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Introduction
In the RAN4#95-e meeting, good progress was made concerning ultra-low BLER BS demodulation requirements [1]. In particular the TDRA and FDRA setting for both high reliability and low latency tests were almost completely agreed upon.
Some remaining issues are captured in the corresponding WF [2]. The major open topics being:
· HR:
· PUSCH aggregation factor for 15 kHz SCS.
· Whether to clarify the safety statement.
· Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2.
· LL:
· Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2.
In this contribution we will express our views on the captured open issues and open new discussions, if necessary.
Additionally, we include the results of our various simulation campaigns directly in this Tdoc.



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


PUSCH aggregation factor for 15 kHz SCS

In RAN4#95-e, no conclusion could be reached on the aggregation factor to be employed, when using the 3D1S1U TDD pattern (i.e., 15 kHz SCS) [2]:
	· PUSCH aggregation factor for 15 kHz SCS:
· Option 1: No requirement for 15 kHz SCS.
· Option 2: Only configure n2 for FDD and no requirement for TDD. 
· Option 3: Configure n2 for FDD and n8 for TDD with note.
· Note: The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary, while for FDD a value of n2 is necessary.



From our understanding of the email discussions [1], both proponents and opponents of “n8” are well aware that a configuration of “n2 or n4” would result in a single repetition of the PUSCH slot.
The background of this circumstance was (e.g.) explained in our last discussion paper [3]:
	TDD pattern: DDDSU
AggregationFactor: n4
pusch-AggregationFactor			ENUMERATED {n2,n4,n8}
PUCCH-FormatConfig > nrofSlots		ENUMERATED {n2,n4,n8}






Observing that the text/use case of this requirement is focused on high reliability, we see it necessary to choose a PUSCH aggregation that increases the reliability, i.e., that results in repeated TBs.
Optimized implementations might use the aggregation for performance improvement (over HARQ), even in cases where the coherence is low between the repetitions.
Optimized implementations might use the aggregation for performance improvement (over HARQ), even in cases where the coherence is low between the repetitions.
RAN4 to chose to configure n2 for FDD and n8 for TDD with note.


Whether to clarify the safety statement
RAN4#95-e captured the open issue as follows [2]:
	· Whether to clarify the safety statement
· Option 1: No need to specify any safety statements in specification
· Option 2: Yes
· Option 1a: Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence
· Option 1b: If the URLLC features of 5G NR would be used in safety or mission critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians. It is also important to bear in mind that the demodulation requirements do not take account of all aspects of system operation (for example RF, transmitter, internal interfaces, higher layer protocol software etc.).



As usual, we would like to clarify that the passing of RAN4 performance requirements alone is not sufficient grounds to use URLLC features in safety critical environments.
A straightforward decision of the URLLC group on this matter would be appreciated in this meeting, so we can stop discussing this matter at each meeting.
RAN4 to take a recorded majority decision on to inclusion of a safety statement clarification.


Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2
RAN4#95-e captured the open issue as follows [2]:
	· Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2:
· Option 1: Tests shall be done for either FR1 or FR2
· Option 2: Tests shall be done for both , and only 1 SCS will be tested for each frequency band with test applicability rule. 
· Option 3: Tests shall be done for both, all supported SCS will be tested for FR1 and only 1 SCS need to be tested for FR2.
· SCS/BW for FR2 (only if FR2 is defined)
· 60 KHz:
· Option 1: 50 MHz 
· Option 2: 50 MHz and 100 MHz 
· 120 KHz
· Option 1: 100 MHz 
· Option 2: 50 MHz and 100 MHz 




As we argued in the ultra-low BLER agenda item, it is our observation that FR2 and high reliability do not make a very practical use case.
However, here the reliability target (1% BLER) is much closer to achievable values, hence our opinion is much less strict:
FR2 and high reliability do not make a very practical use case.



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


Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2
RAN4#95-e captured the open issue as follows [2]:
	· BS URLLC demodulation requirements for PUSCH mapping Type B
· Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2:
· Option 1: Tests shall be done for either FR1 or FR2
· Option 2: Tests shall be done for both , and only 1 SCS will be tested for each frequency band with test applicability rule. 
· Option 3: Tests shall be done for both, all supported SCS will be tested for FR1 and only 1 SCS need to be tested for FR2.
· SCS/CBW for FR2 (only if FR2 is agreed)
· 60 KHz:
· Option 1: 50 MHz 
· Option 2: 50 MHz and 100 MHz 
· 120 KHz
· Option 1: 100 MHz 
· Option 2: 50 MHz and 100 MHz 



For low latency, the use case of FR2 is immediately evident.
However, we expect products implementing such a solution to be very specialized; potentially FR2 only solutions. Common hardware should not need to test both FR1 and FR2.
RAN4 to introduce low latency requirements for both FR1 and FR2, along with applicability rule that only one SCS will be tested for each frequency band with test applicability rule.



Simulation results high reliability

Parameters
The WF contains a great summary of the basic simulation assumptions [2]:
Table 1: Simulation parameters.
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	Mapping type
	Type A and Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	14

	
	PUSCH aggregation factor
	n2 for 30 kHz SCS
FFS 15 kHz SCS

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Propagation condition
	TDLB100-400

	MCS Table
	Table 3, MCS 5

	SCS and BW
	15 kHz for 5/10 MHz 
30 kHz for 10/40 MHz

	Frequency domain resource
	Full Bandwidth

	TDD pattern 
	 15 kHz SCS: 3D1S1U, S=10:2:2
              30 kHz SCS: 7D1S2U, S=6:4:4

	Maximum number of HARQ transmissions
	4

	Testing metric
	Target BLER:  10-2
(Calculate the target BLER after all transmission)




Results

Table 2: PUSCH BS demod high reliability testing simulation results.
	MCS level
	SCS/CBW
	Aggregation Factor
	Mapping Type
	SNR @ target BLER 1e-2 (dB)

	
	
	
	
	

	Table 3, MCS5
	15 kHz, 10 MHz
	n1
	TypeA
	-10.2

	
	
	
	TypeB
	-9.9

	
	
	n2
	TypeA
	-13.4

	
	
	
	TypeB
	-13.2



Remark: We see a slight difference between Type A and B PUSCH TDRA, hence we don’t feel comfortable to combine both into a single field, as requested by the template.



Simulation results low latency

Parameters
The WF contains a great summary of the basic simulation assumptions [2]:
Table 3: Simulation parameters.
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	PUSCH mapping type
	Type B

	
	Start symbol
	0 

	
	Allocation length
	2

	
	PUSCH aggregation factor
	1

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	0

	SCS and BW
	15 kHz for 5/10 MHz 
30 kHz for 10/40 MHz

	TDD pattern
	15 kHz SCS: 3D1S1U, S=10:2:2
     30 kHz SCS: 7D1S2U, S=6:4:4

	MCS Table
	Table 3, MCS 10

	Propagation condition
	TDLC300-100 Low

	Maximum number of HARQ transmissions
	1

	Frequency domain resource assignment
	Full bandwidth For MCS10

	Test metric
	70% TP 




Results

Table 4: PUSCH BS demod low latency testing simulation results.
	Test
	Symbol length
	 waveform
	Tx/Rx
	PUSCH mapping type
	SCS and BW
	MCS level
	Propagation condition
	DMRS
	Nokia

	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	Test 2.1
	2os
	CP-OFDM
	1T2R
	type B
	15kHz, 10MHz
	Table 3, MCS10
	TDLC300-100
	DMRS 1+0
	-2.3
	0.2

	Test 2.2
	2os
	CP-OFDM
	1T2R
	 type B
	30kHz, 40MHz
	Table 3, MCS10
	TDLC300-100
	DMRS 1+0
	-2.5
	0





Conclusion
In this contribution we have provided our views on various open high reliability and low latency (e)URLLC issues. In particular, PUSCH aggregation factors, safety statements, and test applicability rules (esp. for FR2). Additionally, we have presented the results of our simulation campaigns.
We have made the following observations and proposals:

PUSCH aggregation factor for 15 kHz SCS
1. Optimized implementations might use the aggregation for performance improvement (over HARQ), even in cases where the coherence is low between the repetitions.
1. RAN4 to chose to configure n2 for FDD and n8 for TDD with note.

Whether to clarify the safety statement
RAN4 to take a recorded majority decision on to inclusion of a safety statement clarification.

Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2 (high reliability)
FR2 and high reliability do not make a very practical use case.

Test applicability rule for FR1 and FR2 if BS declare to support both FR1 and FR2 (low latency)
RAN4 to introduce low latency requirements for both FR1 and FR2, along with applicability rule that only one SCS will be tested for each frequency band with test applicability rule.
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