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1	Introduction
In the last RAN4#96-e meeting, the general issues with demodulation requirement for NR 2-step RACH was discussed and the related agreement was captured in the WF [1]. Meanwhile, the initial assumption was proposed for requirement.
In this contribution, the view on remaining issue for NR 2-step RACH is provided.  Also, the initial simulation are provided for alignment.
2	Discussion
Remaining test parameters 
Regarding the DMRS configuration, the following options are considered 
	· Option 1:  1+1+1
· Option 2:  1+1



The motivation is to verify the impact of timing offset on PUSCH MsgA performance. Generally, the timing offset estimation and compensated are performed per symbol by symbol. Different with high Doppler scenario, network will configure more DMRS symbols for Doppler or frequency offset tracking, where the tracking capability depends on the distance between DMRS symbols. Since the current scenario is not targeting with high speed scenario, therefore, either configure 2 DMRS or 3 DMRS configuration can fulfil the requirement. As indicated in our initial results, the similar performance can be achieved with two different DMRS configurations.
In the last meeting, the following combination set was agreed as 
	· Number of RB: 2
· Number of OFDM symbol: 14
· MCS: 1



For MsgA PUSCH transmission, the data payload size is 72 bits. The following is the feasibility checking for each combination set.
	Combination set
	TBS
	Coding Rate
	Effective coding rate
	Padding bits compared with 72 bits

	(14 OS, MCS1, 2 DMRS)
	88
	0.1533
	0.1806
	16

	(14 OS, MCS1, 3 DMRS)
	80
	0.1533
	0.1818
	8



Observation 1: In terms of padding bit, the combination set (14 OS, MCS1 and 3 DMRS) has less padding bits compared with combination set (14 OS, MCS 1 and 2 DMRS).
Observation 2: From the effective coding rate can be achieved for combination sets of (14 OS, MCS1 and 2 DMRS) and (14 OS, MCS 1, 3 DMRS)
The motivation of 2-step RACH is to guarantee the center UE can reduce the access time, meanwhile, the overhead of signaling can be reduced. In that sense, configured 3 DMRS can benefit for Doppler or frequency offset tracking, as well as the channel estimation performance 
Meanwhile, based on the agreement about the DMRS configuration in RAN1 for MsgA PUSCH. In case there is no RRC parameters configured, the UE will apply the value with “pos2”. 
Base on above analysis, we prefer to configure 3 DMRS for specifying MsgA PUSCH requirement.  
Proposal 1: 3 DMRS can be configured for MsgA PUSCH requirement
Different level TO cycling 
During the last meeting, it was agreed to introduce medium level TO cycling for MsgA PUSCH requirement. As for high level TO cycling, whether to introduce should be further discussion. As agreed, RAN4 will introduce TO cycling (X, ∆t, Y) in defining core requirement. 
Generally, the value Y should be related with cell size and CP length. Since there is no limitation for preamble format, the timing offset should be applied with all the preamble format. The CP length, Ncs, maximal delay of fading channel, and derive the maximum timing offset can be calculated for all the preamble and SCS as indicated as follows：
	Format　
	　SCS
	CP 
	Ncs
	(a) min {CP, Ncs}
	(b) Maximum delay of fading channel (Note)
	(a-b) Maximum configured timing offset 

	A1
	15 kHz
	
288 
	
339 
	
288 
	
80 
	
208 
	6.77 us

	
	30 kHz
	
144 
	
339 
	
144 
	
80 
	
64 
	2.08 us

	
	60 kHz
	
72
	
254 
	
72 
	
9 
	
63 
	2.05 us

	
	120 kHz
	
36
	
127 
	
36 
	
9 
	
27 
	0.88 us

	A2
	15 kHz
	
576
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
288
	
339 
	
288 
	
80 
	
208 
	6.77 us

	
	60 kHz
	
144
	
254 
	
144 
	
9 
	
135 
	4.39 us

	
	120 kHz
	
72
	
127 
	
72 
	
9 
	
63 
	2.05 us

	A3
	15 kHz
	
864 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
432
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
216
	
254 
	
216 
	
9 
	
207 
	6.74 us

	
	120 kHz
	
108
	
127 
	
108 
	
9 
	
99 
	3.22 us

	B4
	15 kHz
	
936 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
468
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
234 
	
254 
	
234 
	
9 
	
225 
	7.32 us

	
	120 kHz
	
117 
	
127 
	
117 
	
9 
	
108 
	3.52 us

	C0
	15 kHz
	
1240 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
620 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
310 
	
254 
	
254 
	
9 
	
245 
	7.98 us

	
	120 kHz
	
155 
	
127 
	
127 
	
9 
	
118 
	3.84 us

	C2
	15 kHz
	
2048 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
1024 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
512 
	
254 
	
254 
	
9 
	
245 
	7.98 us

	
	120 kHz
	
256 
	
127 
	
127 
	
9 
	
118 
	3.84 us

	Note: TDLC300 for FR1, TDLA30 for FR2



In order to simply the test, a unified timing offset should be considered for all the preamble formats. And it is seen from Table 1 that format A1 with 120 kHz SCS has the smallest maximum timing offset (due to the short CP length), which is 0.88us. During the Rel-15 PRACH test, the maximum timing offset is 0.8us. 
As agreed in the last meeting
	· The TO error is assumed to be same for a MsgA-PRACH preamble and MsgA-PUSCH pair 
· The TO error is updated per each occasion of PRACH preamble+ MsgA during the test



Based on this agreement, we think the TO should be set appropriately to guarantee both MsgA-PRACH and MsgA-PUSCH can be detected correctly. As shown in the table, for 30 KHz SCS, the smallest maximum timing offset for PRACH is 2.08 us. The current value for high level TO value is 3.8 us, which has already larger than the CP length.
As indicated our initial results, with the TO larger than CP, the BLER performance is still worse even with TO compensation operation, where the PUSCH detection error comes from the ISI.
From the demodulation performance perspective, the current high level TO setting is not feasible at least for 30KHz SCS.
From the typical scenario of NR 2-step RACH perspective, whether 2-step RACH or 4-step RACH applied is depending on RSRP threshold, according to 38.321 spec. The UE selected 2-step random access type to perform random access on this threshold. If Random Access Resource and the RSRP of the downlink pathloss reference is above Msg A-RSRP-Threshold, UE will apply the 2-step RACH. In that sense, 2-step RACH is targeting with cell-centers UE, cell-edge UEs will be fallback to 4 step RACH procedure. 
From the BS receiver perspective, the motivation of introduce TO is to discriminate the practical BS implementation. As shown in our initial results, the performance gap between with TO compensation and without TO compensation for medium level TO is enough large, which can discriminate the proper BS receiver.
In that sense, it is not a typical scenario to specify the high level TO for MsgA PUSCH requirement.
Proposal 2:  Specify the MsgA PUSCH demodulation requirement only with medium level TO set.
Test Coverage
Regarding the test coverage, the following options are considered
	· Discuss further the implications of adopting medium  only or medium/high TO on test coverage
· Option 1: only test the requirements for medium level TO cycling, i,e., lack of test coverage for large cell operation is OK
· Option 2: test the requirements for both medium and high level TO cycling
· Option 3: test either the medium TO or the high TO (but never both) depending on vendor declaration
· Option 4: Only test the requirements for high level TO cycling, considering no performance difference after TO compensation and high level TO 



Regarding the test coverage, as mentioned above, it is not a useful scenario to specify the high level TO for 2-step RACH. We do not think it is necessary to define the requirement with high level TO cycling.
Proposal 3: Only test the requirements for medium level TO cycling.
Test metric
Regarding the test metric, the following options are considered
	· BLER of MsgA when preamble are correctly detected
· Option 1: 0.01
· Option 2: 0.1



Since MsgA for 2-step RACH includes both preamble and PUSCH detections, the MsgA PUSCH detection depends on the preamble detection, where 1% missing detection is the target metric of preamble detection. In that sense, we are fine to use 1% for BLER of MsgA PUSCH.
Proposal 4: Using BLER 0.01 as the test metric for requirement of MsgA PUSCH.
Other test parameters
Regarding other test parameters not mentioned, we prefer to reuse the test parameters defined in Rel-15 for BS demodulation requirement.
Proposal 5: Use the following test parameters for requirement of MsgA PUSCH
PT-RS: not configured for both FR1 and FR2
SCS/BW: 15 kHZ SCS/5 MHz BW, 30 kHz SCS/10 MHz
                  60 kHz SCS/50 MHz BW, 120 kHz SCS/50 MHz
3	Initial Analysis 
In this section, the initial simulation are provided to analysis the impact of timing offset on the MsgA PUSCH.
Simulation assumption for MsgA PUSCH with timing offset
	Parameter
	Values for FR1
	Values for FR2

	Preamble Format
	Free Choice

	Waveform
	CP-OFDM

	Power offset between preamble and MsgA
	Free choice

	Subcarrier Spacing for PUSCH
	15KHz, 30KHz
	60KHz, 120KHz

	PUSCH mapping type 
	Type A and Type B
	Type B

	MCS level
	1
	2

	Number of  Symbols
	14
	10

	Number of PRBs
	2
	2

	TBS
	72 bits

	DMRS
	Option 1: 1+1+1
Option 2: 1+1
	1+1

	Antenna configuration
	1T2R
	1T2R

	Propagation channel
	TDLC300-100
	TDLA30-300

	TO values
	Medium 
Level
	SCS 15KHz: 0:0.4:2
	Medium
Level
	SCS 60KHz: 0:0.1:0.5

	
	
	SCS 30KHz: 0:0.2:1
	
	SCS 120KHz: 0:0.025:0.25

	
	High Level
	SCS 15KHz: 0:0.1:3.8
	High level
	SCS 60KHz:  0:0.1:0.6

	
	
	SCS 30KHz: 0:0.1:3.8
	
	SCS 120KHz: 0:0.1:0.6

	Test metric (BLER of MsgA when preambles are correctly detected)
	Baseline: 0.01

	Re-transmission
	No retransmission considered 




[image: ]
Figure 1: BLER requirement with different timing offset under 2 DMRS configuration, 15KHz SCS

[image: ]
Figure 2: BLER requirement with different timing offset under 2 DMRS configuration, 30KHz SCS
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Figure 3: BLER requirement with different timing offset under 3 DMRS configuration, 15KHz SCS
[image: ]
Figure 4: BLER requirement with different timing offset under 3 DMRS configuration, 30KHz SCS

Based on our initial results, we have several observations: 
Observation 4: Similar BLER performance can be achieved with 2 DMRS and 3 DMRS configuration
Observation 5: With small value of TO, the impact on BLER performance of MsgA is minor without TO compensation.
Observation 6: With TO larger than CP, even with TO compensation operation, large performance degradation is still existed.
[bookmark: _GoBack]4 Simulation results 

Table 1:  FR1 requirement for medium level TO cycling value (to be updated)
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length 
	Mapping type
	Channel
	To range
	Test metric
	SNR

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(2,7,11)
	14
	Type A
	TDLC 300-100
	[0:0.4:2]
	1%
	

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(2,11)
	14
	Type A
	TDLC 300-100
	[0:0.4:2]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(2,7,11)
	14
	Type A
	TDLC 300-100
	[0:0.2:1]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(2,11)
	14
	Type A
	TDLC 300-100
	[0:0.2:1]
	1%
	

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(0,5,10)
	14
	Type B
	TDLC 300-100
	[0:0.4:2]
	1%
	

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(0,10)
	14
	Type B
	TDLC 300-100
	[0:0.4:2]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(0,5,10)
	14
	Type B
	TDLC 300-100
	[0:0.2:1]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(0,10)
	14
	Type B
	TDLC 300-100
	[0:0.2:1]
	1%
	




Table 2:  FR1 requirement for high level TO cycling value (to be updated)
	SCS/BW
	MCS
	Tx/Rx
	Number DMRS
	Symbol length 
	Mapping type
	Channel
	To range
	Test metric
	SNR

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(2,7,11)
	14
	Type A
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(2,11)
	14
	Type A
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(2,7,11)
	14
	Type A
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(2,11)
	14
	Type A
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(0,5,10)
	14
	Type B
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	15KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(0,10)
	14
	Type B
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1+1(0,5,10)
	14
	Type B
	TDLC 300-100
	[0:0.1:3.8]
	1%
	

	30KHz, 2PRB
	MCS 1 from table 1
	1T2R
	1+1(0,10)
	14
	Type B
	TDLC 300-100
	[0:0.1:3.8]
	1%
	



Table 3:  FR2 requirement for medium level TO cycling value (to be updated)
	SCS/BW
	MCS
	Tx/Rx
	Number 
DMRS
	Symbol 
length 
	Mapping 
type
	Channel
	To range
	Test metric
	SNR

	60KHz, 
2PRB
	MCS 2 from table 1
	1T2R
	1+1(0,8)
	10
	Type B
	TDLA 30-300
	[0:0.1:0.5]
	1%
	

	120 KHz, 
2PRB
	MCS 2 from table 1
	1T2R
	1+1(0,8)
	10
	Type B
	TDLA 30-300
	[0:0.05:0.25]
	1%
	



Table 4:  FR2 requirement for high level TO cycling value (to be updated)
	SCS/BW
	MCS
	Tx/Rx
	Number 
DMRS
	Symbol 
length 
	Mapping 
type
	Channel
	To range
	Test metric
	SNR

	60KHz, 
2PRB
	MCS 2 from table 1
	1T2R
	1+1(0,8)
	10
	Type B
	TDLA 30-300
	[0:0.1:0.5]
	1%
	

	120 KHz, 
2PRB
	MCS 2 from table 1
	1T2R
	1+1(0,8)
	10
	Type B
	TDLA 30-300
	[0:0.05:0.25]
	1%
	

	60KHz, 
2PRB
	MCS 2 from table 1
	1T2R
	1+1(0,8)
	10
	Type B
	TDLA 30-300
	[0:0.1:0.5]
	10%
	

	120 KHz, 
2PRB
	MCS 2 from table 1
	1T2R
	1+1(0,8)
	10
	Type B
	TDLA 30-300
	[0:0.05:0.25]
	10%
	



5 Conclusion 
In this contribution, the view on the remaining issue of requirement is provided. Meanwhile, the initial simulation results are provided to investigate the timing offset impact on the MsgA PUSCH requirement.
Observation 1: In terms of padding bit, the combination set (14 OS, MCS1 and 3 DMRS) has less padding bits compared with combination set (14 OS, MCS 1 and 2 DMRS).
Observation 2: From the effective coding rate can be achieved for combination sets of (14 OS, MCS1 and 2 DMRS) and (14 OS, MCS 1, 3 DMRS)
Proposal 1: 3 DMRS can be configured for MsgA PUSCH requirement
Proposal 2:  Specify the MsgA PUSCH demodulation requirement only with medium level TO set.
Proposal 3: Only test the requirements for medium level TO cycling.
Proposal 4: Using BLER 0.01 as the test metric for requirement of MsgA PUSCH.
Proposal 5: Use the following test parameters for requirement of MsgA PUSCH
PT-RS: not configured for both FR1 and FR2
SCS/BW: 15 kHz SCS/5 MHz BW, 30 kHz SCS/10 MHz
                  60 kHz SCS/50 MHz BW, 120 kHz SCS/50 MHz
Observation 4: Similar BLER performance can be achieved with 2 DMRS and 3 DMRS configuration
Observation 5: With small value of TO, the impact on BLER performance of MsgA is minor without TO compensation.
Observation 6: With TO larger than CP, even with TO compensation operation, large performance degradation is still existed.
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