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At the RAN1#96 meeting, the following agreements were made regarding channel structure and procedures for two-step RACH [1]:
Agreements
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP, reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)
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
Further, the following agreements were made during email discussion on link level simulation assumptions [2]:
Agreements:
· Adopt the link-level simulation assumptions in the following table for the initial evaluation of feasible payload size, and for the potential down-selection of schemes, e.g.
· whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning
· whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP
· the mapping scheme between preamble and PUSCH+DMRS, .e.g 1-to-1, multiple-to-1, or 1-to-multiple
· appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH
· whether to have UCI in msgA PUSCH, if a PUCCH transmission overlaps the PUSCH part of MsgA
· whether to dynamically adapt the payload size and indicate by UCI in msgA PUSCH, and if yes the content and structure of UCI
· FFS other schemes, e.g. whether guard band is included
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
· Note 2: the WID scope should be strictly followed when using the evaluation results for the comparison of schemes.

In the contribution, we discuss channel structure for 2-step RACH, with primary focus on configuration of MsgA PUSCH occasion, association between PRACH and MsgA PUSCH and link level performance evaluation of MsgA. Our view on 2-step RACH related procedure is described in our companion contribution [3].
Configuration of MsgA PUSCH occasion
In the first step of 2-step RACH, UE transmits the PRACH preamble and associated MsgA PUSCH on a configured time and frequency resource. In this section, we discuss the configuration of MsgA PUSCH occasion, including numerology, waveform, resource allocation in time and frequency, Tx beam, DMRS configurations and scrambling operation. 
Numerology and waveform
As agreed in the RAN1#96 meeting, two options can be considered for the numerology of MsgA PUSCH transmission [1]. For these two options, Alt. 1 is similar to Msg3 in 4-step RACH, where the numerology of MsgA PUSCH transmission follows the configuration in initial UL BWP or active UL BWP. While this straightforward mechanism may minimize the specification effort, it may not be appropriate for certain application, e.g., NR-U operation. 
For instance, when different numerologies are configured for PRACH and MsgA PUSCH, certain gap between PRACH and MsgA PUSCH can be expected due to numerology switching at UE side, which may not be desirable for NR-U operation. To avoid the time gap and subsequently reduce the number of LBT attempts for 2-step RACH, same numerology needs to be supported for PRACH and MsgA PUSCH, at least for NR-U operation. This can be either achieved by Alt. 2 or putting certain restriction on the numerology configuration for MsgA PUSCH. 
At the RAN1#96 meeting, it was agreed that both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in MsgA [1]. The indication of the waveform of MsgA PUSCH may simply follow that for Msg3 in 4-step RACH. More specifically, msg3-transformPrecoder configured in RACH-ConfigCommon can be reused for the waveform indication of MsgA PUSCH for 2-step RACH.
Proposal 1
· Numerology of MsgA PUSCH transmission follows the configuration in initial or active UL BWP.
· For NR-U operation, it may be desirable to configure same numerology for MsgA PUSCH and PRACH. 
· Waveform of MsgA PUSCH follows that of Msg3 PUSCH. 

Resource allocation of PUSCH occasion
Regarding the resource allocation of an MsgA PUSCH occasion, two options were discussed in the RAN1#96 meeting as follows [1]:
· Option 1: PUSCH occasions are separately configured from PRACH occasions
· Option 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion.
While Option 2 may potentially reduce signaling overhead by implicitly linking a PRACH occasion with an MsgA PUSCH occasion, it may not be desirable in term of flexibility on resource allocation. In particular, Option 2 may imply one to one or one to many mapping between PRACH and MsgA PUSCH occasion, which may lead to unnecessary reserved resource overhead. Note that even when relative time and/or frequency locations are specified or configured between a PRACH and MsgA PUSCH occasion, additional information with regards to time and frequency resource allocation of MsgA PUSCH occasion, e.g., time duration and frequency span needs to be configured, which may not substantially reduce signalling overhead. 
On the contrary, for Option 1, gNB can flexibly allocate or reserve the resource for MsgA PUSCH occasion. For instance, a subset of PRACH occasions may be associated with PUSCH occasion while remaining PRACH occasion may be used for conventional 4-step RACH, which can help reduce reserved resource overhead and hence improve system level spectrum efficiency. This can be achieved by explicit indication of association with a subset of PRACH occasion or configuring a longer periodicity of MsgA PUSCH occasion.  Hence, in our view, Option 1 is supported for resource allocation of an MsgA PUSCH occasion. Further, to provide full flexibility, for one PUSCH occasion, resource allocation is derived based on that of NR configured grant in principle. 
Proposal 2
· PUSCH occasions are separately configured from PRACH occasions.
· For one PUSCH occasion, it is derived based on resource allocation of NR configured grant in principle.

For MsgA PUSCH occasion in 2-step RACH, PUSCH mapping type, starting symbol and length can be considered as part of resource allocation in time domain. However, given that dynamic scheduling is not applied for MsgA PUSCH transmission, K2 is not needed. 
According to WID scope, PRACH preamble and MsgA PUSCH are multiplexed in a TDM manner [4]. In this case, a timing offset on a slot level between PRACH preamble and associated MsgA PUSCH transmission may need to be defined, especially for TDD system. More specifically, when semi-static TDD DL UL configuration is configured, it is likely that next slot after PRACH preamble is for DL slot, which cannot be allocated for associated MsgA PUSCH transmission in the first step of 2-step RACH. In this case, a slot offset is needed for MsgA PUSCH to be configured in the UL symbols or slots. 
Proposal 3
· Time domain resource allocation of an MsgA PUSCH occasion includes PUSCH mapping type, starting symbol and length, periodicity and slot offset between PRACH and associated MsgA PUSCH.  
For UEs without uplink synchronization, UE may follow the DL timing for the transmission of PRACH and MsgA PUSCH. This would allow gNB to first estimate the TA based on PRACH preamble and subsequently apply the estimated TA for MsgA PUSCH decoding. Note that depending on configured PRACH format, certain guard period needs to be reserved at the end of MsgA PUSCH transmission to avoid inter-symbol interference to other UL transmission. 
Figure 1 illustrates guard period reserved for MsgA PUSCH occasion. In the figure, it can be observed that for cell edge UEs, guard period is needed so as to ensure MsgA PUSCH transmission within slot boundary. This can be realized by configuring a shorter duration of MsgA PUSCH occasion by taking into account the guard period, i.e., MsgA PUSCH transmission is not across slot boundary. Alternatively, UE may determine the transmission duration of MsgA PUSCH based on configured length and guard period.  
[image: ]
[bookmark: _Ref536864905]Figure 1. Guard period reserved for MsgA PUSCH

For some PRACH formats, e.g., format 2, repetition is applied for the transmission of PRACH preamble, which is mainly employed for coverage enhancement. In order to match the coverage level of PRACH, it may be more desirable to consider repetition for MsgA PUSCH transmission. In particular, the repetition level can be configured as part of MsgA PUSCH occasion configuration. 
Proposal 4
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH format. 

For frequency domain resource allocation of MsgA PUSCH occasion, similar to the RAR UL grant of scheduling Msg3 in 4-step RACH, indication on whether frequency hopping is enabled/disabled, and starting PRB and length of PRBs can be configured by SIB. In addition, in case when intra-slot frequency hopping is enabled, frequency offset may be explicitly configured, which allows gNB to flexibly allocate the resource for transmission of other UL signals/channels in the system bandwidth. 
In case when payload size carried by MsgA PUSCH is relatively small, it may be more desirable to allocate the MsgA PUSCH occasion within associated PRACH occasion BW, which may help save signaling overhead of frequency domain resource allocation and enable coherent decoding of MsgA PUSCH. More specifically, gNB may first detect the PRACH and subsequently decode the PUSCH based on the estimated channel from PRACH. 
As discussed in the following section, when 56 bits payload is carried by MsgA PUSCH, the number of PRBs can be relatively small, e.g., 1, 2 or 3 PRBs with appropriate MCS, which may fit into PRACH transmission BW. In this case, only a few bits are needed to indicate the MsgA PUSCH occasion resource in frequency. 
Proposal 5
· Frequency domain resource allocation of an MsgA PUSCH occasion includes enabling/disabling frequency hopping, starting PRB and length of PRBs and frequency offset if frequency hopping is enabled. 

Tx beam
Note that same Tx beam for the transmission of PRACH preamble and MsgA PUSCH should be applied for FR2. In particular, PRACH and associated MsgA PUSCH in the first step of 2-step RACH are associated with a same SSB or CSI-RS resource if configured. For instance, for initial access, gNB can apply the same beam for PRACH detection and MsgA PUSCH decoding. In this case, same beam association rule between RACH occasion and SSB is defined for associated MsgA PUSCH occasion.
Proposal 6
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
· Same beam association rule between RACH occasion and SSB is defined for associated MsgA PUSCH occasion.  

DMRS configuration
To increase overall capacity of MsgA in 2-step RACH, MU-MIMO operations may be supported for the transmission of MsgA PUSCH. Towards this end, multiple DMRS APs can be defined for MsgA PUSCH transmission, which allows gNB to estimate the channel from different UEs when multiple UEs transmit the MsgA PUSCH in the shared physical resource. 
To reduce potential collision of DMRS APs and hence improve channel estimation performance, PRACH preamble sequence index may be linked to the DMRS AP. After successful detecting the PRACH preamble, gNB may derive the DMRS APs accordingly, subsequently estimate the channel and decode the MsgA PUSCH. 
Proposal 7
· DMRS AP of MsgA PUSCH transmission is associated with PRACH preamble sequence index. 

Scrambling 
In NR Rel-15, initialization seed for scrambling sequence generation for PUSCH transmission is defined as 

where  is the RNTI associated with PUSCH transmission, which corresponds to C-RNTI or TC-RNTI. 
For RRC_IDLE UEs, TC-RNTI or C-RNTI is not available when initiating 2-step RACH procedure. In this case, RA-RNTI or preamble index for the associated PRACH transmission can be employed for initialization of scrambling sequence for MsgA PUSCH. This may be beneficial for interference randomization, especially for case when multiple RACH occasions or multiple PRACH preamble within one PRACH occasion are associated with one MsgA PUSCH occasion. 
Proposal 8
· RA-RNTI or preamble index for associated PRACH transmission is applied for initialization of scrambling sequence for MsgA PUSCH.

Association between PRACH and MsgA PUSCH occasion
Similar to Group A and B for conventional 4-step RACH procedure, different MsgA PUSCH occasions may be configured for 2-step RACH and can be targeted for different applications and use cases. This may also depend on UE coverage status in the network. For instance, for cell edge UE, it may be more desirable to assign MsgA PUSCH with small number of PRBs and MsgA PUSCH can be used to carry relatively small payload size due to the coverage limitation. On the other hand, for cell center UE with good channel condition, it may be possible for MsgA PUSCH to carry relatively large payload for 2-step RACH, e.g., user data packet. 
Towards this end, multiple MsgA PUSCH occasions may be defined, where for each MsgA PUSCH occasion, the following parameters may be configured:
· An MsgA PUSCH occasion ID
· Time/frequency resource allocation
· MCS
· Power control related parameters
· Association with PRACH occasion
As shown in Figure 2, association between PRACH occasion and MsgA PUSCH occasion may be defined as many to one, one to one and one to many mapping. In particular, 
· Many to one mapping: more than one PRACH occasions are associated with one MsgA PUSCH occasion. 
· One to one mapping: one PRACH occasion is associated with one MsgA PUSCH occasion. 
· One to many mapping: one PRACH occasion is associated with more than one MsgA PUSCH occasions. In this case, independent set of PRACH preamble sequences within a PRACH occasion may be associated with one MsgA PUSCH occasion. 
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[bookmark: _Ref1038982][bookmark: _Ref1043411]Figure 2. PRACH and MsgA PUSCH association
Proposal 9
· Multiple MsgA PUSCH occasions are defined, where for each MsgA PUSCH occasion, the following parameters are configured.
· An MsgA PUSCH occasion ID, time/frequency resource allocation, MCS, power control related parameters, association with PRACH occasion.
· Association between PRACH occasion and MsgA PUSCH occasion can be defined as many to one, one to one and one to many mapping.   

Link level 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. The simulation assumptions are outlined in Table 3 in the Appendix, which were based on the agreed link-level simulation assumptions [2].
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 [5], 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. 

Link level performance of MsgA
Figure 3 illustrates the link level simulation results of MsgA. In the simulations, the performance metrics are based on miss detection probability vs. MCL for MsgA PRACH and BLER vs. MCL for MsgA PUSCH. MCL is calculated based on Table 4 in the Appendix. 
 
	MsgA PRACH
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	MsgA PUSCH
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[bookmark: _Ref4522711][bookmark: _Ref4522689]Figure 3. Link level simulation results for MsgA PRACH and PUSCH

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 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. 
· For certain combinations of MsgA PRACH format and PUSCH, appropriate power offset may be applied to match overage status in MsgA. 
[bookmark: _Ref4524000]Table 2. 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. 
· For certain combinations of MsgA PRACH format and PUSCH, appropriate power offset may be applied to match overage status in MsgA.
Conclusions
In this contribution, we discussed channel structure for 2-step RACH, with primary focus on configuration of MsgA PUSCH occasion, association between PRACH and MsgA PUSCH and link level performance evaluation of MsgA. Further, 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. 
· For certain combinations of MsgA PRACH format and PUSCH, appropriate power offset may be applied to match overage status in MsgA.
Proposal 1
· Numerology of MsgA PUSCH transmission follows the configuration in initial or active UL BWP.
· For NR-U operation, it may be desirable to configure same numerology for MsgA PUSCH and PRACH. 
· Waveform of MsgA PUSCH follows that of Msg3 PUSCH. 
Proposal 2
· PUSCH occasions are separately configured from PRACH occasions.
· For one PUSCH occasion, it is derived based on resource allocation of NR configured grant in principle.
Proposal 3
· Time domain resource allocation of an MsgA PUSCH occasion includes PUSCH mapping type, starting symbol and length, periodicity and slot offset between PRACH and associated MsgA PUSCH.  
Proposal 4
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH format. 
Proposal 5
· Frequency domain resource allocation of an MsgA PUSCH occasion includes enabling/disabling frequency hopping, starting PRB and length of PRBs and frequency offset if frequency hopping is enabled. 
Proposal 6
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
· Same beam association rule between RACH occasion and SSB is defined for associated MsgA PUSCH occasion.  
Proposal 7
· DMRS AP of MsgA PUSCH transmission is associated with PRACH preamble sequence index. 
Proposal 8
· RA-RNTI or preamble index for associated PRACH transmission is applied for initialization of scrambling sequence for MsgA PUSCH.
Proposal 9
· Multiple MsgA PUSCH occasions are defined, where for each MsgA PUSCH occasion, the following parameters are configured.
· An MsgA PUSCH occasion ID, time/frequency resource allocation, MCS, power control related parameters, association with PRACH occasion.
· Association between PRACH occasion and MsgA PUSCH occasion can be defined as many to one, one to one and one to many mapping.   
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Appendix: Simulation Assumptions
[bookmark: _Ref4518661]Table 3. Link-level evaluation assumptions
	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
	[bookmark: _GoBack]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: _Ref4523983]Table 4. MCL calculation formula
	Transmitter

	(1) Tx power  (dBm)

	Receiver

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

	(3) Receiver noise figure (dB)

	(4) Interference margin (dB)

	(5) Occupied channel bandwidth (Hz)

	(6) Effective noise power = (2) + (3) + (4) + 10log((5))  (dBm)

	(7) Required SINR (dB)

	(8) Receiver sensitivity = (6) + (7) (dBm)

	(9) Rx processing gain

	(10) MCL  = (1) (8) + (9) (dB)
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