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1. 	Introduction
At RAN#82, two-step RACH was approved as a new WI for NR Rel-16. According to the WID [1], the scope of the two-step RACH WI includes the following:
· two-step RACH shall be able to operate regardless of whether the UE has valid TA or not;
· two-step RACH is applicable to any cell size supported in Rel-15 NR;
· two-step RACH is applied for RRC_INACTIVE, RRC_CONNECTED and RRC_IDLE state;
· two-step RACH procedures are contention-based;
· No new triggers for 2 step RACH (All triggers for Rel-15 NR four-step RACH are applied for two-step RACH except for SI Request and BFR which are up to RAN2 discussion).
The objectives of the two-step RACH WI include the following:
· Design for msgA
· Channel structure
· Comprising a preamble and a payload, which are TDMed.
· msgA preamble: reusing the Rel-15 NR PRACH preambles design; 
· msgA payload: reusing the Rel-15 NR PUSCH including DMRS;
· No new CP length and no sub-PRB guard subcarrier(s) will be considered for payload transmission.
· Specify the mapping between the PRACH preamble and the time-frequency resources of PUSCH and DMRS in msgA.
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH. 
· Specify the payload and contents of msgA:
· to include the equivalent contents of msg3 of four-step RACH;
· inclusion of UCI in msgA is not precluded.
· Specify power control of PUSCH in msgA
· Design for msgB
· Specify the payload and contents of msgB:
· to include the equivalent contents of msg2 and msg4 of four-step RACH;
·  Design of RNTI for msgB of two-step RACH. 
· Design contention resolution procedures for two-step RACH. 
· Design fall-back procedurse from two-step RACH to four-step RACH.
In this contribution, we discuss the channel structure design aspects of two-step RACH, targetting both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1). The two-step RACH related procedures are discussed in a companion paper [2].


2. 	Discussion
2.1	Overview of Two-Step RACH 
Figure 1 shows an example of two-step RACH procedure.
· [bookmark: _GoBack]Before starting two-step RACH, UE receives and processes SSB/SIB/RS from the serving gNB. The configuration information for two-step RACH is carried by SI. 
· Based on the configuration information for two-step RACH, UE will generate a message A (msgA) preamble and payload, and transmit it to gNB on a RACH occasion (RO) associated with a suitable SSB beam; 
· After receiving msgA, gNB will process the preamble first. If the preamble can be successfully detected, gNB will continue to process the payload part. Based on the outcome of preamble detection and payload decoding, gNB will generate a message B (msgB) and transmit it to the two-step RACH UE. 

Table 1 lists the physical signals and channels used by msgA and msgB, as well as the basic contents of each mssage. According to the scope in [1], msgA will re-use the PRACH/PUSCH/DMRS specified in NR Rel-15 [3]; while msgB will consider the PDCCH/PDSCH/DMRS specified in NR Rel-15 for msg2/msg4 of four-step RACH procedure [3]. 


Figure 1:  Example of Two-Step RACH 


Table 1: Physical Signals and Channels Employed by Two-Step RACH
[image: ]

2.2 	Channel Structure for msgA
[bookmark: _Hlk1039531]A general channel structure for msgA is shown in Figure 2, which is applicable to both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1). The preamble and payload of msgA are TDMed [3], which are transmitted within the pre-configured occasions, without or with UE side timing adjustment, as shown in Figures 3-4. A transmission gap (TxG) with configurable time duration, say , can be inserted between the preamble and the payload. For low latency use cases, TxG can be waived by setting 
[image: ]
Figure 2: General Channel Structure of msgA


[image: ]
[bookmark: _Hlk1147160]Figure 3: Transmission Timeline for msgA without UE Side Timing Adjustment
[image: ]
Figure 4: Transmission Timeline for msgA with UE Side Timing Adjustment
 (See Figure. 7 for another option of UE-assisted timing adjustment.)

Therefore, we have the following observation and proposals: 
Observation 1: Two-step RACH can be supported for all cell sizes. Specifically,
· for small cell sizes, Tadj = 0 is sufficient;
· for large cell sizes:
· Tadj = 0 can be used as long as sufficient gap is allowed for gNB to process preamble for timing and then use that information for further demodulation PUSCH;
· Tadj ~= RTT can be used in the case of UE assistance (e.g., tracking timing related changes relative to last valid TA)
· UE-assisted timing adjustment can be applied to both preamble and payload of msgA, or to payload part only.

Proposal 1:  To support two-step RACH operation in both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1), with or without a valid timing advance, the channel structure of msgA should include a preamble, a payload, as well as a transmission gap with configurable duration.
In the following sections, we will discuss preamble and waveform selection, TxG configuration, resource mapping associated with msgA transmission. Design considerations for msgB is also discussed in the end of this contribution.

2.2.1 Preamble and Waveform Selection for msgA

Table 2:  Paramaters of Long PRACH Preambles Specified in NR Rel-15 [3]
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Table 3:  Paramaters of Short PRACH Preambles Specified in NR Rel-15 [3]
[image: ]

According to the agreed scope and objectives of Rel-16 WI [2], two-step RACH is expected to be applied to any cell size supported in NR Rel-15, regardless whether the transmitting UE has a valid timing advance (TA) or not. For large cell supported in NR Rel-15, low PAPR waveform is desirable for better cell coverage. To cope with multi-user interference, low-order modulation such as pi/2 BPSK, BPSK and QPSK should be supported.
Therefore, we have the following proposals:
Proposal 2:  Two-step RACH should support preamble formats specified in NR Rel-15 for both large cells and small cells.
Proposal 3: msgA of two-step RACH should support:
· both CP-OFDM and DFT-s-OFDM waveforms;
· low-order modulations such as pi/2 BPSK, BPSK and QPSK.


2.2.2 Configuration of Transmission Gap (TxG)
For two-step RACH operating in RRC_INACTIVE and RRC_IDLE modes, typically the timing advance (TA) information are outdated or unknown. The TxG can be configured to ensure the arrival time of payload is within the boundary of msgA occasion, as shown by Figure 3. 
Furthermore, the configuration of a non-zero TxG is also necessary when the preamble and payload configurations are different in:
1) numerology;
2) sampling frequency;
3) radio resource mapping (e.g. bandwidth, beam);
4) transmission power (or power control schemes);
5) LBT outcome.
As indicated by Tables 2-3, the guard time (GT) for long preamble is within the range of [97, 713] μs, while the GT for short preamble is within the range of [0, 94.922] μs. When GT > 0, UE needs to power off its UL transmission. In order to reduce the interference incurred by the transmission power variation, a time mask for UL transmission is defined in [4], which requires a transient period on the order of 10 μs, as illustrated by Figures 5-6. 
[image: ]
Figure 5: Time Mask for PRACH Power On/Off [4]

[image: ]
Figure 6: Time Mask for PUSCH/PUCCH/SRS Power On/Off [4]

As stated in the WID [1], two-step RACH shall be able to operate regardless of whether the UE has valid timing advance (TA) or not. However, the UE in RRC_INACTIVE or RRC_IDLE mode may not be UL synchronized with gNB. There are multiple solutions to improve the performance of two-step RACH for asynchronous UL without a valid TA [2]. One possible solution is to apply a UE-assisted timing adjustment, say , based on DL measurements for RSRP and/or positioning. Such timing adjustment can be applied to both preamble and payload, as shown in Figure 4; or, be applied to the payload part only, as shown in Figure 7. Since the effective TxG is reduced to TG-Tadj, there is a lower bound on the configuration of TG due to implementation limits.

[image: ]
Figure 7:  UE Assisted Timing Adjustment (see Figure 4 for another option)

[bookmark: _Hlk1004584]Proposal 4: The configuration of TxG should account for limits on UE implementation and cell deployment.

2.3 	Resource Mapping for msgA 
Depending on the RRC mode of the UE, msgA can carry different contents and the corresponding payload size can range from a few bytes (e.g. UE-ID in RRC_IDLE mode) to a few hundred bytes (e.g. UCI piggyback or small data transmission from RRC_CONNECTED/RRC_IDLE mode). To adapt to the payload size, MCS and traffic load of different use cases, the resource allocation for msgA should be configurable, 
[bookmark: _Hlk1001286]In addition, the bandwidth assigned for the preamble and the payload can be similar or different, depending on the payload size and MCS.
Due to the bursty traffic and contention-based random access, it is inefficient to allocate dedicated resources to a two-step RACH UE. To improve the spectral efficiency, the resource set (in time/frequency/space domains) for msgA can be pre-configured and shared by UEs with similar payload size and MCS. If the payload or MCS have significant differences, multiple resource sets can be configured in one cell. The rule of resource mapping can be broadcast by gNB in SIB.
Similar to the msg1 transmission in four-step RACH, the pool of preamble sequences can be partitioned into mutually exclusive subsets, and the index of subset can be associated with one or multiple parameters of msgA, including: RRC mode, payload size, MCS, traffic load and QoS.
An example of resource mapping for msgA is shown in Figure 6, wherein the pool of preamble sequences is partitioned into two subsets, A and B. Each subset is associated with a pre-configured resource set. As a consequence, UEs selecting preamble sequences from subset A will transmit their payload using ResourceSet A, whereas UEs selecting preamble sequences from subset B will transmit their payload using ResourceSet B. The size/dimension of ResourceSet A and B can be similar or different. 
[image: ]
Figure 8: An Example of Resource Mapping for msgA

Proposal 5: For msgA transmission, the following rules can be considered:
· the bandwidth assigned for the transmission of preamble and payload can be similar or different, depending on the payload size and MCS;
· the transmission power for preamble and payload can be different, and the power offset can be dependent on MCS, bandwidth, traffic load and QoS;
· the resource allocation for msgA should be configurable, to support different MCS, QoS, traffic load, and payload size up to 1000 bits;
· the pool of preamble sequences used for two-step RACH can be partitioned into mutually exclusive subsets, and the index of each subset can be associated with a pre-configured ResourceSet with distinctive configurations, such as payload, MCS and QoS;
· depending on the traffic load of RACH, the pool of preamble sequences can be shared between two-step RACH and four-step RACH procedures;
· the association between preamble sequences and payload ResourceSet can be based on one-to-one or one-to-many mapping, and the mapping rule can be indicated by SI.

2.4	Design Considerations for msgB
After the transmission of msgA, the two-step RACH UE will monitor msgB within a pre-configured RAR window. The window configuration information is broadcast in SI, as shown in Figure 1.
Message B (msgB) carries the random access response (RAR) and additional signalling information, whose contents are equivalent to msg2 and msg4 of four-step RACH. As shown in Figure 9, the physical channels/signals used by msgB include DMRS/PDCCH/PDSCH. Moreover,
· The PDCCH for msgB is monitored by two-step RACH UEs sharing the RAR window. The DCI carries the resource assignment of the DMRS/PUSCH. The CRC of the PDCCH is scrambled by RA-RNTI (similar to four-step RACH in NR Rel-15), UE-ID (e.g. C-RNTI for RRC_CONNECTED mode) or other RACH signatures.
· The PDSCH carries the RAR, and its payload may include the information for contention resolution, back-off indication, timing control, power control and fall-back procedures. 

[image: ]
Figure 9:  General Channel Structure of msgB

Observation 2: The design for msgB should accomplish at least the following goals:
· complete RACH procedure when both preamble and payload of msgA are correctly detected OR 
· re-request re-transmission of payload on granted resources if msgA preamble is received but msgA payload is not. 


3.	Conclusions
In this contribution, the general channel structure of two-step RACH, which targets both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1), has been discussed. To conclude, we have the following observations and proposals:
Observation 1: Two-step RACH can be supported for all cell sizes. Specifically,
· for small cell sizes, Tadj = 0 is sufficient;
· for large cell sizes:
· Tadj = 0 can be used as long as sufficient gap is allowed for gNB to process preamble for timing and then use that information for further demodulation PUSCH;
· Tadj ~= RTT can be used in the case of UE assistance (e.g., tracking timing related changes relative to last valid TA)
· UE-assisted timing adjustment can be applied to both preamble and payload of msgA, or to payload part only.
Observation 2: The design for msgB should accomplish at least the following goals:
· complete RACH procedure when both preamble and payload of msgA are correctly detected OR 
· re-request re-transmission of payload on granted resources if msgA preamble is received but msgA payload is not. 
Proposal 1:  To support two-step RACH operation in both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1), with or without a valid timing advance, the channel structure of msgA should include a preamble, a payload, as well as a transmission gap with configurable duration.
Proposal 2:  Two-step RACH should support preamble formats specified in NR Rel-15 for both large cells and small cells.
Proposal 3: msgA of two-step RACH should support:
· both CP-OFDM and DFT-s-OFDM waveforms;
· low-order modulations such as pi/2 BPSK, BPSK and QPSK.
Proposal 4: The configuration of TxG should account for limits on UE implementation and cell deployment.
Proposal 5: For msgA transmission, the following rules can be considered:
· the bandwidth assigned for the transmission of preamble and payload can be similar or different, depending on the payload size and MCS;
· the transmission power for preamble and payload can be different, and the power offset can be dependent on MCS, bandwidth, traffic load and QoS;
· the resource allocation for msgA should be configurable, to support different MCS, QoS, traffic load, and payload size up to 1000 bits;
· the pool of preamble sequences used for two-step RACH can be partitioned into mutually exclusive subsets, and the index of each subset can be associated with a pre-configured ResourceSet with distinctive configurations, such as payload, MCS and QoS;
· depending on the traffic load of RACH, the pool of preamble sequences can be shared between two-step RACH and four-step RACH procedures;
· the association between preamble sequences and payload ResourceSet can be based on one-to-one or one-to-many mapping, and the mapping rule can be indicated by SI.



References
[1].  RP-182894, “New Work Item: two-step RACH for NR”, ZTE, 3GPP TSG RAN #82, Sorrento, Italy.
[2].  R1-1902978, “Procedures for Two-Step RACH”, Qualcomm, 3GPP TSG RAN1 #96, Athens, Greece.
[bookmark: _Hlk1069846][3]. 3GPP TS 38.211 V15.4.0, “NR; Physical Channels and Modulation (Release 15)”, December 2018.
[4]. 3GPP TS 38.101-1, V15.4.0, “NR; UE Radio Transmission and Reception; Part I”, December 2018.


5

image1.emf
msgA preamble

msgB

gNB UE

SSB, SIB and RS

msgA payload

msgA  preamble 

processing

DL sync, SI decoding 

and measurement

msgA  payload 

processing

P

r

e

a

m

b

l

e

 

D

e

t

e

c

t

e

d

STEP 1

STEP 2


Microsoft_Visio_2003-2010_Drawing.vsd
msgA preamble


msgB


gNB


UE


SSB, SIB and RS


msgA payload


msgA  preamble processing


DL sync, SI decoding and measurement


msgA  payload processing


Preamble Detected


STEP 1


STEP 2



image2.png
asic Contents

w

Message Physical Signals/Channels
Message A (msgA) PRACH; DMRS/PUSCH msg3 equivalent; UCI

Message B (msgB) DMRS/PDCCH; DMRS/PDSCH msg2 and msg4 equivalents




image3.png
Tg T, T,

I AL

GT TxG DMRS/PUSCH GT

J \ J
|

msgA Preamble msgA Payload

|

msgA of Two-Step RACH





image4.png
gNB TX

i
'
'
'
'
'
1
'
1
1
'
1
'
'
'
'
1
r
1
'
1
1
'
1
'
'
'
'
'
'
1
'
1
1
-
]
'
'
'
'
'
'
1
'
1
1
'
1
'
'
'
L
T
'
1
'
1
1
'
1
'
'
'
'
'
]

s N

Propagation Delay

TxG





image5.png
| i ] i
: : ; A : ;
[T S ! ' '
! ! —_
i i [?)
! ! o
=
i i )
; : @
“ “ ||||||||| m
i 1 7]
! ! 7]
AAAAAA IR . -
| | o)
| i 2
i | <
; : @
i i m
i 1 2
1 1 3
! N 2
i i [}
AAAAAA R £
\ 1 -
i i [a)
i 1 c
i 1 o
i i el
“ “ e
; :
| 1 ©
] [l He)
m m w
AAAAAA bosasnsnad )
H ' >
' ' Q
: : FARRRR O, A0 N -
! ! ! c
“ : ! £
! “ “ ]
; : ; 3
i i i o
! : ! <
. <
' £
“ £
| =
' ..
;
'
;
:
;
'
.

X x
o =
w w
] ]

gNB TX
gNB RX




image6.png
Preamble Format L SCS [kHz] BW [MHz] CP [ms] GT [ms] Total Length [ms]
0 839 1.25 1.08 0.103 0.097 1
1 839 1.25 1.08 0.684 0.713 3
2 839 1.25 1.08 0.153 0.147 35
3 839 5 4.32 0.103 0.097 1
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Preamble Format L SCS [kHz] BW [MHz] CP [us] GT [us] Total Length [us] | # OFDM symbols
139 15 2.16 9.375 0 142.71 2
A 139 15 2.16 18.75 0 285.42 4
139 15 2.16 28.125 0 428.13 6
139 15 2.16 7.031 2.344 142.71 2
B 139 15 2.16 11.719 7.031 285.42 4
139 15 2.16 16.406 11.719 428.125 6
139 15 2.16 30.469 25.781 856.25 12
139 15 2.16 40.36 35.677 142.71 2
¢ 139 15 2.16 66.67 94.922 428.26 6
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