and RRC Connection Resume Complete

· Note that air interface transmission is reduced from 21.5 ms to 3.5 ms, i.e. 83.72% reduction.

· Processing time (23 ms)

Therefore, after applying 2-step RACH, the dominating factor of latency is the lengthy processing time rather than the time for air-interface transmission. To meet the 10ms control plane latency requirement, we may consider processing time reduction or further signalling reduction/combining.

Observation 4: 2-step RACH can significantly reduce up to 41% control plane latency for RRC Connection Resume.

Observation 5: After introducing 2-step RACH, it is processing time that dominates the control plane latency.
Table 1. Consumed time for each of CIoT UP solution (ignorable Core-Network processing latency is not included)

	
	NB-IoT UP Solution (without enhanced PRACH)
	TTI with legacy RACH
	TTI with 2-step PRACH

	1
	PRACH waiting (per TTI PRACH)
	0.5
	0.5

	2
	Preamble Tx
	1
	1

	3
	Processing
	3
	Saved !!

	4
	RAR Tx
	1
	Saved !!

	5
	Processing
	5
	Saved !!

	6
	RRC Connection Resume Request Tx
	1
	Saved !!

	7
	Processing
	4
	4

	13
	Processing
	4
	4

	14
	RRC Connection Resume
	1
	1

	15
	Processing
	15
	15

	16
	Scheduling Request
	8.5
	Saved !!

	17
	RRC Connection Resume Complete
	1
	1

	
	Total
	45
	26.5
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Figure 3. Signalling for CIoT UP solution to resume RRC connection

3
Asynchronous UL Transmission in Msg1
The simplified 2-step RACH procedure is illustrated in Figure 4. In the first step (Msg. 1), the UE transmits not only a preamble sequence but also a data signal. If the transmitted Msg1 is detected by the network (NW), NW responds to the corresponding UE via Msg2 that might contain the detected preamble index, UE identity, timing advance (TA) if applicable. Other information contained in Msg2 is to be further studied. 
In the last RAN1 meeting, companies raised a major concern that if asynchronous UL data transmission can’t be supported in Msg1, then usage scenarios of asynchronous 2-step RACH will be very limited. Therefore, in the remaining part of this section, we will focus on how to support asynchronous UL transmission in Msg1 in terms of numerology and format as well as demodulation reference signal (DMRS) design.
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Figure 4. The simplified 2-step RACH procedure
3.1   
RACH Data Numerology and Format
Since UE does not have the valid TA when UL is not synchronous, using the same numerology and format as PUSCH for RACH data signal will result in limited coverage problem where only cell-center UEs can use 2-step RACH. In order to support asynchronous data transmission in Msg1, data signal can use the same subcarrier spacing (SCS), cyclic prefix (CP) as well as guard time (GT) as preamble signal. As shown in Figure 5, RACH data has enough CP length to cover maximum round-trip delay plus maximum delay spread, thus providing protection against multipath interference even for the cell-edge UEs.
Observation 6: 2-step RACH data signal can use the same subcarrier spacing, cyclic prefix as well as guard time as preamble signal to support asynchronous UL data transmission.
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Figure 5. The preamble/data numerology and format of asynchronous 2-step RACH
3.2
Demodulation Reference Signal

Figure 6 illustrates two possible options of DMRS design for asynchronous 2-step RACH data signal. In the option1 shown in Figure 6(a), estimated TA information is not used for channel estimation and higher DMRS density is required to handle maximum round-trip delay plus maximum delay spread. In this example, the minimum required DMRS overhead for option1 is 12.5% when considering 1.25KHz SCS and 0.1ms CP for RACH in LTE. The advantage of option1 is lower receiver complexity because there is no need of extra phase rotation in frequency domain to compensate TA.
On the other hand, TA can be compensated by means of detected preamble before estimating channel response in option2 shown in Figure 6(b), the DMRS in 2-step RACH data signal can now be designed to handle only maximum expected delay spread, leading to a lower overhead design. In this way, the minimum required DMRS overhead can be significantly reduced to 0.5875%. However, the receiver complexity of option2 is higher as compared to option1 because extra phase rotation for TA compensation is required.
Observation 7: To achieve lower receiver complexity, asynchronous 2-step RACH can use DMRS with higher density to avoid extra TA compensation at network.
Observation 8: Asynchronous 2-step RACH can use the estimated timing advance at receiver to relax the requirement of DMRS density ad achieve lower overhead DMRS design.
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Figure 6. DMRS overhead reduction by leveraging estimated timing advance at receiver
4
Conclusion
In this contribution, we first show that 2-step RACH can have the potential to achieve the 4ms UL UP latency requirement for NR, and can significantly reduce CP latency to move forward to the 10ms target. Then, we discuss the physical channel design consideration to support asynchonrous UL transmission in Msg1. Our observations are listed below:
Observation 1: 2-step RACH and contention-based PUSCH are conceptually the same.

Observation 2: The legacy LTE SR procedure can’t meet the requirement of 4ms UL user plane latency.

Observation 3: 2-step RACH has the potential to achieve the requirement of 4ms UL user plane latency.

Observation 4: 2-step RACH can significantly reduce up to 41% control plane latency for RRC Connection Resume.

Observation 5: After introducing 2-step RACH, it is processing time that dominates the control plane latency.

Observation 6: 2-step RACH data signal can use the same subcarrier spacing, cyclic prefix as well as guard time as preamble signal to support asynchronous UL data transmission.

Observation 7: To achieve lower receiver complexity, asynchronous 2-step RACH can use DMRS with higher density to avoid extra TA compensation at network.

Observation 8: Asynchronous 2-step RACH can use the estimated timing advance at receiver to relax the requirement of DMRS density ad achieve lower overhead DMRS design.

Based on above observations, we have the following proposal:
Proposal 1: 2-step RACH should be supported for NR to achieve latency requirement.
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