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At the RAN1#98 meeting, the following agreements and conclusions were made regarding channel structure and procedure for two-step RACH [1]:
Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB
Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities
Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping
Agreements:
· The offline agreement 5.2.1 in R1-1909726 is agreed
Agreements:
· Any performance difference of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format (if supported and allowed to be configured differently), number of configured preambles (pool size), number of users attempting random access (traffic loads) and when applicable, power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.
Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.
Agreements:
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded

Further, the following agreement was made during email discussion. 
Agreement:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration
In the contribution, we provide evaluation results for 2-step RACH. Our views on channel structure and procedure for 2-step RACH are described in our companion contributions [2] and [3], respectively.
Performance evaluation of MsgA 
In this section, we discuss candidate time and frequency resource size of MsgA PUSCH transmission and provide link level simulation of MsgA, with primary focus on coverage analysis of MsgA PRACH and PUSCH, and maximum number of DMRS sequences for the definition of PUSCH resource unit. 
Time and frequency resource size of MsgA PUSCH 
To derive the candidate time and frequency resource of MsgA PUSCH occasion, first total number of REs can be determined based on payload size and MCS. Further, assuming the length of MsgA PUSCH transmission as defined in the default time resource allocation table [4], and considering the number of DMRS symbols with default configuration, number of PRBs for MsgA PUSCH transmission can be derived accordingly. 
Table 1 illustrates candidate MCS indexes and number of PRBs which can derive payload sizes of 56, 480 and 1032 bits for MsgA PUSCH occasion. In the table, it is assumed the number of symbols as 8, 10, 12 and 14. From the table, it can be observed that when carrying relatively small payload, the number of PRBs allocated for MsgA PUSCH occasion can be limited with appropriate MCS. However, when MsgA PUSCH is used to carry relatively large payload, e.g., data packet, the number of RPBs can be large with small MCS index. 
[bookmark: _Ref1041417][bookmark: _Ref1041414]Table 1. Candidate MCS indexes and number of PRBs for MsgA PUSCH occasion
	Number of symbols
	Payload = 56 bits
	Payload = 480 bits
	Payload = 1032 bits

	
	MCS 
indexes
	Number of PRBs
	MCS indexes
	Number of PRBs
	MCS 
indexes
	Number of PRBs

	8
	[0 2 5]
	[3 2 1]
	[0 1 2 3 4 5 9 10 14]
	[28 21 17 13 11 9 5 5 3]
	[0 1 2 3 4 5 6 8]
	[59 45 37 28 23 19 16 12]

	10
	[1 4]
	[2 1]
	[0 1 2]
	[24 18 15]
	[0 1 2 3 4 5 6 8 9 10 11 12 15]
	[50 39 32 24 20 16 14 10 9 9 8 7 5]

	12
	[0 3]
	[2 1]
	[1 3 5 6 11 14]
	[14 9 6 5 3 2]
	[0 1 2 3 7 8 9 10]
	[39 30 25 19 9 8 7 7]

	14
	[2]
	[1]
	[0 4 6 8]
	[15 6 4 3]
	[0 1 2 13]
	[32 25 20 4]



To reduce the potential resource overhead for MsgA PUSCH occasion and hence improve system level spectrum efficiency, it is more desirable to assign MsgA PUSCH occasion carrying relatively large payload with high MCS index, which can be mainly targeted for cell center UEs with good channel condition. In this case, the number of PRBs allocated for MsgA PUSCH occasion can be relatively small. 
MCL analysis of MsgA
Figure 1 illustrates the link level simulation results for required SNR for MsgA PRACH and PUSCH. In the simulations, the performance metrics are based on miss detection probability vs. MCL for MsgA PRACH and BLER vs. MCL for MsgA PUSCH. The simulation assumptions are outlined in Table 4 in the Appendix.
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[bookmark: _Ref4522711][bookmark: _Ref4522689]Figure 1. Required SNR for MsgA PRACH and PUSCH
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Based on the link level simulation results from the figures and assuming 1% misdetection probability target for MsgA PRACH and 10% BLER target for MsgA PUSCH, Table 2 shows the MCL analysis for MsgA PRACH (format 0 and A1) and PUSCH (carrying 56, 480 and 1032 bits), respectively.









[bookmark: _Ref7516640]Table 2. MCL analysis for MsgA PRACH and PUSCH
	Transmitter
	MsgA PRACH
(Format 0)
	MsgA PRACH
(Format A1)
	MsgA PUSCH
(56 bits)
	MsgA PUSCH
(480 bits)
	MsgA PUSCH
(1032 bits)

	(1) Tx power  (dBm)
	23 dBm
	23 dBm
	23 dBm
	23 dBm
	23 dBm

	Receiver
	

	(2) Thermal noise density (dBm/Hz) 
	-174 dBm/Hz

	(3) Receiver noise figure (dB)
	5 dB

	(4) Interference margin (dB)
	0 dB

	(5) Occupied channel bandwidth (Hz)
	1.08MHz
	2.08MHz
	0.36MHz
	2.16MHz
	7.2MHz

	(6) Effective noise power = 
(2) + (3) + (4) + 10log((5)) (dBm)
	-108.8dBm
	-105.9dBm
	-113.4dBm
	-105.7dBm
	-100.4dBm

	(7) Required SINR (dB)
(1% miss detection for PRACH, 10% BLER for PUSCH, 2 Rx antennas, TDL-A 30ns)
	-7.9 dB
	-3.1 dB
	1.5dB
	1.8dB
	0dB

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-116.7dBm
	-109dBm
	-111.9dBm
	-103.9dB
	-100.4dBm

	(9) Rx processing gain
	0
	0
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	139.7dBm
	131.9dBm
	134.9dBm
	126.9dBm
	123.4 dBm



Further, Table 3 shows the MCL difference between MsgA PRACH and PUSCH. In the table, positive value indicates that MsgA PRACH can achieve larger MCL compared to MsgA PUSCH. From the table, it can be observed that 
· Relatively large range of MCL difference between MsgA PUSCH and PRACH is observed, which depends on payload size carried by MsgA PUSCH, associated PRACH format, MCS and subcarrier spacing. For instance, for 2 Rx antennas, the MCL difference can range from -3 to 17dB. 
· For short PRACH format, when same subcarrier spacing is employed for the transmission of PRACH and PUSCH in MsgA, the coverage difference between PRACH and PUSCH can be relatively small. This may indicate that a large payload size, e.g., > 480 bits, can be carried by MsgA PUSCH for cell center UEs with good channel condition. 
[bookmark: _Ref4524000]Table 3. MCL difference between MsgA PRACH and PUSCH
	TDL-A 30ns
	2 Rx antennas
	4 Rx antennas

	
	Format 0
	Format A1
	Format 0
	Format A1

	PUSCH, 56 bits
	5 dB
	-3 dB
	6.5 dB
	-3 dB

	PUSCH, 480 bits
	13 dB
	5 dB
	14.5 dB
	6 dB

	PUSCH, 1032 bits
	17 dB
	9 dB
	18.5 dB
	10 dB

	TDL-C 300ns
	2 Rx antennas
	4 Rx antennas

	
	Format 0
	Format A1
	Format 0
	Format A1

	PUSCH, 56 bits
	6 dB
	-1.5 dB
	7 dB
	-1 dB

	PUSCH, 480 bits
	14 dB
	6.5 dB
	14.5 dB
	6 dB

	PUSCH, 1032 bits
	16 dB
	8.5 dB
	17.5 dB
	9 dB



Observation 1
· Relatively large range of MCL difference between MsgA PUSCH and PRACH is observed, which depends on payload size carried by MsgA PUSCH, associated PRACH format, MCS, allocated resource and subcarrier spacing.
· For short PRACH format, when same subcarrier spacing is employed for the transmission of PRACH and PUSCH in MsgA, the coverage difference between PRACH and PUSCH can be relatively small. This may indicate that a large payload size, e.g., > 480 bits, can be carried by MsgA PUSCH for cell center UEs with good channel condition. 
MsgA PUSCH resource unit
In this section, we provide simulation results of MsgA PUSCH, which aim to investigate the maximum number of DMRS sequences for the definition of PUSCH resource unit for CP-OFDM waveform. As agreed in the RAN1#98 meeting, for the definition of PUSCH resource unit, support both DMRS ports and DMRS sequences at least for CP-OFDM. It is further study the maximum number of DMRS sequences for CP-OFDM waveform [1]. The main motivation of considering DMRS AP or sequence as a part of MsgA PUSCH resource is to increase overall capacity of MsgA in 2-step RACH by employing NOMA-like operations. It should be noted that DMRS sequence generation mechanism for MsgA PUSCH should follow Rel-15. For CP-OFDM waveform, PN sequence is employed for the DMRS sequence generation for PUSCH transmission. 
In the simulations, it is assumed that for random DMRS AP selection, UE selects DMRS AP randomly; while for same DMRS AP, UE selects the same DMRS AP for the transmission of MsgA PUSCH. The simulation assumptions are outlined in Table 5 in the Appendix.
Figure 2 illustrates link level simulation results when same or different DMRS sequences are employed. From the figures, it can be observed that for random DMRS AP selection (left figure), link level performance can be improved when using different DMRS sequences among UEs. However, when the number of UEs are relatively large, e.g., 4, performance degradation, i.e., error floor can be observed. 
Further, in the extreme case where all UEs select the same DMRS AP for PUSCH transmission (right figure), substantial performance degradation can be observed when 4 UEs transmit PUSCH in the same resource, regardless of whether same or different DMRS sequences are applied. Hence, in our view, it is more desirable to limit the maximum number of DMRS sequences to 2 to ensure decent link level performance for MsgA PUSCH. 
[image: ] [image: ]
[bookmark: _Ref16501716]Figure 2. Link level simulation results for DMRS sequences
 
Observation 2
· When all UEs select the same DMRS AP for PUSCH transmission, substantial performance degradation can be observed when 4 UEs transmit PUSCH in the same resource, regardless of whether same or different DMRS sequences are applied
Proposal 1
· For the definition of PUSCH resource unit, the maximum number of DMRS sequences is 2 for CP-OFDM waveform.
 
Conclusions
In this contribution, we provided evaluation results for 2-step RACH. Based on the results, we summarize the observations and proposals as follows:
Observation 1
· Relatively large range of MCL difference between MsgA PUSCH and PRACH is observed, which depends on payload size carried by MsgA PUSCH, associated PRACH format, MCS, allocated resource and subcarrier spacing.
· For short PRACH format, when same subcarrier spacing is employed for the transmission of PRACH and PUSCH in MsgA, the coverage difference between PRACH and PUSCH can be relatively small. This may indicate that a large payload size, e.g., > 480 bits, can be carried by MsgA PUSCH for cell center UEs with good channel condition. 
Observation 2
· When all UEs select the same DMRS AP for PUSCH transmission, substantial performance degradation can be observed when 4 UEs transmit PUSCH in the same resource, regardless of whether same or different DMRS sequences are applied
Proposal 1
· For the definition of PUSCH resource unit, the maximum number of DMRS sequences is 2 for CP-OFDM waveform.
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Appendix: Simulation Assumptions
[bookmark: _Ref4518661]Table 4. Link-level evaluation assumptions for MCL analysis
	Parameters
	Values

	Scenario
	200m, UMi, 4 GHz

	Preamble format
	Format 0 and A1

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz at 4GHz

	TBS
	56, 480, 1032 bits

	MCS and Resource size
	56 bits: 1 PRB, MCS index = 2
480 bits: 6 PRB, MCS index = 4
1032 bits: 20 PRB, MCS index = 2

	Number of UEs
	1 as a starting point;

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx and 4Rx

	Propagation channel & UE velocity
	TDL-A 30ns,  TDL-C 300ns, 3km/h

	Timing offset
	Uniform [0, RTT]. 

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	Max number of HARQ transmission
	1 

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation.

	 Target BLER
	10% for 1st transmission of msgA as starting points. 

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate, e.g. 0.1%;
2) BLER vs. SNR; MCL can be reported using link budget calculations.



[bookmark: _Ref7429129]Table 5. Link-level evaluation assumptions for the PUSCH resource unit definition
	Parameters
	Values

	Scenario
	200m, UMi, 4 GHz

	Preamble format
	Format A1

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz at 4GHz

	TBS, PRB number
	56 bits, 2 PRBs

	Number of UEs
	1 and 2

	UE antenna configuration/
gNB antenna configuration
	1Tx/2Rx

	Propagation channel & UE velocity
	TDL-A 30ns, TDL-C 300ns, 3km/h

	Timing offset
	Uniform [0, RTT]. 

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	Max number of HARQ transmission
	1 

	Receiver
	MMSE-IRC + Hard IC for collision case

	Channel estimation
	Realistic based on DMRS or PRACH + TO/FO estimation.

	Number of DMRS symbols
	2
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