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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN #82 meeting, a new WI regarding “2-step RACH for NR” was approved. The objectives of WI are as follows. In this contribution, we will discuss and present our views on the channel design for 2-step RACH, including the potential use cases for 2-step RACH, channel structure of msgA, and mapping between PRACH and PUSCH. 
	1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH




2. [bookmark: OLE_LINK6]Discussion
2.1. Use cases for 2-step RACH 
Per previous discussions, the benefits of 2-step RACH are justified, i.e. reduced delay for RACH transmission, reduced signaling overhead, for both licensed and unlicensed band. From our perspective, the most promising use cases for 2-step RACH are as followed.
· Case 1: unlicensed band
· Case 2: small cell
· Case 3: handover
Case 1: unlicensed band
[bookmark: _GoBack]In unlicensed band, UE needs to perform LBT before accessing the channel. When the legacy 4-step RACH is adopted, there should be multiple LBT at either UE and gNB side, which also results in higher channel access failure probability during random access procedure. Therefore, it is important to simplify RACH procedure to reduce the number of LBT in unlicensed band. 2-step RACH was proposed to apply for unlicensed band. Different from the legacy 4-step RACH, the simplified procedure of 2-step RACH can be beneficial to complete RACH procedure more quickly. 
Case 2: small cell
In a small cell, the transmission propagation delay of UEs could be small such that it can be compensated by normal CP for data transmission. In such case, 2-step RACH can be useful to reduce the signaling overhead of RACH procedure. Besides, there could be no TA issue for UEs operating in small cell, i.e. TA is zero. For these UEs, 2-step RACH can be beneficial to quickly get ready for data transmission. Moreover, in unlicensed band, small cells are most likely to be deployed. Therefore, 2-step RACH is most promising in this case.
Case 3: handover
When a UE is during a handover, the TA of target cell may be informed by network, e.g. if UE is handing over from SCell to PCell. In this case, there is no TA issue for the UE and TA is not necessary to obtain by RACH procedure. Therefore, 2-step RACH can be beneficial to quickly complete the handover procedure. Note that handover case is also under discussion in the mobility agenda and 2-step RACH with PUSCH only in msgA is proposed to be considered.
Proposal 1: Consider following use cases for 2-step RACH.
· Case 1: unlicensed band
· Case 2: small cell
· Case 3: handover

2.2. Channel structure of msgA 
[bookmark: OLE_LINK21]Typically, in idle state, there is no UL timing for synchronization and UE needs to perform RACH procedure to acquire UL synchronization, i.e. from TA command. In this case, a PRACH including preamble for msgA should be transmitted to gNB, where gNB would estimate the TA for the UE based on the detected preamble. 
In case of small cell, there could no TA issue for the UEs operating in unlicensed band, i.e. TA can be zero. Similarly, in case of handover, TA value of target cell is obtained from network. In such cases, a PRACH transmission for msgA may not be necessary since gNB does not need to the UL timing of UE based on preamble. Besides, from UE’s perspective, no PRACH transmission in msgA can save power consumption. At gNB side, gNB may need to blindly detect PUSCH transmission of msgA if there would be no preamble before PUSCH transmission. Therefore, associating the PUSCH transmission of msgA with PRACH resource and/or SSB can be useful, which will be discussed in later session.
Observation 1: For UEs operating in small cell or during a handover, there could be no TA issue such that a PRACH transmission may not be necessary during 2-step RACH procedure. 

For 2-step RACH, UE needs to inform a contention resolution ID in msgA. Thus, a PUSCH carrying the contention resolution ID should be transmitted for msgA. For example, if gNB receives the PUSCH for msgA, msgB including RAR corresponding to the contention resolution ID can be transmitted by gNB. The detailed procedure of 2-step RACH can be found in our contribution [2]. In addition, how gNB would respond to the detected msgA is also related to the potential fallback procedure design of 2-step RACH. Therefore, further discussion on msgB, i.e. design of RAR for 2-step RACH, is needed.
Proposal 2: Support following channel structure for msgA in 2-step RACH
· Alt 1: msgA including PRACH preamble and PUSCH
· Alt 2: msgA including PUSCH

2.3. Mapping between PRACH and PUSCH of msgA
In 4-step RACH, a PRACH transmission is associated with a certain SSB, where the association between SSB and PRACH occasion is configured by broadcast signaling. Once UE receives RAR from gNB, it is scheduled to transmit msg3 according to the beam correspondence of the SSB associated with the PRACH transmission. Besides, the scheduling information is indicated in RAR, e.g. time and frequency resources allocation. 
Different from legacy 4-step RACH, there is no scheduling information for the PUSCH of msgA before PUSCH transmission. Therefore, the time and frequency resources for PUSCH of msgA should be pre-configured, e.g. by broadcast signaling. Similarly, the time and frequency resource for a PUSCH can be named as “PUSCH occasion”.
For the PUSCH transmission of msgA, the beam correspondence needs to be addressed, in order for gNB to avoid beam sweeping to receive the PUSCH of msgA. For FR2, it is necessary to associate the PUSCH of msgA and the received SSB. For FR1, although wide beam is used, association between PUSCH occasion and SSB can also be beneficial for gNB since it can reduce the power consumption for beam sweeping. One possible way is that a PUSCH occasion is associated with a given SSB. The association between SSB and PUSCH occasion is configured by SIB/MIB. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal 3: The time and frequency resource of PUSCH for msgA (PUSCH occasion) is associated with SSB
· The association between SSB and PUSCH occasion is configured by SIB/MIB

2.4. Resource allocation for PUSCH of msgA 
· Time/frequency domain resources
As discussed above, PUSCH occasion can be associated with SSB and/or PRACH. One or multiple PUSCH occasion can be associated with a given SSB/PRACH. For different PUSCH occasions, PUSCH resources in time/frequency domain with the same or different size of PRBs/time durations can be configured for a UE. In such case, PUSCH occasions with different resource size in time/frequency domain can be applicable for different TBS/MCS. 
Proposal 4: Multiple PUSCH occasions in time/frequency domain with the same or different size of time/frequency resources associated with a given SSB can be configured for 2-step RACH.

· Timing relationship between PRACH and PUSCH of msgA 
According to WID, the PRACH of msgA and PUSCH of msgA for 2-step RACH are TDMed. Based on this definition, it our understanding that the time domain resources for PRACH and PUSCH are non-overlapped in time, and the PRACH transmission is followed by the PUSCH transmission for msgA. The time domain resources for PRACH and PUSCH can be consecutive or non-consecutive in time. 
In case of unlicensed band, where channel access is allowed until LBT is successful, PRACH transmission followed by a PUSCH transmission for msgA in consecutive time resources are beneficial. In such case, since there is no time gap between PRACH and PUSCH transmissions, UE only needs to perform LBT once for both PRACH and PUSCH transmission. 
According to the preamble formats defined in Rel.15, for some preamble formats, there is a GT (guard time) after the preamble sequence(s) in a PRACH. Typically, there is no signal transmission during the GT considering the coverage requirement. However, if the GT is greater than 16us, there may be an issue when in unlicensed  band PRACH and PUSCH are transmitted using consecutive time domain resources, e.g. extra LBT would be needed between PRACH and PUSCH transmission. void introducing extra LBT before transmitting the PUSCH. Further study on how to handle this issue is needed.
In TDD case, there could be no available UL symbols within a UL period for both PRACH and PUSCH transmissions. Therefore, there could be a gap between the PRACH and PUSCH transmissions.
Proposal 5: For PRACH and PUSCH for msgA, consecutive and non-consecutive time domain resources for PRACH and PUSCH are allowed.

· TA for PUSCH

In legacy 4-step RACH, a UE transmits PRACH assuming TA is zero. There are CP and GT in PRACH to ensure the preamble detection at gNB side. Once gNB detects the preamble, gNB can estimate the TA for the UE transmitting preamble and provide the TA command in the RAR, i.e. msg2. UE will transmit msg3 PUSCH after UE obtains the RAR including TA from gNB. Unlike msg3 transmission, UE in 2-step RACH may has no TA information for msgA PUSCH transmission. Therefore, UE needs to transmit msgA PUSCH with TA hypothesis. The possible solutions for 2-step RACH are described as follows.
· Option 1: UE assumes TA=0 for msgA PUSCH transmissions as that for PRACH preamble.
· Option 2: UE assumes TA= available TA obtained from network for msgA PUSCH transmission.
For option 1, if UE is operating in the cell with large cell size, there could be interference among different UEs at gNB side. However, it is also noted that small cell is most promising for the application of 2-step RACH. If there is TA issue, option 1 is applicable for 2-step RACH, in case of msgA including PRACH preamble and PUSCH.
For option 2, UE may obtain the TA before RACH procedure, e.g. during a handover or in connected state. In such case, if UE is transmitting PRACH using TA=0 and PUSCH using non-zero TA, there could be ISI at gNB receiving. Therefore, option 2 can be adopted for 2-step RACH in case of Alt 2: msgA including PUSCH.
Proposal 6: For a UE in 2-step RACH procedure, following options are considered for msgA transmission.
· Opt.1: UE assumes TA=0 for PRACH and PUSCH of msgA, in case of msgA including PRACH preamble and PUSCH.
· Opt.2: UE assume TA=available TA for PUSCH of msgA, in case of msgA including PUSCH only.


2.5. MCS for PUSCH of msgA 
For PUSCH transmission of msgA, an appropriate MCS should be selected. Unlike msg3 transmission in 4-step RACH where MCS for msg3 PUSCH is scheduled by RAR grant, the MCS for msgA PUSCH transmission can be pre-configured by network. In this case, a conservative MCS would be needed to configure for 2-step RACH, in order to ensure the performance. However, if MCS is preconfigured, there is no flexibility for link adaptation and low resource utilization. An alternative is that a set of MCSs can be configured by broadcast signalling for 2-step RACH, from which UE can select one of the configured MCSs, e.g. based on the measurement on DL reference signal. In this case, gNB may needs to blindly detect PUSCH of msgA using the configured set of MCSs. In result, there could be larger complexity and processing delay. Therefore, further discussion on MCS selection for PUSCH of msgA is needed.
Proposal 7:  Further discuss MCS selection for PUSCH of msgA for 2-step RACH.

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the use cases of 2-step RACH and the channel structure of msgA for 2-step RACH. The observations and proposals are summarized below.
Observation 1: For UEs operating in small cell or during a handover, there could be no TA issue such that a PRACH transmission may not be necessary during 2-step RACH procedure. 

Proposal 1: Consider following use cases for 2-step RACH.
· Case 1: unlicensed band
· Case 2: small cell
· Case 3: handover
Proposal 2: Support following channel structure for msgA in 2-step RACH
· Alt 1: msgA including PRACH preamble and PUSCH
· Alt 2: msgA including PUSCH
Proposal 3: The time and frequency resource of PUSCH for msgA (PUSCH occasion) is associated with SSB
· The association between SSB and PUSCH occasion is configured by SIB/MIB
Proposal 4: Multiple PUSCH occasions in time/frequency domain with the same or different size of time/frequency resources associated with a given SSB can be configured for 2-step RACH.
Proposal 5: For PRACH and PUSCH for msgA, consecutive and non-consecutive time domain resources for PRACH and PUSCH are allowed.
Proposal 6: For a UE in 2-step RACH procedure, following options are considered for msgA transmission.
· Opt.1: UE assumes TA=0 for PRACH and PUSCH of msgA, in case of msgA including PRACH preamble and PUSCH.
· Opt.2: UE assume TA=available TA for PUSCH of msgA, in case of msgA including PUSCH.
Proposal 7:  Further discuss MCS selection for PUSCH of msgA for 2-step RACH.
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