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1. Introduction

Regarding channel structure for 2-step RACH, the following agreements were achieved in RAN1 #96bis:

Agreements:

· PUSCH resource unit for 2-step RACH is defined as

· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.

· FFS support only one or both of DMRS port / DMRS sequence 

· The DMRS sequence generation mechanism should follow Rel.15.

Working assumption:

· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.

· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit

· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis
Besides the ones aforementioned, link-level simulation assumption for 2-step RACH was also confirmed, detailed information was explained in R1-1905878. 
Agreements:
· Adopt the following table for the link-level evaluation:
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH mapping type
	14, Type A;
[6], Type B as optional

	1) Total Number of PRBs for msgA PUSCH

Or 

2) number of PRBs per PUSCH occasion 

Note: either of them should be aligned for scheme comparison
	[6, 12]

Or 

[1,2,3]

	PUSCH DMRS overhead
	[2 or 3] DMRS symbols

	Frequency hopping for msgA PUSCH
	Company report, enabled/disabled

	Preamble format
	Format 0/[A1]; [32, 64] preambles in each RO.

Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO

	Number of UEs
	1 as a starting point;

2 or more for evaluation of shared PUSCH occasion 
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)

FFS: interference from the adjacent PUSCH occasion, including how to model relative SINR, timing, etc.

	TBS
	72 bits as starting point, other values are not precluded


In this contribution, we present performance evaluation results for comparison of different mapping between preambles and PUSCH resource units. Besides, we also provide performance evaluations on the payload size and MCL (Maximum Coupling Loss) for PUSCH of msgA.
2. Evaluations for different mapping schemes
Regarding collision probability of contention-base RACH, there is a formula approximated as 
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, where the traffic density
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is defined as UEs/RO[2]. In general, the collision probability is requested to be less than 1%, then get 
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, which means the number of average activity UEs is very small. However, more than one UE transmitting simultaneously is not precluded in some slots, the collision of DMRS resources would appears in case that multi-user select same DMRS port and sequence.

In the simulation, one RO with 64 preambles is assumed. One PO with 6 PRBs or two POs with 3 PRBs are used. DMRS configuration with Type1 and double-symbol is adopted. For each PO, there are 8 DMRS ports with or without scrambling ID. The simulation assumptions are shown in the Appendix A.
Four cases are considered in the simulation.

· Case 1: 64 preambles of a RO are mapped to 1 PO with 6 PRBs, wherein 8 preambles are mapped to 1 DMRS port, as shown in the figure of case 1. In this case, single scrambling ID is assumed for a DMRS port.
· Case 2: 64 preambles of a RO are mapped to 2 POs each of which contains 3 PRBs. Preamble index 0~31 maps to 1st PO and preamble index 31~63 maps to 2nd PO, wherein 4 preambles are mapped to 1 DMRS port, as shown in the figure of case 2. In this case, single scrambling ID is assumed for a DMRS port. Compared to case 1, the code-rate and also the transmit power per RE are doubled in case 2 for fair comparion. 

· Case 3: 64 preambles of a RO are mapped to 1 PO with 6 PRBs, wherein 8 preambles are mapped to 1 DMRS port. For each DMRS port, 8 different scrambling IDs are assumed for DMRS sequence generation, as shown in the figure of case 3. In such case, there is one-to-one mapping between preambles and DMRS port + DMRS sequence, which are pseudo-orthogonal and have lower correlation.
· Case 4: 64 preambles of a RO are mapped to 2 POs each of which contains 3 PRBs. Preamble index 0~31 maps to 1st PO and preamble index 31~63 maps to 2nd PO, wherein 4 preambles are mapped to 1 DMRS port. For each DMRS port, 4 different scrambling IDs are assumed for DMRS sequence generation, as shown in the figure of case 4. In such case, there is one-to-one mapping between preambles and DMRS port + DMRS sequence.
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	Case 1: 1 PO with 6 PRBs per PO, 8 DMRS ports with single scrambling ID per DMRS port
	Case 1: 2 POs with 3 PRBs per PO, 8 DMRS ports with single scrambling ID per DMRS port
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	Case 3: 1 PO with 6 PRBs per PO, 8 DMRS ports with 8 scrambling ID per DMRS port
	Case 4: 2 POs with 3 PRBs per PO, 8 DMRS ports with 4 scrambling ID per DMRS port


Figure 1: Mapping relationship between preambles and PUSCH resource units in simulation

In the evaluation two UEs are assumed in every slots, and UE randomly selects a preamble index and the corresponding DMRS port and scrambling ID according to mapping relationship as the above diagram.
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Figure 2: BLER performance assuming two UEs transmitting simultaneously
From the results, we can observe that case 1 and case 2 with multiple-to-one mapping between preambles and DMRS ports with single scramble ID per DMRS port have poor performance with BLER target 10-2. Besides, error floor can be observed in case of multiple-to-one mapping. This is because gNB cannot distinguish wireless channel information among UEs in channel estimation module once they select the preambles that are associated with the same DMRS port.

When there is one-to-one mapping between preambles and DMRS port + DMRS sequence, i.e. case 3 and case 4, better performance with BLER target 10-2 can be achieved compared to that of case 1 and case 2. The reason is because the collision probability of DMRS resource is reduced. Case 1 with PO of 6 PRBs outperforms case 3 with 2 POs of 3 PRBs per PO. Note that for fair comparison BLER curves in case of 2 POs with 3 PRBs per PO are shifted by 3 dB since half of frequency resource is used compared to the case of 1 PO with 6 PRBs.

Observation 1: One-to-one mapping between preambles and DMRS port + individual DMRS sequence achieves better performance with BLER target 10-2 compared to multiple-to-one mapping between preambles and DMRS port with the same DMRS sequence.

Observation 2: In case of one-to-one mapping, case 3 with PO of 6 PRBs/PO and 8 scrambling IDs per DMRS port has better performance than that of case 4 with 2 POs of 3 PRBs/PO and 4 scrambling IDs per DMRS port.

3. Evaluations for MCL
The number of PRBs and OFDM symbols for a PUSCH occasion affect the performance of PUSCH transmission for msgA due that the code rate is dependent on the resource allocation. For 2-step RACH, payload size of 72 bits for PUSCH of msgA is agreed as start point and other values are not precluded. The link-level evaluation aims to acquire a threshold demodulation SNR at the target BLER (e.g 1%). Furthermore, maximum coupling loss (MCL) is calculated based on the threshold SNR, where MCL is the limiting value of the coupling loss at which a service can be delivered. The following table is based on the inputs and calculations for MCL from TR 36.888[3]. In this section, we focus on 72bits for evaluation. Evaluations of other payload size can be found in our companion paper [4]. In the simulation, the number of PRBs is assumed as 2, 3, 4, 6, or 12 and the number of OFDM symbols for PUSCH is 6 or 14.
	(1) Power in channel bandwidth (dbm)
	23dbm is used in typical UE and do not consider CA scenarios.

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

	(3) Receiver Noise Figure (dB)
	NF is related to the front end Low Noise Amplifier. A conservative NF=5 for gNB.

	(4) Interference margin
	Consider an average interference margin in network =10dB

	(5) Occupied channel bandwidth (Hz)
	SCS*12*N_RB
 

	(6) Required SNR (dB)
	Derive from LLS

	(7) MCL
	Calculate: 

(1)-{(2)+(3)+(4)+10*log10((5))}-(6)
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Figure 3: BLER performance with different #PRBs and #OFDM symbols
	TBS=72
	2 PRBs
	3 PRBs
	4 PRBs
	6 PRBs
	12 PRBs

	PUSCH target BLER=1%
	Threshold:

SNR 
	MCL
	Threshold:

SNR
	MCL
	Threshold:

SNR
	MCL
	Threshold:

SNR
	MCL
	Threshold:

SNR
	MCL

	Rx:

2
	6-OS
	7.96
	115.5
	5.18
	116.5
	3.07
	117.3
	0.46
	118.2
	-3.54
	119.2

	
	14-OS
	2.57
	120.9
	0.37
	121.3
	-1.26
	121.7
	-3.31
	122.0
	-6.97
	122.6

	Rx:

4
	6-OS
	1.8
	121.6
	-0.52
	122.2
	-2.10
	122.5
	-4.06
	122.7
	-7.42
	123.1

	
	14-OS
	-2.92
	126.3
	-4.59
	126.3
	-5.84
	126.3
	-7.59
	126.2
	-10.56
	126.2
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Figure 4: MCL vs. different PRB sizes

Observation 3: From MCL perspective, larger PRB size can achieve better performance than smaller PRB size, when assuming the same number of OFDM symbols.

Observation 4: From MCL perspective, 14-OS can achieve better performance than 6-OS, with the same PRB size.
4. Conclusion

In this contribution, we provide evaluation results on different mapping schemes and performance of MCL. The observations are summarized as follows:
Observation 1: One-to-one mapping between preambles and DMRS port + individual DMRS sequence achieves better performance with BLER target 10-2 compared to multiple-to-one mapping between preambles and DMRS port with the same DMRS sequence.

Observation 2: In case of one-to-one mapping, case 3 with PO of 6 PRBs/PO and 8 scrambling IDs per DMRS port has better performance than that of case 4 with 2 POs of 3 PRBs/PO and 4 scrambling IDs per DMRS port.

Observation 3: From MCL perspective, larger PRB size can achieve better performance than smaller PRB size, when assuming the same number of OFDM symbols.

Observation 4: From MCL perspective, 14-OS can achieve better performance than 6-OS, with the same PRB size.
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Appendix A

Table 1: Link level evaluation assumption

	Assumption
	Value

	Carrier frequency
	4GHz

	Waveform
	CP-OFDM

	Subcarrier spacing
	30 KHz,

	Modulation order
	QPSK

	PUSCH resource
	2,3,4,6,12PRB, 14OS or 6OS

	DMRS
	Type1, double-symbol

	Antenna configuration
	BS: 2Rx or 4Rx  , UE: 1Tx

	Chanel model
	TDL-C, DS=300ns, 3km/h

	Detection algorithm
	Channel estimation: MMSE filter

Equalizer: MMSE-IRC

	Frequency offset
	Ideal , 0ppm

	Timing offset
	Ideal , 0Ts
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