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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:
· 2-step RACH shall be able to 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;
· 2-step RACH procedures are contention-based;
· No new triggers for 2 step RACH (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).
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 contents of msgA:
· to include the equivalent contents of msg3 of 4-step RACH;
· inclusion of UCI in msgA is not precluded.
· Specify power control of PUSCH in msgA
· Design for msgB
· Specify the payload contents of msgB:
· to include the equivalent contents of msg2 and msg4 of 4-step RACH;
·  Design of RNTI for msgB of 2-step RACH. 
· Design contention resolution procedures for 2-step RACH. 
· Design fall-back procedurse from 2-step RACH to 4-step RACH.
In this contribution, we discuss the procedures related to 2-step RACH, targetting both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1). The channel structure design aspects for two-step RACH are discussed in a companion paper [2].



2. 	Contents and Payload Size Considerations 
Figure 1 shows an example of two-step RACH procedure. 
· 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. 
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Figure 1:  Example of Two-Step RACH Procedure

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 of the WI [1], msgA will re-use 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 [3]. Based on the use cases of two-step RACH, the payload size can range from a few bytes to 1000 bits. The exact contents of msgA and msgB will be decided by RAN2 [1].

Table 1: Physical Signals and Channels Employed by Two-Step RACH
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Therefore, we have the following proposal:
Proposal 1:  In order to support two-step RACH in all RRC modes and any cell size specified in NR Rel-15, the following objectives should be supported:
· msgA of two-step RACH should carry the equivalent content of msg3 in four-step RACH; 
· msgA should support all preamble formats specified in NR, for both small cells and large cells;
· msgB should enable the completion of two-step 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. 	Resource Allocation
The resource allocation for msgA should be configurable, which is able to support different preamble formats (long and short PRACH sequences), different payload size (up to 1000 bits) and configurable MCS [1].
The resource allocation for msgB should also be configurable, which depends at least on the contents/payload size, cell coverage and beam management procedures.
In this section, we focus on the discussion of msgA.
3.1   RACH Occasion for msgA Preamble
Similar to msg1 transmission in four-step RACH, the pool of preamble sequences can be partitioned into mutually exclusive subsets, and the index of each subset can be associated with different cases of msgA transmission, including: RRC mode, payload size, MCS, traffic load and QoS. 
In NR Rel-15, the RACH occasion (RO) of msg1 is associated with a suitable SSB beam. In two-step RACH, the transmission of msgA preamble can re-use the beam association rule of four-step RACH.
Examples of two-step RACH RO configuration options are shown in Table 2. To preserve the beam correspondence between SSB and RACH, the ROs dedicated to two-step RACH can be FDMed with the legacy ROs assigned to four-step RACH.

Table 2: Examples of Two-Step RACH RO Configurations
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Therefore, we have the following proposal:
[bookmark: _Hlk1048083][bookmark: _Hlk1004634]Proposal 2: NR should support flexible configuration for two-step and four-step ROs, including sharing ROs as well as partitioned ROs. 

3.2   RACH Occasion for msgA Payload
RO for msgA payload can be defined with respect to the RO of msgA preamble, as shown by Figure 2. In addition, the size of ResourceSet for payload should be configurable, since the payload size may range from a few bytes up to a few hundred bytes, and the MCS selection will depend on the coverage, traffic load and QoS.
Therefore, we have the following proposal:
Proposal 3: In two-step RACH, the RACH occasions of msgA payload can be defined with respect to those of msgA preamble. The resource allocations for msgA payload should be configurable to support different payload size, traffic load and MCS. 
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Figure 2: Resource Mapping and RO Configuration for msgA Payload


3.3   Resource Allocation Considerations for msgA 
Figure 3 shows the spectral efficiency (per UE) for different choices of resource allocation. In this experiment, the payload size is in the range of 10 bytes to 200 bytes, the DMRS overhead is 1/7, and the number of PRBs allocated for PUSCH is in the range of 6 to 24 PRBs.  Assume the target spectral efficiency is 0.5 bits/symbol (achievable by BPSK/CR=0.5 or QPSK/CR=0.25), a payload size of 125 bytes (excluding CRC) requires approximately 15 PRBs and 1 slot, while a payload size of 50 bytes requires approximately 7 PRB and 1 slot. 
In practice, not only the payload size, but also the traffic load and multi-user interference need to be accounted for in specifying the MCS and time/frequency resources for two-step RACH. Therefore, the results in Figure 3 indicate the minimum BW required for a given payload, assuming the msgA payload spans one slot in time domain. On the other hand, if multi-slot aggegration is allowed, less BW is required to support a given payload size at the same spectral efficiency. For example, 6 PRBs and 2.5 slots can be considered for 125 bytes.
Therefore, we have the following observation:
Observation 1:  For two-step RACH specified in NR Rel-16, it should support flexibile configuration of payload size and MCS for msgA. Speficially,
· Payload size up to 125 bytes should be supported.
· Payload size up to 200 bytes can be supported.
· Low-order modulation such as pi/2 BPSK, BPSK and QPSK should be supported. 
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Figure 3: Payload Size, PUSCH BW and Corresponding Spectral Efficiency (DMRS Overhead: 1/7) 

4. 	Power Control Procedures for msgA 
Open loop power control (OLPC) will be used for the first transmission of preamble and payload. The power ramping procedures specified for msg1 retransmission in NR Rel-15 can be considered for msgA preamble/payload retransmissions as well. In addition, different P0 targets, power control offsets and pathloss compensation schemes can be considered for preamble and payload transmission. In addition, the power control parameters for msgA payload can be dependent on the RRC mode, bandwidth, payload size, traffic load and cell coverage.
Proposal 4: The following design aspects of power control procedures need to be considered for msgA transmission in two-step RACH:
· OLPC should be used for the transmission of msgA preamble and payload;
· power ramping procedures specified for msg1 in NR Rel-15 can be considered for msgA preamble/payload retransmission as well;
· different P0 targets, power ramping offsets and pathloss compensation schemes can be considered for preamble and payload;
· power control parameters for msgA payload can be dependent on the RRC mode, bandwidth, payload size, traffic load and cell coverage;
· when preamble and payload transmission of msgA use different beams, the beam relations need to be considered for beam-specific power ramping;
· when msgA retransmissions are associated with beam switching, power ramping procedures should be considered jointly with beam switching procedures. 

5. 	Timing Control Procedures for msgA 
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].
· Option 1: UE can apply a timing adjustment, say , based on DL measurements for RSRP and/or positioning.   can be applied to both preamble and payload of msgA, as shown in Figure 4; or to preamble part of msgA only, as shown by Figure 5. The positioning mesurements can be based on SSB/SIB, or additional RS such as PRS and CSI-RS. 
· Option 2: gNB can estimate the timing offset of UL transmission by processing the msgA preamble. Based on the timing estimation, gNB can perform timing adjustment and/or UE grouping. Different processing windows can be applied to UE groups characterized by different size of timing offset, as shown in Figure 6.
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Figure 4: UE Assisted Timing Adjustment for Both Preamble and Payload of msgA
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Figure 5: UE-Assisted Timing Adjustment for Preamble of msgA Only

[image: ]
Figure 6: Timing Offset Estimation and Adjustment by gNB

Proposal 5: Both UE-assisted timing adjustment and gNB-assisted timing adjustment can be applied to msgA. For UE-assisted timing adjustment, the UL timing offset estimation can be obtained from DL measurements. For gNB-assisted timing adjustment, the UL timing offset can be obtained at least from the msgA preamble processing.

6. 	Fall-back Procedures
Two-step RACH and four-step RACH are complementary RACH procedures. Fall-back procedures can be triggerd by the events of Table 3.

Table 3: Trigger Events of Fall-back 
	Trigger Events
	gNB Behaviors
	UE Behaviors

	RAR Timer Expiration
	· Processing msgA preamble and payload;
· Sending contention resolution information to UE if both preamble and payload detection are successful;
	· UE transmiting msgA and monitoring RAR within a pre-configured RAR window; 
· UE re-attempting two-step RACH after the expiration of RAR timer;
· UE keepig an accumulative timer for the RAR window;
· UE continuing monitoring RAR before the expiration of the timer;

	Counter Overflow
	· Processing msgA preamble and payload;
· Sending contention resolution information to UE if both preamble and payload detection are successful;
	· UE transmiting msgA and monitoring RAR within a pre-configured RAR window; 
· UE counting the number failing to decode msgB after msgA re-transmissions;

	Partial Detection of msgA
	· Successfully detecting msgA preamble but failing to decode msgA payload;
· Sending RAR with contention-resolution of preamble, as well as a grant for payload transmission;
	· UE transmitting msgA or re-attempting two-step RACH;
· UE monitoring RAR within a pre-configured RAR window; 

	Power Outage
	Processing msgA preamble and payload;
Sending contention resolution information to UE if both preamble and payload detection are successful;
	· UE transmiting msgA and monitoring RAR within a pre-configured RAR window; 
· UE power ramping both preamble and payload;
· UE reaching its peak power and failing to decode msgB after transmiting with its peak power for preamble/payload;



[bookmark: _Hlk1160676]Proposal 6: Two-step RACH can fall-back to four-step RACH. The fall-back procedures can be triggered by events such as RAR timer expiration, counter overflow, paritial detection of msgA, or power outage of UE.


7. 	Conclusions
In this contribution, the procedures related to two-step RACH, which target both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1), has been discussed. To conclude, we have the following observations and proposals:
Observation 1:  For two-step RACH specified in NR Rel-16, it should support flexibile configuration of payload size and MCS for msgA. Speficially,
· payload size up to 125 bytes should be supported.
· payload size up to 200 bytes can be supported.
· [bookmark: _GoBack]low-order modulation such as pi/2 BPSK, BPSK and QPSK should be supported. 

Proposal 1:  In order to support two-step RACH in all RRC modes and any cell size specified in NR Rel-15, the following objectives should be supported:
· msgA of two-step RACH should carry the equivalent content of msg3 in four-step RACH; 
· msgA should support all preamble formats specified in NR, for both small cells and large cells;
· msgB should enable the completion of two-step 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 2: NR should support flexible configuration for two-step and four-step ROs, including sharing ROs as well as partitioned ROs. 
Proposal 3: In two-step RACH, the RACH occasions of msgA payload can be defined with respect to those of msgA preamble. The resource allocations for msgA payload should be configurable to support different payload size, traffic load and MCS. 
Proposal 4: The following design aspects of power control procedures need to be considered for msgA transmission in two-step RACH:
· OLPC should be used for the transmission of msgA preamble and payload;
· power ramping procedures specified for msg1 in NR Rel-15 can be considered for msgA preamble/payload retransmission as well;
· different P0 targets, power ramping offsets and pathloss compensation schemes can be considered for preamble and payload;
· power control parameters for msgA payload can be dependent on the RRC mode, bandwidth, payload size, traffic load and cell coverage;
· when preamble and payload transmission of msgA use different beams, the beam relations need to be considered for beam-specific power ramping;
· when msgA retransmissions are associated with beam switching, power ramping procedures should be considered jointly with beam switching procedures. 
Proposal 5: Both UE-assisted timing adjustment and gNB-assisted timing adjustment can be applied to msgA. For UE-assisted timing adjustment, the UL timing offset estimation can be obtained from DL measurements. For gNB-assisted timing adjustment, the UL timing offset can be obtained at least from the msgA preamble processing.
Proposal 6: Two-step RACH can fall-back to four-step RACH. The fall-back procedures can be triggered by events such as RAR timer expiration, counter overflow, paritial detection of msgA, or power outage of UE.
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