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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #96 meeting, there were discussion regarding 2-step RACH procedure and following agreements were made [1]. In this contribution, we discuss and present our views on the related procedure of 2-step RACH, including the relationship between 2-step RACH and 4-step RACH, potential fallback procedure for 2-step RACH. Besides, power control for PUSCH of msgA will also be discussed.
	Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH

Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH
Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH




2. [bookmark: OLE_LINK6]Discussion
2.1. Procedure of 2-step RACH 
2.1.1. Relationship between 2-step RACH and 4-step RACH
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]When 2-step RACH and 4-step RACH are both configured, gNB needs to differentiate the msgA from 2-step RACH and msg1 from 4-step RACH. In RAN1 #96, following options were proposed for the relation of PRACH resources between 2-step and 4-step RACH. 
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
In case of legacy UE and Rel.16 UE in a cell, it is necessary to avoid impact on the legacy UEs performing 4-step RACH procedure. One solution is that the PRACH resources for legacy 4-step RACH are separate from those for 2-step RACH, such that the msg1 from 4-step RACH can be identified by gNB. In other words, PRACH resources between 2-step RACH and 4-step RACH are in separate PRACH occasions and/or with separate preambles, i.e. option 1 or option 2.
[bookmark: OLE_LINK45]For option 1, if a preamble on a PRACH occasion of 4-step RACH is detected by gNB, gNB will transmit msg2 such that the legacy UEs are able to detect the DCI with CRC scrambled by RA-RNTI scheduling the PDSCH carrying corresponding RAR. If a preamble on a PRACH occasion of 2-step RACH is detected by gNB, gNB will transmit msgB. In this case, the legacy UEs will not detect the DCI with CRC scrambled by the RA-RNTI which corresponds to the RO of 2-step RACH only. Therefore, there is no issue for legacy UEs. On the other hands, Rel. 16 UEs who perform 2-step RACH will detect the DCI with CRC scrambled by RA-RNTI which corresponds to the RO of 2-step RACH. The drawback of option 1 is limited flexibility for RACH configuration, especially when PRACH resources are limited.
For option 2, if a preamble of 4-step RACH and a preamble of 2-step RACH on a PRACH occasion are detected by gNB, gNB may transmit both msg2 and msgB. The DCI scheduling PDSCH carrying either msg2 or msgB is scrambled by RA-RNTI which corresponds to the PRACH occasion, such that legacy UE may detect the DCI for PDSCH carrying msgB and interpret it as msg2. It will cause unexpected error for legacy UEs. For Rel. 16 UE, if a DCI with RA-RNTI is detected, the UE is not able to distinguish whether the scheduled PDSCH is related to msg2 or msgB. Therefore, in this case, differentiation between msg2 and msgB for both legacy UE and Rel. 16 UE is needed.
Proposal 1:  Support at least option 1 for the relation of PRACH resources between 2-step and 4-step RACH
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· FFS Option 2: Shared RO but separate preambles for 2-step and 4-step RACH

If option 2 is supported, differentiation between msgB and msg2 is needed. There are following possible options for this issue. 
· Option1: New RA-RNTI for msgB
· Option2: Reinterpretation of reserved field in DCI format 1_0 for scheduling RAR 
· Option3: Explicit/implicit indication in MAC layer for msgB or msg2 multiplexed in one PDSCH
 
For option 3, in order not to introduce impact on legacy UE and maintain backward compatibility, indication in MAC layer for msg2 is not feasible. For option 2, it still may impact the legacy UE since it will not be able to interpret the DCI for scheduling RAR if some fields are reinterpreted. Compared to other options, a new RA-RNTI determination for DCI scheduling msgB seems reasonable such that DCI format for scheduling msgB can also be different from that for msg2.

msgB response window
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Unlike the random access response window for 4-step RACH, the random access response window for 2-step RACH should be separate configured. Since gNB may need more time to process msgA including PRACH and PUSCH, a random access response window for 2-step RACH may be longer than that for 4-step RACH. Besides, the start timing of the random access response window for 2-step RACH can be different from that for 4-step RACH, i.e. PUSCH transmission of msgA should be taken into account. The random access response window for 2-step RACH will start after the transmission of PUSCH of msgA. To be more specific, random access response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA.

Proposal 2:  Random access response window for 2-step RACH should be separate configured 
· The random access response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA.


2.1.2. Fallback procedure 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. 
For case 2, gNB may respond RAR by msgB or msg2 corresponding to the detected PRACH while no contention resolution ID will be included in RAR. If UE receives RAR that does not match the contention resolution ID in msgA, UE will consider RACH procedure is not completed. 


[bookmark: _Ref4782541]Figure 1. Example of fallback procedure from 2-step RACH to 4-step RACH transmission



[bookmark: _Ref1166465]Figure 2. Example of fallback procedure with restarting 2-step RACH transmission

During the RACH procedure, after UE transmitted a PRACH, the UE may not receive RAR corresponding to the PRACH. The possible reasons are that the UE does not detect the DCI format with CRC scrambled by the corresponding RA-RNTI or the UE does not correctly receive a corresponding RAR within a window with the length configured by ra-ResponseWindow. In 4-step RACH, if UE does not receive RAR that matches the transmitted preamble within the window, UE may transmit PRACH again after a random backoff time. 
In 4-step RACH, if UE receives RAR that matches the preamble transmitted in the PRACH, UE would transmit msg3 PUSCH carrying a contention resolution ID according to the RAR grant. After that, UE may not detect a DCI format 1_0 with CRC scrambled by the corresponding TC-RNTI scheduling a PDSCH that includes the UE contention resolution ID. In such case, UE would consider the RACH procedure is not successfully completed and transmit PRACH again after a random backoff time.
In case of 2-step RACH, a UE transmits msgA including PRACH carrying a preamble and PUSCH carrying a contention resolution ID. If gNB detects the PRACH but does not correctly decode the PUSCH of msgA, gNB may response a RAR without the contention resolution ID. In this case, either a RAR of msgB for 2-step RACH or a RAR of msg2 for legacy 4-step RACH can be transmitted by gNB. After that, the UE would attempt to detect a DCI with CRC scrambled by the corresponding RA-RNTI scheduling a PDSCH carrying RAR.
If UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, UE may consider the 2-step RACH procedure is not completed. UE may transmit msgA including PRACH and PUSCH again. The mechanism of backoff for PRACH transmission if RACH procedure is not completed in 4-step RACH can be adopted for the case of 2-step RACH. An alternative way is that UE performs fallback procedure to 4-step RACH and transmits msg3 PUSCH according to the RAR grant, if a UL grant is included in the RAR. An example is shown in Figure 1.
[bookmark: OLE_LINK1]If UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window, UE may consider the PRACH is not detected by gNB. Therefore, UE may continue 2-step RACH procedure and transmit msgA including PRACH and PUSCH again after a backoff time, or fallback to 4-step RACH procedure and transmit msg1 including PRACH after a backoff time. An example is shown in Figure 2.

Observation 1: For a UE performing 2-step RACH procedure, following cases may occur after a msgA transmission.
· UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, 
· UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window

[bookmark: OLE_LINK22]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

2.2. [bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]UL Power control for msgA
Power control parameter
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 [3] 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 of msgA.

Power rampping
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]For 4-step RACH, if within a random access response window, the UE does not receive a RAR that contains a RAPID corresponding to the preamble sequence transmitted by the UE, the UE may ramp up the transmission power of PRACH for a subsequent PRACH transmission. 
Similarly, for 2-step RACH, if UE transmits a msgA PRACH but does not receive a msgB corresponding to the msgA transmission, UE may need to adjust the transmission power of msgA including PRACH and PUSCH. To improve the performance, both the transmission power of PRACH and PUSCH for msgA should be increased. The power ramping for PRACH in Rel.15 can be reused for msgA PRACH for 2-step RACH, i.e. transmission power of PRACH is determined based on PREAMBLE_POWER_RAMPING_COUNTER and PREAMBLE_POWER_RAMPING_STEP.

On the other hands, transmission power of msgA PRACH should be ramped up without . 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 mechanism of power ramping for PRACH can be reused for transmission power adjustment of msgA PUSCH, i.e. UE determines the power according to the power ramping counter and power ramping step. The question is that whether to have separate power ramping counter and power ramping step for PUSCH of msgA from PRACH. In case of 2-step RACH for DC case, there could be overlapping in time between the PRACH of msgA in PCell and PRACH of msgA in PScell such that one of the collided PRACH should be dropped if power is limited. In such case, transmission power of PUSCH does not need to be ramped up. However, if a common power ramping counter is used for PRACH and PUSCH, the power of PUSCH would be ramped up unnecessarily. For power ramping for PUSCH of msgA, further discussion and RAN2 input are needed.
Proposal 6: When transmitting msgA, UE may ramp up both the transmission power of PRACH and transmission power of PUSCH for msgA.
· Further discussion on power ramping counter and power ramping step for PUSCH of msgA. RAN2 input will be needed.


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.
Observation 1: For a UE performing 2-step RACH procedure, following cases may occur after a msgA transmission.
· UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, 
· UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window

Proposal 1:  Support at least option 1 for the relation of PRACH resources between 2-step and 4-step RACH
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· FFS Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
Proposal 2:  Random access response window for 2-step RACH should be separate configured 
· The random access response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA.
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 of msgA.
Proposal 6: When transmitting msgA, UE may ramp up both the transmission power of PRACH and transmission power of PUSCH for msgA.
· Further discussion on power ramping counter and power ramping step for PUSCH of msgA. RAN2 input will be needed.
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