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Introduction
In the last meeting (RAN4#96e) many of the remaining open issues concerning Rel-16 higher BLER BS demodulation requirements were resolved. The agreements are captured in the email discussion summary [1] and WF [2].
Some remaining issues are captured in the corresponding WF [2]. The major open topics being:
· High reliability (FR1)
· Applicability rule for FDD and TDD
· Whether to clarify the safety statement
· TDD pattern
· Aggregation factor for TDD
· Channel model
· DM-RS
· Low latency (FR2)
· MCS
· DM-RS
· Symbol length (TDRA)
· Rel-16 URLLC BS features
· PUSCH repetition type B
· Inter-UE multiplexing
Since the last meeting, we also realized that the following topics have not been discussed until now:
· Low latency (FR2)
· PT-RS
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 high reliability - FR1
Here we discuss open issues, discussed in the last meeting.

Applicability rule for FDD and TDD
In RAN4#96-e no consensus was reached on the applicability rules for FDD and TDD [2]:
	· Applicability rule for FDD and TDD
· Option 1: The requirement with PUSCH aggregation level n8 for TDD with 15 KHz SCS can be applied with FDD or TDD 30 KHz SCS with PUSCH aggregation level n2.
· Option 2: The requirements for PUSCH with aggregation for 15kHz can be tested either by configuring n8 and the DDDSU TDD pattern or by configuring FDD with aggregation level n2. 



Given the agreement in the same meeting on adding the following note to explain the intention and required configuration of aggregation levels for different TDD patterns (including FDD), makes the applicability rule redundant [2]:
	· BS demodulation requirements of high reliability for FR1
· PUSCH aggregation factor for TDD 15 kHz SCS with pattern DDDSU: 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.
· RV sequence with 4 HARQ transmission：{0,3,0,3} with note 
· Note: The effective RV sequence is {0,2,3,1} with slot aggregation



The agreement to add the explicatory note to the aggregation level configuration, makes an applicability rule unnecessary.
RAN4 to not include and applicability rule for FDD and TDD, which would be redundant due to agreed note.


Whether to clarify the safety statement
In RAN4#96-e no consensus was reached on the inclusion of a statistical testing disclaimer [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.).



Passing of RAN4 performance requirements alone is not sufficient grounds to use URLLC features in safety critical environments.
After several meetings of most companies refusing to clearly state their opinion on this topic, we would like to see this issue being brought to the online session, where each company can be asked their support for the options and a majority decision can be taken.
RAN4 to discuss the inclusion of a statistical testing disclaimer in the online session/GtW.


TDD pattern
In RAN4#96-e no consensus was reached on the TDD pattern to be used for defining the requirements [2]:
	· TDD pattern
· [bookmark: _Hlk53949204]Option 1: DDDSU, S=10:2:2 
· Option 2: DSUU, S=12:2



It is our understanding that, independent from the agreement here, any TDD pattern can be used to test the requirements.
In the interest of reducing test implementation effort, it is preferable to not include a new TDD pattern. I.e., option 1.
RAN4 to agree on DDDSU, S=10:2:2.


Aggregation factor for TDD
The WF of RAN4#96-e [2] seems to indicate that no consensus was reached on the aggregation factor for TDD:
	·  Aggregation factor for TDD
· Option 1: n8 for DDDSU
· Option 2: n2 for DSUU
· Option 3: n8 for DDDSU with note 
· Note: The testing can be performed with a different TDD pattern



However, the same WF [2] captures an agreement on the following note to explain the intention and required configuration of aggregation levels for different TDD patterns (including FDD):
	· BS demodulation requirements of high reliability for FR1
· PUSCH aggregation factor for TDD 15 kHz SCS with pattern DDDSU: 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.
· RV sequence with 4 HARQ transmission：{0,3,0,3} with note 
· Note: The effective RV sequence is {0,2,3,1} with slot aggregation



Hence, we reason that option 3 was already indirectly selected.
The agreement to add the explicatory note to the aggregation level configuration, already decides the question of the aggregation factor for TDD as option 3.
RAN4 to confirm the choice of n8 for DDDSU with note that testing can be performed with a different TDD pattern, as long as the intention of the configuration is preserved.

We quickly remind here the underlying issue at an example that compares multi-slot PUCCH with multi-slot PUSCH:
	TDD pattern: DDDSU
AggregationFactor: n4
pusch-AggregationFactor			ENUMERATED {n2,n4,n8}
PUCCH-FormatConfig > nrofSlots		ENUMERATED {n2,n4,n8}
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Channel model
In RAN4#96-e no consensus was reached on the channel model to be used for defining the requirements [2]:
	· Channel model
· Option 1: TDLA30-300 Low
· Option 2: TDLA30-75



A 300Hz (UL) Doppler corresponds to 6kph (jogging speed) at 28GHz. High reliability in FR2 is not a use case with “active” mobility, the devices should be stationary.
A 300Hz (UL) Doppler corresponds to 6kph (jogging speed) at 28GHz.
RAN4 to not specify requirement for higher UE speed than 1.5kph, i.e., to choose TDLA30-75.


DM-RS
In RAN4#96-e no consensus was reached on the DM-RS configuration [2]:
	· DM-RS
· Option 1: 1+0 and 1+1. 
· Option 2: 1+1



It was previously agreed [2] to have a TDRA of 10 symbols.
Considering the reliability goal, and the possibility to have 1+1 DM-RS in 10 symbol TDRAs, we prefer to go with option 2 to save testing cost.
RAN4 to choose option 2 (DM-RS 1+1) for highest reliability in the agreed 10 symbol TDRA.



Discussion on low latency - FR2
Here we discuss open issues, discussed in the last meeting.

MCS
In RAN4#96-e no consensus was reached concerning the MCS to be used for low latency testing [2]:
	· MCS
· Option 1: MCS10 from table 3
· Option 2: MCS 5 or MCS 2 from table 3



We remind the scenario being 
· FR2
· SCS/CBW for FR2: 60kHz/50 MHz, 120 kHz/ 50 MHz
· PUSCH mapping Type B
· TDRA 2, 4, or 7
We don’t see an issue with MCS10 of the low spectral efficiency table, which is far away from a high coding rate (modulation order 2, with 308/1024 code rate). The MCS value fits an appropriately small to mid-sized payload even in the case of one data symbol (2 OS TDRA with one DM-RS).
RAN4 to chose MCS10 from table 3.
However, any of the proposed options would result in usable requirements.


DM-RS
In RAN4#96-e no consensus was reached concerning the DM-RS addPos configuration [2]:
	· DM-RS
· Option 1: 1+0 and 1+1.
· Option 2: 1+0 
· Option 3: 1+1 if symbol length larger than 4 



Even though we are discussing low latency operation, higher reliability options should be additionally chosen whenever there is no goal conflict.
RAN4 to choose addPos=0, if TDRA=2 or 4 OS is chosen, and addPos=1, if TDRA= 7 OS is chosen.


Symbol length (TDRA)
In RAN4#96-e no consensus was reached concerning the TDRA/slot length [2]:
	· Symbol length
· Option 1: 2
· Option 2: 4
· Option 3: 7



We don’t see a reason to chance the TDRA w.r.t. the FR1 use case. The same arguments apply.
RAN4 to choose the same TDRA as for FR1, i.e., 2 symbols.


PT-RS
Until now, the PT-RS configuration has not been discussed for FR2 low latency requirements.
We don’t see 
RAN4 to match the Rel-15 FR2 PUSCH eMBB PT-RS configuration for FR2 low latency testing, i.e., K=2 and L=1, at least for TDRAs >=4 symbols.



Discussion on Rel-16 URLLC BS features
Here we discuss open issues, discussed in the last meeting.

PUSCH repetition type B
In RAN4#96-e it was captured that PUSCH repetition type B “needs to be discussed” [2]:
	· Features need to be discussed
· PUSCH repetition type B
· Inter-UE multiplexing
· Other features not precluded.



Given the varied possible configurations for mini-slot repetitions (within slot boundary, across slot boundary non-aligned, across slot boundary aligned, S+L>14), each with many details and use cases to be discussed, we can’t imagine such a discussion to possible finish anywhere close to the timeframe allocated to performance requirements.
The current TU request excel (bundled with RP-191584) has run out of allocated time in the last meeting. No update to this WID was agreed in the last plenary as far as we are aware: The submitted SR (RP-201661) did not contain the TU allocation excel, just a suggestion to extend to RAN#92, and it was ultimately noted.
RAN4 to not treat PUSCH repetition type B demodulation performance requirements in this WI.


Inter-UE multiplexing
In RAN4#96-e it was captured that inter-UE multiplexing “needs to be discussed” [2]:
	· Features need to be discussed
· PUSCH repetition type B
· Inter-UE multiplexing
· Other features not precluded.



We assume that the intention behind discussing inter-UE multiplexing was to treat the topics of UL cancellation indication and dynamic power boosting URLLC UE when transmitting in overlapped resources with eMBB.
Dynamic power boosting would not have an impact on the current way demodulation requirements are defined, due to SNR requirements taken at the demodulator branch inputs, which makes power control transparent.
Concerning CI messages, assuming the UE/TE behaves correctly (which we assume in BS demod testing), we fail to see the impact on the demodulator in the BS. The Rel-15 URLLC demodulator performance for the (presumably small) TDRA/FDRA configurations of the URLLC allocation in the middle of eMBB allocation is observed.
The question, of the CI impact on eMBB demodulation is more interesting, but we don’t think that the BS should be expected to correctly demodulate a pre-empted/punctured eMBB transport block.
No impact on BS demodulation performance is expected from dynamic power boosting or UL cancellation indication.
RAN4 to not treat inter-UE multiplexing, as no demodulation impact is expected.



Simulation results high reliability

Parameters
The WF contains a great summary of the basic simulation assumptions [2]:
Table 2: 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
n2 for FDD and n8 for TDD [note 1]

	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)

	Note 1: 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.




Results

Table 3: PUSCH BS demod high reliability testing simulation results.
	Test
	
	Agg
	MCS
	Tx
Rx
	Propagation 
condition
	DM-RS
	SCS
	BW
	map
type
	SNR(dB)
@1e-2

	
	
	
	
	
	
	
	
	
	
	Ideal
	Impair
ment

	Test
 1.1
	FDD
	n2
	Table 3,
 MCS5
	1T2R
	TDLB100-400
	DMRS 1+1
	15kHz
	5MHz
	type A
	-10
	-7.5

	
	
	
	
	
	
	
	
	
	type B
	-9.8
	-7.3

	
	
	
	
	
	
	
	
	10MHz
	type A
	-10.2
	-7.7

	
	
	
	
	
	
	
	
	
	type B
	-9.9
	-7.4

	
	TDD
	n8
	Table 3,
 MCS5
	1T2R
	TDLB100-400
	DMRS 1+1
	15kHz
	5MHz
	type A
	-12.9
	-10.4

	
	
	
	
	
	
	
	
	
	type B
	-12.7
	-10.2

	
	
	
	
	
	
	
	
	10MHz
	type A
	-13.4
	-10.9

	
	
	
	
	
	
	
	
	
	type B
	-13.2
	-10.7

	Test
 1.2
	
	n2
	Table 3,
 MCS5
	1T2R
	TDLB100-400
	DMRS 1+1
	30kHz
	10MHz
	type A
	-12.9
	-10.4

	
	
	
	
	
	
	
	
	
	type B
	-12.9
	-10.4

	
	
	
	
	
	
	
	
	40MHz
	type A
	-13.0
	-10.5

	
	
	
	
	
	
	
	
	
	type B
	-12.8
	-10.3

	
	
	
	
	
	
	
	
	
	
	
	

	Test
 1.2
	TDD
	n1
	Table 3,
 MCS5
	1T2R
	TDLB100-400
	DMRS 1+1
	30kHz
	10MHz
	type A
	-10.6
	-8.1

	
	
	
	
	
	
	
	
	
	type B
	-10.5
	-8

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Test
 1.3
	TDD
	n8
	Table 3,
 MCS5
	1T2R
	TDLA30-75
	DMRS 1+1
	60kHz
	50MHz
	type B
	-9.4
	-6.9

	
	
	
	
	
	TDLA30-300
	
	
	
	type B
	-10.2
	-7.7

	
	
	
	
	
	TDLA30-75
	DMRS 1+0
	
	
	type B
	-9.3
	-6.8

	
	
	
	
	
	TDLA30-300
	
	
	
	type B
	-10.1
	-7.6

	Test
 1.4
	TDD
	n8
	Table 3,
 MCS5
	1T2R
	TDLA30-75
	DMRS 1+1
	120kHz
	50MHz
	type B
	-7.7
	-5.2

	
	
	
	
	
	TDLA30-300
	
	
	
	type B
	-8.2
	-5.7

	
	
	
	
	
	TDLA30-75
	DMRS 1+0
	
	
	type B
	-7.8
	-5.3

	
	
	
	
	
	TDLA30-300
	
	
	
	type B
	-8.2
	-5.7





Simulation results low latency

Parameters
The WF contains a great summary of the basic simulation assumptions [2]:
Table 4: Simulation parameters.
	Parameter
	Value

	Frequency range
	FR1/FR2

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	PUSCH mapping type
	Type B

	
	Start symbol
	0 

	
	Allocation length
	[2, 4, 7]

	
	PUSCH aggregation factor
	n1

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	[0, 1]

	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 [5, 10]

	Propagation condition
	TDLC300-100 - FR1
TDLA30-300 - FR2
Low

	Maximum number of HARQ transmissions
	1

	Frequency domain resource assignment
	Full bandwidth

	Test metric
	70% maxTP 




Results

Table 5: PUSCH BS demod low latency testing simulation results.
	Test
	Symbol length
	Tx/Rx
	PUSCH mapping type
	MCS level
	Propagation condition
	DMRS
	SCS
	BW
	SNR (dB)

	
	
	
	
	
	
	
	
	
	Ideal
	Impair-
ment

	Test 2.1
	2os
	1T2R
	type B
	Table 3, MCS10
	TDLC300-100
	DMRS 1+0
	15kHz
	5MHz
	-1.7
	0.8

	
	
	
	
	
	
	
	
	10MHz
	-2.3
	0.2

	Test 2.2
	2os
	1T2R
	 type B
	Table 3, MCS10
	TDLC300-100
	DMRS 1+0
	30kHz
	10MHz
	-1.8
	0.7

	
	
	
	
	
	
	
	
	40MHz
	-2.5
	0

	
	
	
	
	
	
	
	
	
	
	

	Test 2.3
	2os
	1T2R
	type B
	Table 3, MCS10
	TDLA30-300
	DMRS 1+0
	60kHz
	50MHz
	-1.3
	1.2

	
	4os
	
	
	
	
	
	
	
	-1.3
	1.2

	
	7os
	
	
	
	
	
	
	
	-1.5
	1

	
	7os
	
	
	
	
	DMRS 1+1
	
	
	-1.4
	1.1

	Test 2.4
	2os
	1T2R
	type B
	Table 3, MCS5
	TDLA30-300
	DMRS 1+0
	60kHz
	50MHz
	-5.4
	-2.9

	
	4os
	
	
	
	
	
	
	
	-5.6
	-3.1

	
	7os
	
	
	
	
	
	
	
	-5.5
	-3

	
	7os
	
	
	
	
	DMRS 1+1
	
	
	-5.6
	-3.1

	Test 2.5
	2os
	1T2R
	type B
	Table 3, MCS10
	TDLA30-300
	DMRS 1+0
	120kHz
	50MHz
	-0.4
	2.1

	
	4os
	
	
	
	
	
	
	
	-0.5
	2

	
	7os
	
	
	
	
	
	
	
	-0.7
	1.8

	
	7os
	
	
	
	
	DMRS 1+1
	
	
	-0.5
	2

	Test 2.6
	2os
	1T2R
	type B
	Table 3, MCS5
	TDLA30-300
	DMRS 1+0
	120kHz
	50MHz
	-4.1
	-1.6

	
	4os
	
	
	
	
	
	
	
	-4.3
	-1.8

	
	7os
	
	
	
	
	
	
	
	-4.2
	-1.7

	
	7os
	
	
	
	
	DMRS 1+1
	
	
	-4.2
	-1.7





Conclusion
In this contribution we have provided our views on various open high reliability and low latency (e)URLLC issues. In particular on, remaining configurations for FR1 high reliability, remaining configurations for FR2 low latency, and introduction of Rel-16 URLLC features.
Additionally we have provided the results from our various related simulation campaigns.
We have made the following observations and proposals:


Discussion on high reliability - FR1
Applicability rule for FDD and TDD
1. The agreement to add the explicatory note to the aggregation level configuration, makes an applicability rule unnecessary.
1. RAN4 to not include and applicability rule for FDD and TDD, which would be redundant due to agreed note.

Whether to clarify the safety statement
RAN4 to discuss the inclusion of a statistical testing disclaimer in the online session/GtW.

TDD pattern
RAN4 to agree on DDDSU, S=10:2:2.

Aggregation factor for TDD
The agreement to add the explicatory note to the aggregation level configuration, already decides the question of the aggregation factor for TDD as option 3.
RAN4 to confirm the choice of n8 for DDDSU with note that testing can be performed with a different TDD pattern, as long as the intention of the configuration is preserved.

Channel model
A 300Hz (UL) Doppler corresponds to 6kph (jogging speed) at 28GHz.
RAN4 to not specify requirement for higher UE speed than 1.5kph, i.e., to choose TDLA30-75.

DM-RS
RAN4 to choose option 2 (DM-RS 1+1) for highest reliability in the agreed 10 symbol TDRA.


Discussion on low latency - FR2
MCS
RAN4 to chose MCS10 from table 3.

DM-RS
RAN4 to choose addPos=0, if TDRA=2 or 4 OS is chosen, and addPos=1, if TDRA= 7 OS is chosen.

Symbol length (TDRA)
RAN4 to choose the same TDRA as for FR1, i.e., 2 symbols.

PT-RS
RAN4 to match the Rel-15 FR2 PUSCH eMBB PT-RS configuration for FR2 low latency testing, i.e., K=2 and L=1, at least for TDRAs >=4 symbols.


Discussion on Rel-16 URLLC BS features
PUSCH repetition type B
[bookmark: _GoBack]The current TU request excel (bundled with RP-191584) has run out of allocated time in the last meeting. No update to this WID was agreed in the last plenary as far as we are aware: The submitted SR (RP-201661) did not contain the TU allocation excel, just a suggestion to extend to RAN#92, and it was ultimately noted.
RAN4 to not treat PUSCH repetition type B demodulation performance requirements in this WI.

Inter-UE multiplexing
No impact on BS demodulation performance is expected from dynamic power boosting or UL cancellation indication.
RAN4 to not treat inter-UE multiplexing, as no demodulation impact is expected.
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