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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN #82 meeting, a new WID regarding “2-step RACH for NR” was approved. The objectives of WID is as followed. In this contribution, we discuss and present our views on the procedures for 2-step RACH, including the transmission of msgA and msgB for 2-step RACH, potential fallback procedure for 2-step RACH, and power control for msgA. 
	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. Procedure of 2-step RACH 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As discussed in [2], 2-step RACH can be applied for the following use cases, where it brings the advantages of reduced delay for RACH transmission, reduced signaling overhead, for both licensed and unlicensed bands. 
· Case 1: unlicensed band
· Case 2: small cell
· Case 3: handover
[bookmark: OLE_LINK17][bookmark: OLE_LINK20]In the first step of 2-step RACH, msgA is transmitted from UE. 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. Along with PRACH, a PUSCH carrying at least contention resolution ID is transmitted using the indicated PUSCH resource, as shown in Figure 1. The discussion of PUSCH resource can be referred to [2]. 
In case of small cell deployment, the transmission propagation delay is quite small such that there is no TA issue for the UEs operating in small cell. In this case, UE can start RACH procedure with msgA PUSCH assuming TA=0 and no PRACH is transmitted in msgA, as shown in Figure 2. The PUSCH of msgA includes at least a contention resolution ID. There can be similar procedure of msgA transmission for the case of handover where the TA of target cell is informed by network. In this case, UE can start RACH transmission with msgA PUSCH assuming the TA of target cell such that there could be less power consumption due to no PRACH transmitted in msgA. 
In case of unlicensed band, UE can start RACH transmission with msgA PUSCH. UE needs to perform LBT to sense the channel to be idle before it can start a UL transmission in unlicensed band. Therefore, when a UE is transmitting PUSCH using the unlicensed band, other UEs who would start RACH transmission may not be able to access the channel during this time. In other words, the number of UEs simultaneously transmitting UL transmission is small. Therefore, there would not be impact on the receiving performance at gNB side if gNB detects only PUSCH transmission for msgA.
Proposal 1: Support following procedure as the first step of 2-step RACH,
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]Case 1: transmission of msgA including PRACH preamble and PUSCH
· Case 2: transmission of msgA including PUSCH

For msgA, contention resolution ID from higher layer is included in the msgA PUSCH. Once gNB receives a msgA including the contention resolution ID, gNB will transmit RAR in msgB including the detected contention resolution ID. The details of RAR can be discussed further.
Proposal 2: For 2-step RACH, 
· A msgA at least includes a contention resolution ID from higher layer.
· A msgB at least includes the detected contention resolution ID.




[bookmark: _Ref1120084]Figure 1. Case 1: 2-step RACH procedure with msgA (PRACH and PUSCH) and msgB


[bookmark: _Ref1119821]Figure 2. Case 1: 2-step RACH procedure with msgA (PUSCH) and msgB

2.2. Potential fallback for 2-step RACH
For a UE in 2-step RACH procedure, UE may not receive msgB corresponding to the transmitted contention resolution ID in msgA from gNB after UE transmitted the msgA. From gNB’s perspective, gNB may respond to the RACH transmission depending on the detection of msg. 
Case 1: gNB fails to detect PRACH
Case 2: gNB detects the PRACH of msgA but fails to decode the PUSCH of msgA
For case 1, gNB will not respond any signal for UE. If UE does not receive response from gNB, UE needs to perform RACH transmission again. In this case, UE may start a 2-step RACH procedure to pursue the benefits of 2-step RACH, or start a legacy 4-step RACH procedure to improve the probability of completion for RACH procedure. 
For case 2, gNB may respond msgB corresponding to the detected PRACH while no contention resolution ID will be included in msgB. If UE receives msgB that does not match the contention resolution ID in msgA, UE needs to restart the RACH procedure. In this case, UE may restart a 2-step RACH procedure to pursue the benefits of 2-step RACH, or fall back to 4-step RACH procedure to start a msg3 transmission if a RAR grant is included in msgB. More details of fallback procedure for 2-step RACH can be found in [3].
Proposal 3: For 2-step RACH, consider following procedures if RACH procedure is not completed
· Alt. 1: UE restarts 2-step RACH with msgA transmission
· Alt. 2: UE switches to 4-step RACH with msg1 or msg3 transmission

2.3. [bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Power control for msgA
According to WID, Rel-15 NR PRACH Preambles is reused for msgA PRACH. In 2-step RACH, a msgA PRACH is similar to the PRACH of msg1 in legacy 4-step RACH. Therefore, the UL power control behaviors defined in Rel.15 for PRACH can be adopted for transmission power control of msgA PRACH. 
Regarding PUSCH of msgA, the power control parameters including P0 and alpha need to be preconfigured. In legacy 4-step RACH, power control parameter P0 for msg3 transmission is determined according to the preambleReceivedTargetPower [4] and msg3-DeltaPreamble if provided by higher layer. Similar mechanism can be adopted for the determination of P0 for msgA PUSCH transmission. For a PUSCH transmission of msgA, P0 is determined by the received target power of preamble and an offset relative to preamble transmission, where the offset relative to preamble transmission for PUSCH of msgA is configured by higher layer. If the offset relative to preamble transmission for PUSCH of msgA is not provided, P0 for msgA PUSCH transmission is equal to that for PRACH transmission.
In 4-step RACH, power control parameter alpha for msg3 transmission is equal to 1, or configured by higher layer parameter msg3-Alpha if provided. Similar mechanism can be adopted for the determination of alpha for msgA PUSCH transmission, i.e. alpha for a PUSCH transmission of msgA is equal to 1, or configured by higher layer if provided.
[bookmark: OLE_LINK11]Proposal 4: Mechanism to determine P0 and alpha for msg3 transmission of 4-step RACH can be reused for msgA PUSCH transmission of 2-step RACH
· P0 for a PUSCH transmission of msgA is determined by the received target power of preamble, and an offset relative to preamble transmission if provided.
· Alpha for a PUSCH transmission of msgA is equal to 1, or configured by higher layer if provided.

[bookmark: OLE_LINK23]Regarding the pathloss for power control, it is a downlink pathloss estimate in dB calculated by the UE using the RS. Before RRC connection, UE is not provided PUSCH-PathlossReferenceRS by higher layer. In such case, UE needs to estimate the pathloss based on using a RS resource from SSB. The SSB used for pathloss estimation is the SSB associated with PRACH transmission, or the SSB associated with the PUSCH occasion for msgA PUSCH transmission as discussed in [2]. 
Proposal 5: For a PUSCH transmission of msgA, pathloss is calculated using a RS resource from the SSB which is 
· associated with the PRACH transmission, in case of msgA including preamble and PUSCH, or 
· associated with the PUSCH occasion for the PUSCH transmission, in case of msgA including PUSCH.

In 4-step RACH, if UE transmits a PRACH but does not receive a RAR corresponding to the PRACH transmission, UE may ramp up the transmission power of PRACH. Similarly, in 2-step RACH, transmission power of msgA PRACH can be ramped up if UE transmits a msgA PRACH but does not receive a msgB corresponding to the msgA transmission. 
For msg3 transmission of 4-step RACH, transmission power of msg3 PUSCH can be adjusted based on the power ramp-up parameter provided by higher layer and the TPC command indicated in RAR grant. Regarding msgA PUSCH transmission, there is no TPC command indicated by RAR grant for msgA PUSCH. Therefore, power adjustment for msg3 PUSCH is not applicable for msgA PUSCH. The transmission power of msgA PUSCH is adjusted based on the power ramp-up parameter provided by higher layer. If UE transmits a msgA but does not receive a RAR corresponding to the msgA transmission, UE may need ramp up both the transmission power of PRACH and PUSCH for msgA. 
Proposal 6: When transmitting msgA, UE may ramp up both the transmission power of PRACH and transmission power of PUSCH for msgA.
[bookmark: _GoBack]
3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on 2-step RACH procedure and power control for msgA. The observations and proposals are summarized below.
Proposal 1: Support following procedure as the first step of 2-step RACH,
· Case 1: transmission of msgA including PRACH preamble and PUSCH
· Case 2: transmission of msgA including PUSCH
Proposal 2: For 2-step RACH, 
· A msgA at least includes a contention resolution ID from higher layer.
· A msgB at least includes the detected contention resolution ID.
Proposal 3: For 2-step RACH, consider following procedures if RACH procedure is not completed
· Alt. 1: UE restarts 2-step RACH with msgA transmission
· Alt. 2: UE switches to 4-step RACH with msg1 or msg3 transmission
Proposal 4: Mechanism to determine P0 and alpha for msg3 transmission of 4-step RACH can be reused for msgA PUSCH transmission of 2-step RACH
· P0 for a PUSCH transmission of msgA is determined by the received target power of preamble, and an offset relative to preamble transmission if provided.
· Alpha for a PUSCH transmission of msgA is equal to 1, or configured by higher layer if provided.
Proposal 5: For a PUSCH transmission of msgA, pathloss is calculated using a RS resource from the SSB which is 
· associated with the PRACH transmission, in case of msgA including preamble and PUSCH, or 
· associated with the PUSCH occasion for the PUSCH transmission, in case of msgA including PUSCH.
Proposal 6: When transmitting msgA, UE may ramp up both the transmission power of PRACH and transmission power of PUSCH for msgA.
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