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Introduction
Over the last few meetings, great progress was made concerning ultra-low BLER BS demodulation requirements. In particular the confirmed agreements in RAN4#95-e, enabling practical testability via SNR tolerances, stand out [1].
Some remaining issues are captured in the corresponding WF [2]. The major open topics being:
· Introduction of FR2 requirements.
· SCS test applicability.
In this contribution we will express our views on the captured open issues and open new discussions (e.g., correction of AWGN TT), if necessary.
Additionally, we include the results of our various simulation campaigns directly in this Tdoc.



Discussion on open issues
Here we discuss open issues, left over from the last meeting.

[bookmark: _Hlk47283573]Introduction of FR2 requirements
In RAN4#95-e, it was not agreed, if FR2 requirements should be included for ultra-low BLER operation [2]: 
	· FR2 requirements
· Proposals
· Option 1: FR2 requirements 
· Option 2: No FR2 requirements 
· Option 3: Defer decision to next meeting



We don’t see a use case for FR2 in ultra-low BLER scenarios. It seems difficult to justify not using the generally less frequency and spatial outage prone FR1, when such extreme reliability targets are required.
FR2 data transmission is experiencing exaggerated (w.r.t. FR1) spatial and frequency selectivity, as well as, deep fading conditions brought about uncontrollable changes in the environment.
RAN4 to not test ultra-low BLER in FR2, as this is not a practically viable scenario for FR2.


SCS test applicability
In RAN4#95-e, it was not agreed how the applicability rules for declared SCS are supposed to look [2]: 
	· BS SCS test applicability
· Proposals
· Option 1: All supported SCS tested 
· Option 2: Only 15kHz SCS tested if both supported 
· Option 3: Only 30kHz SCS tested if both supported



We note that in non-URLLC scenarios, each and all subcarrier spacing declared to be supported shall be tested [3]:
	8.1.2.1.1 Applicability of requirements for different subcarrier spacings 
Unless otherwise stated, PUSCH requirement tests shall apply only for each subcarrier spacing declared to be supported (see D.14 in table 4.6-1).



However, our simulation results from last meeting [4] and this meeting (later subsection), indicate that the performance gap between 15 and 30kHz is only ~0.8dB, hence it is not required to test both from a performance point of view.
The performance difference between 15 and 30kHz is negligible.
Since the performance of all declared to be supported SCSs is already assured by Rel-15 requirements, we don’t see it necessary to test both 15 and 30kHz for ultra-low BLER.
RAN4 to only require testing of one SCS (per FR), if more than one is declared to be supported. Either 15kHz, or 30kHz, or per separate manufacturer declaration are acceptable.



Discussion on new issues
Here we discuss open issues that were newly identified since the last meeting.

Test tolerance for AWNG requirements
In RAN4#95-e, it was agreed on how to capture the additional test margin in the specification, however the agreed table sets the TT as 0.6dB in the WF [2]: 
	
	Test 
	Minimum Requirement in TS 38.104 [2]
	Test Tolerance
(TT)
	Test requirement in the present document

	8.2.X       Performance requirements for PUSCH high reliability
	SNRs as specified
	0.6 dB  
	Formula: SNR + TT + 1dB
PUSCH false detection limit unchanged







Test tolerance is set by the test equipment’s capabilities, which previously varied by the used channel model. In particular, test with AWGN channel models are commonly using TT of 0.3dB.
AWGN testing, outside of high reliability, uses 0.3dB as test tolerance.
Unless, test equipment vendors update their recommendation, we propose to keep with the previous AWGN TT values:
RAN4 to consider a TT of 0.3dB for high reliability testing with AWGN channel model.



Simulation results

Parameters
Unless stated explicitly otherwise in any of the result tables, the simulation setup follows the baseline as captured in WF [2] and the preceding WFs. 
We summarize the settings as follows:
Table 1: Simulation parameters.
	Parameter
	Value

	Transform precoding
	Disabled (CP-OFDM only)

	System
	Mod/Demod branches
	1T2R

	
	fc
	4 GHz (FR1)

	
	SCS/CBW
	15 kHz with 5/10 MHz
30 kHz with 10/40 MHz

	
	Uplink-downlink allocation for TDD
	3D1S1U (S=10:2:2) for 15 KHz, 7D1S2U (S=6:4:4) for 30 KHz

	
	Channel model
	AWGN

	
	Cyclic Prefix
	Normal

	High reliability features
	pusch-AggregationFactor
	n1 (no slot aggregation)

	
	mcs-Table
	qam64LowSE

	
	MCS
	5

	
	maxRank
	1

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	OFF

	
	Code block group based PUSCH retransmission
	Disabled

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1 (i.e., DM-RS = 1+1)

	
	Number of DM-RS CDM group(s) without data
	[2]

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	[-3 dB]

	
	DM-RS port
	[0]

	
	DM-RS sequence generation
	[NID=0, nSCID =0]

	Time domain resource assignment
	PUSCH mapping type
	A and B

	
	Start symbol
	0

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Others
	Channel coding: Limited buffer rate matching, PT-RS
	Disabled

	Performance metric
	SNR@1e-5 BLER point;
 (Block in BLER is “TB”)




BS Results

Table 2: PUSCH BS demod high reliability testing simulation results.
	Tx/Rx
	PUSCH mapping type
	SCS and BW
	MCS level
	Propagation condition
	DMRS
	SNR (dB)

	
	
	
	
	
	
	Ideal
	Impair-ment

	1T2R
	type A
	15kHz, 5MHz
	MCS5
	AWGN
	DMRS 1+1
	-6.5
	-4

	1T2R
	type A
	15kHz, 10MHz
	MCS5
	AWGN
	DMRS 1+1
	-7.3
	-4.8

	1T2R
	type A
	30kHz, 10MHz
	MCS5
	AWGN
	DMRS 1+1
	-6.5
	-4

	1T2R
	type A
	30kHz, 40MHz
	MCS5
	AWGN
	DMRS 1+1
	-7.6
	-5.1

	1T2R
	 type B
	15kHz, 5MHz
	MCS5
	AWGN
	DMRS 1+1
	-6.6
	-4.1

	1T2R
	 type B
	15kHz, 10MHz
	MCS5
	AWGN
	DMRS 1+1
	-7.3
	-4.8

	1T2R
	type B
	30kHz, 10MHz
	MCS5
	AWGN
	DMRS 1+1
	-6.6
	-4.1

	1T2R
	type B
	30kHz, 40MHz
	MCS5
	AWGN
	DMRS 1+1
	-7.6
	-5.1





Conclusion
In this contribution we have provided our views on various open ultra-low BLER URLLC issues. In particular, FR2 requirements, SCS test applicability, and test tolerances. Additionally, the simulation results were included.
We have made the following observations and proposals:

Introduction of FR2 requirements
1. FR2 data transmission is experiencing exaggerated (w.r.t. FR1) spatial and frequency selectivity, as well as, deep fading conditions brought about uncontrollable changes in the environment.
1. RAN4 to not test ultra-low BLER in FR2, as this is not a practically viable scenario for FR2.

SCS test applicability
The performance difference between 15 and 30kHz is negligible.
RAN4 to only require testing of one SCS (per FR), if more than one is declared to be supported. Either 15kHz, or 30kHz, or per separate manufacturer declaration are acceptable.

Test tolerance for AWNG requirements
AWGN testing, outside of high reliability, uses 0.3dB as test tolerance.
RAN4 to consider a TT of 0.3dB for high reliability testing with AWGN channel model.
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