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1   Background
According to the WF[1] from last meeting, when considering the UE demodulation requirements for low latency, the UE processing capability 2 and PDSCH mapping Type B were agreed to be verified. 
·    Introduce PDSCH demodulation performance requirements to verify PDSCH processing capability 2
· UL-DL configuration 
· FFS on TDD pattern
· FFS on which slots will be scheduled
· Introduce performance requirements to verify PDSCH mapping Type B with non-slot configured with fewer symbols than Rel-15 demod
· Option 1: define the additional PDSCH demodulation performance requirements
· Option 2: no specific requirement and verify it in the other introduced performance requirements
When multiplex URLLC and eMBB services, the URLLC has higher priority. The resources allocated to eMBB will be pre-empted by URLLC when it requires. Follow the WF [1] from the last meeting, the PDSCH demodulation performance requirements for pre-emption should be defined. 
· Introduce PDSCH demodulation performance requirements for pre-emption

· Verify the performance of UE flushing the URLLC PDSCH REs which is scheduled by DCI transmitted after that URLLC PDSCH
· FFS whether to define the demodulation requirements to verify decoding performance of PDSCH transmitted ahead of corresponding DCI
In this paper, the above features are discussed. A PDSCH demodulation performance requirements is defined to verify PDSCH processing capability 2 and mapping Type B. 
2   Discussion

2.1.1   UE processing time capability 2 and mapping Type B
PDSCH mapping Type B supports [2, 4, 7] symbols and 7-symbol has already been defined in Rel-15, thus, only 2-symbol and 4-symbol are discussed in this paper. To reduce the workload, the mapping Type B can be verified along with the processing capability 2.
Proposal 1: No specific requirement is needed for PDSCH mapping Type B, it can be verified with UE processing capability 2 requirements. 
The capability 2 of UE processing time was defined in TS 38.214. Compared with capability 1, the capability 2 reduces the latency:
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Here,

· HARQ-ACK on PUCCH, d1,1 = 0
· HARQ-ACK on PUSCH, d1,1 = 1
· For mapping type B and PDSCH duration is 2-symbol or 4-symbol, d1,2 is number of overlapping symbols of PDCCH and PDSCH.
The value of N1 is based on the table below:
Table 2.1.1-1: PDSCH processing time for PDSCH processing capability 2
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1


Regarding how to test UE processing time capability 2, to avoid the big changes on the specification, we would like to consider reuse the existing UL-DL configuration, which matches the practical deployment better in Rel-15/16 stage, and set the demodulation performance requirements by using the specific configurations on the special slots.
Consider two existing UL-DL configurations which are deployed in Rel-15/16 stage: ‘DDDSU’ and ‘7D1S2U’, the minimum required processing time is calculated in table 2.1.1-2
Table 2.1.1-2 PDSCH capability 2
	SCS
	TDD patterns
	HARQ-ACK on PUCCH (symbols)
	HARQ-ACK on PUSCH (symbols)

	15 KHz
	DDDSU, S=10:2:2
	3
	4

	30 KHz
	7D1S2U, S=6:4:4
	4.5
	5.5

	
	DDDSU, S=10:2:2 
	4.5
	5.5


Consider the basic configuration for S slot of ‘DDDSU’ pattern:
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Observation 1: PDSCH mapping Type B of 2-symbol and 4-symbol can be supported by the special slot of ‘DDDSU’ pattern.

Consider the basic configuration for S slot of ‘7D1S2U’ pattern:
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Observation 2: PDSCH mapping Type B of 2-symbol and 4-symbol can be supported by the special slot of ‘7D1S2U’ pattern.

As the ‘DDDSU’ pattern is practical deployed for both 15 KHz and 30 KHz SCS, to simplify the requirements we propose to use ‘DDDSU’ pattern to verify UE processing capability 2.
Proposal 2: To verify UE processing time capability 2, we propose to use ‘DDDSU’ pattern and use the PDSCH mapping Type B with 2-symbol configuration on the special slot to verify the performance requirements.

2.2   UE performance for pre-emption

To verify the performance of UE eMBB service after the REs are pre-emptied by the URLLC service, the BS should notice the location of pre-emptied REs to UE by using Pre-emption Indication (PI).  After the UE receives the DCI, the pre-emptied REs will be flushed as there is no transmission. The LLR can be set to zero for these flushed REs. The UE will decode the received resources after flushing the pre-emptied REs. The eMBB signal will be retransmitted if an NACK is generated. 

PI is carried by DCI format 2_1 which is a group common PDCCH with configurable payload size. The DCI format 2_1 is monitored with slot level periodicity T​INT.  The PI addresses pre-emption events within a reference DL region which is presented by time duration and frequency range. The frequency range can be equal to the BWP and the time duration can be presented by
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. The PI has 14-bit and it can be combined to {14, 1}, {7, 2}. The parameter of timeFrequencySet is used to configure which combination is set for the system. For URLLC service, the minimum number of pre-emptied symbols is 2 with wide bandwidth. 

The following table illustrates the key parameters of this performance requirements: 

Table 2.1-1 Key parameters for pre-emption test
	Parameters
	Values 

	timeFrequencySet
	0

	T​INT
	1

	μ
	0

	μINT
	1

	PI bitmap
	‘00001100000000’


Proposal 3: we propose to use combination of {14, 1} for PI and periodicity T​INT =1.
For URLLC service, UE is required to buffer the slots and monitor URLLC related DCI and decode the PDSCH ahead of that DCI, which requires some special implementation but is quite of functionality test like a signalling test. We wonder if RAN5 can verify this. 

Proposal 4:  Define the RAN5 test to verify URLLC performance for pre-emption. 
3   Proposals
In this contribution, we discussed the UE processing time capability 2, PDSCH mapping Type B and pre-emption. Some proposals are provided:

Observation 1: PDSCH mapping Type B of 2-symbol and 4-symbol can be supported by the special slot of ‘DDDSU’ pattern.

Observation 2: PDSCH mapping Type B of 2-symbol and 4-symbol can be supported by the special slot of ‘7D1S2U’ pattern.
Proposal 1: No specific requirement is needed for PDSCH mapping Type B, it can be verified with UE processing capability 2 requirements.
Proposal 2: To define UE processing time capability 2, we propose to use ‘DDDSU’ pattern and use the PDSCH mapping Type B with 2-symbol configuration on the special slot to verify the performance requirements.
Proposal 3: we propose to use combination of {14, 1} for PI and periodicity T​INT =1.
Proposal 4:  Define the RAN5 test to verify URLLC performance for pre-emption. 
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