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1	Introduction
During the agreed work plan for URLLC demodulation performance requirements in [1], from the RAN4#92bis meeting, it is agreed to identify and prioritize the features that related demodulation performance requirement for high reliability from the following features based on Rel-15 URLLC functionalities:
· PDSCH repetitions over multiple slots
· PUSCH repetitions over multiple slots
· 4-bit CQI Table 3
· MCS index table 3
· Other features are not precluded
And to identify and prioritize the features that related demodulation performance requirement for low latency from the following features based on Rel-15 URLLC functionalities:
· PDSCH processing capability 2
· Self-contained slot and or not-slot for DL
· PDSCH and PUSCH mapping type A/B
· Pre-emption indication for DL
· Other features are not precluded
In this contribution, the view on URLLC performance requirements is presented.
2	Discussion
2.1	Requirements for high reliability
PUSCH requirement
In order to improve reliability, PUSCH based on slot repetitions is the important feature for URLLC. Based on RAN1 design, the number of repetitions can be supported if UE is configured with pusch-AggregationFactor as follows
pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S

Meanwhile, as indicated, the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the pusch-AggregationFactor consecutive slots applying the same symbol allocation in each slot, which means there is no inter-slot frequency hopping.
Proposal 1: The PUSCH requirement with repetition should be considered for URLLC in RAN4. The requirement is available for only single transmission layer.
Excepting for repetition, the normal HARQ combination with different RV can be regarded as an efficient way to improve the reliability. The following are different RV configuration for repetitions is presented
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



MCS table
New MCS table with low coding rate is supported for PUSCH to improve reliability. The same coding rate is available for both CP-OFDM and DFT-s-OFDM. It is straight forwards that the requirement should be considered in RAN4. 
Proposal 2 The PUSCH requirement with new MCS table for URLLC with reliability should be considered in RAN4.
PUCCH requirement
In eMBB, multi-slot is supported for PUCCH format 1/3/4 to improve the reliability of UCI detection performance.  Meanwhile, the intra-slot frequency and inter-slot frequency hopping are also supported to improve the detection performance with additional frequency diversity gain. NR Rel-15 has already defined the requirement with frequency hopping and multi-slot transmission. From the demodulation performance point of view, there is not different with multi-slot or repetition transmission.
Proposal 3: There is no PUCCH performance with repetition for URLLC
2.2	Requirements for low latency
For latency requirements, it should be related with UE/BS processing timing, response time, timing adjustment, UL schedule (both SR and SPL). 
In [2], the timing assumption with different SCS and symbol lengths is given by
	Timing
	15/30kHz SCS
	120kHz SCS

	#TTI
	7os TTI
	4os TTI
	2os TTI
	7os TTI
	4os TTI
	2os TTI

	gNB processing
	1
	1
	2
	2
	3
	5

	UL timing
	1
	1
	2
	2
	3
	5


 
The latency for DL and UL data can be illustrated as 
		[image: ]
Figure 1, latency for data transmission with DL and UL
Based on this procedure, the latency for FDD based on HARQ retransmission can be analyzed simply as [1]  
Table 1, latency for data transmission with HARQ-based retransmission
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS
	120kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1st transmission
	2.4
	1.4
	1.0
	0.71
	1.2
	0.71
	0.50
	0.36
	0.41
	0.29
	0.23
	0.20

	
	1 retx
	5.4
	2.9
	1.9
	1.4
	2.7
	1.5
	0.93
	0.71
	0.79
	0.60
	0.48
	0.39

	
	2 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	3 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79

	UL data (SR)



	1st transmission
	4.5
	2.5
	1.6
	1.4
	2.3
	1.3
	0.82
	0.68
	0.67
	0.54
	0.46
	0.38

	
	1 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	2 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79

	
	3 retx
	14
	7.4
	4.4
	3.6
	7.2
	3.7
	2.2
	1.8
	1.9
	1.5
	1.2
	0.98

	UL data (SPS)



	1st transmission
	2.4
	1.4
	1.0
	0.71
	1.2
	0.71
	0.50
	0.36
	0.41
	0.29
	0.23
	0.20

	
	1 retx
	5.4
	2.9
	1.9
	1.4
	2.7
	1.5
	0.93
	0.71
	0.79
	0.60
	0.48
	0.39

	
	2 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	3 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79



As indicated in this table, slot based transmission with 120 KHz can meet 1ms target. With 15KHz SCS and higher, mini-slot based transmission can fulfill latency target. With 30KHz SCS and higher, mini-slot HARQ-based retransmission can fulfill latency target.
For Rel-15 NR, The performance requirement for both slot based and not slot based PUSCH with type A and type B have been defined. To verify the latency feature, mini slot based transmission can be regarded to one solution to meeting latency targeting, such as 2, 4 or 7 symbols.
It is agreed that no combined performance requirements will be defined by meeting both reliability of 99.999% and low latency requirements. That means some features with slot repetitions to improve high reliability should not be combined.
Proposal 4: The mini-slot based transmission could be considered to define requirements for meeting latency targeting. 
PUSCH mapping type A/B
NR defines two kinds of time domain resource allocation, type A and type B. The start symbol and symbol length can be configured in time domain as follows:
Table 3: time domain resource allocation 
	
	Start symbol
	length

	Type A
	0
	{4,…,14}

	Type B
	{0,13}
	{1,….14}



For mapping type B, the front loaded DMRS is located with the first allocated data symbol. From the implementation point view, the process delay is less for type B, which can help decoding latency by obtaining a fast channel estimate and performing sequential decoding of frequency-first mapped code blocks. In NR Rel-15, the requirement for type B is defined. So, there is no need to verify the requirement of type B individually. To reduce the number of test cases, the type B requirement should be combined with other URLLC feature.
Proposal 5: PUSCH type B requirement should be considered for URLLC combined with other URLLC feature. There is no individual requirement for mapping type B.
Conclusion
In this contribution, the initial results are provided to analyze the URLLC with high reliability requirement.
Proposal 1: The PUSCH requirement with repetition should be considered for URLLC in RAN4. The requirement is available for only single transmission layer.
Proposal 2 The PUSCH requirement with new MCS table for URLLC with reliability should be considered in RAN4.
Proposal 3: There is no PUCCH performance with repetition for URLLC
Proposal 4: The mini-slot based transmission could be considered to define requirements for meeting latency targeting. 
Proposal 5: PUSCH type B requirement should be considered for URLLC combined with other URLLC feature. There is no individual requirement for mapping type B.
[bookmark: _GoBack]References
R4-1910044, WF on URLLC demodulation performance requirements, Huawei
R1-1806016, Evaluation of UP latency in NR	Ericsson
image1.png
Processing
—>
Response

Data in Alignment

Processing )
Data transmission time o
or SR Data transmission
Feedback or retransmission
Response or grant P )
fime rocessing
RXend --——-cmmeee e LS

—

Processing Data out






3GPP TSG


-


RAN 


WG4 


Meeting 


#9


3


              


 


R4


-


1913370


 


Reno


, 


USA


, 


1


8


th


–


 


22


th


 


Nov


,


 


201


9


 


 


Agenda item:


 


9.9.2.3


 


Source:


 


Samsung


 


 


 


Title:


 


View on URLLC performance requirements in NR Rel


-


16


 


Document for:


 


Discussion


 


1


 


Introduction


 


During the ag


reed work plan for URLLC demodulation performance requirements in [1], from the RAN4#92bis 


meeting, it is 


agree


d to identify and prioritize the features that related 


demodulation


 


performance requirement for 


high 


reliability


 


from the following features base


d on Rel


-


15 URLLC functionalities:


 


-


 


PDSCH repetitions over multiple slots


 


-


 


PUSCH repetitions over multiple slots


 


-


 


4


-


bit CQI Table 3


 


-


 


MCS index table 3


 


-


 


Other features are not precluded


 


And to identify and prioritize the features that related 


demodulation


 


performance requirement for 


low latency from 


the following features based on Rel


-


15 URLLC functionalities:


 


-


 


PDSCH processing capability 2


 


-


 


Self


-


contained slot and or not


-


slot for DL


 


-


 


PDSCH and PUSCH mapping type A/B


 


-


 


Pre


-


emption indication for DL


 


-


 


Other featur


es are not precluded


 


In this contribution, the view on URLLC performance requirements is presented.


 


2


 


Discussion


 


2.


1


 


Requirement


s


 


for high reliability


 


PUSCH requirement


 


In order to improve 


reliability


, PUSCH based on slot repetitions is 


the 


import


ant


 


feature for URLLC. Based on 


RAN1 design, the number of repetit


ions can be supported if UE is configured with 


pusch


-


AggregationFactor


 


as 


follows


 


pusch


-


AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           


OPTI


ONAL,   


--


 


Need S


 


    


mcs


-


Table                               ENUMERATED {qam256, qam64LowSE}                                     


OPTIONAL,   


--


 


Need S


 


    


mcs


-


TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     


OPTIONAL,   


--


 


Need S


 


 


Meanwhile, as indicated, the PUSCH is limited to a single 


transmission


 


layer. The UE shall repeat the TB across the 


pusch


-


AggregationFactor consecutive slots applying the same symbol allocation in each 


slot, which


 


means there is 


no inter


-


slot 


frequency


 


hopping.


 




3GPP TSG - RAN  WG4  Meeting  #9 3                  R4 - 1913370   Reno ,  USA ,  1 8 th –   22 th   Nov ,   201 9     Agenda item:   9.9.2.3   Source:   Samsung       Title:   View on URLLC performance requirements in NR Rel - 16   Document for:   Discussion   1   Introduction   During the ag reed work plan for URLLC demodulation performance requirements in [1], from the RAN4#92bis  meeting, it is  agree d to identify and prioritize the features that related  demodulation   performance requirement for  high  reliability   from the following features base d on Rel - 15 URLLC functionalities:   -   PDSCH repetitions over multiple slots   -   PUSCH repetitions over multiple slots   -   4 - bit CQI Table 3   -   MCS index table 3   -   Other features are not precluded   And to identify and prioritize the features that related  demodulation   performance requirement for  low latency from  the following features based on Rel - 15 URLLC functionalities:   -   PDSCH processing capability 2   -   Self - contained slot and or not - slot for DL   -   PDSCH and PUSCH mapping type A/B   -   Pre - emption indication for DL   -   Other featur es are not precluded   In this contribution, the view on URLLC performance requirements is presented.   2   Discussion   2. 1   Requirement s   for high reliability   PUSCH requirement   In order to improve  reliability , PUSCH based on slot repetitions is  the  import ant   feature for URLLC. Based on  RAN1 design, the number of repetit ions can be supported if UE is configured with  pusch - AggregationFactor   as  follows   pusch - AggregationFactor                 ENUMERATED { n2, n4, n8 }                                            OPTI ONAL,    --   Need S        mcs - Table                               ENUMERATED {qam256, qam64LowSE}                                      OPTIONAL,    --   Need S        mcs - TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                      OPTIONAL,    --   Need S     Meanwhile, as indicated, the PUSCH is limited to a single  transmission   layer. The UE shall repeat the TB across the  pusch - AggregationFactor consecutive slots applying the same symbol allocation in each  slot, which   means there is  no inter - slot  frequency   hopping.  

