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Introduction
In the previous RAN4 e-meetings, UE demodulation performance test cases were agreed for the following NR UE URLLC features with higher BLER requirement: PDSCH slot aggregation for both FR1 and FR2, PDSCH mapping type B and processing capability 2 for FR1,  PDSCH mapping type B for FR2, and PDSCH pre-emption for FR1. In this paper we provide with our views on the remaining issues and simulation assumptions for these functionality tests. 
Discussion
PDSCH slot aggregation
Discussions for FR1
The following open issues for FR1 slot aggregation are remained from 96-e meeting:
· HARQ process number: 2 for FDD and 4 for TDD
· MCS: 
· Option 1: MCS13
· Option 2: MCS16
· Option 3: MCS19
In WF [1], it’s agreed that an MCS which gives higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM) is to be selected for slot aggregation demodulation tests. Our simulation results show that in both FDD and TDD cases, for 4Rx, the final SNR operating points at 1% BLER target with MCS13/16 are lower than -4dB. Therefore, we have the following proposal:
Proposal 1: Configure MCS 19 for slot aggregation test.
Discussions for FR2
In WF [1], some simulation assumptions were agreed for FR2 slot aggregation tests, while some test parameters are still open for discussion. We have the following proposals on the simulation assumptions.
For the same reason as for FR1, to avoid scenarios with different reliability for different packets, we propose to define TDD pattern DDSU for FR2 slot aggregation test. In FR2 we currently define demodulation test cases with DDSU, and DDDSU correspondingly. In agreement with RAN4 we have agreed to aggregate two consecutive slots for reliability enhancements and skip the scheduling PDSCH on the special slot. Thus, mitigating the issues arising with different code rates for a fixed transport block size across the aggregated ‘D’ slot and consecutive ‘S’ slot (which has fewer time domain symbols allocated for downlink data). Given these constraints in mind the FR2 TDD pattern DDSU is better conditioned for a slot aggregation test with aggregation factor 2 due to less overhead, and less slots being omitted from PDSCH scheduling.
Observation 1: TDD pattern DDSU with aggregation factor 2 causes less overhead from a scheduling perspective given RAN4 agreed scheduling constraints  
Furthermore, due to the assumption that PDSCH is not scheduled every first slot within 20ms to avoid collision with S-SSB, similarly to FR1 slot aggregation requirements, we propose to exclude PDSCH scheduling in slots i, where mod(i, 160) = 0 and mod(i, 160) = 1.
Proposal 2: Define TDD pattern DDSU for FR2 slot aggregation test.
Proposal 3: Exclude PDSCH scheduling in slots i, where mod(i, 160) = 0 and mod(i, 160) = 1.
We propose to adopt the same methodology as FR1 and select an MCS which gives higher or equal to -4 dB for final 2 Rx requirement definition (average ideal SNR alignment result + IM). Our simulation results show that the SNR operating points at 1% BLER target with MCS13 could be too low to be defined as PDSCH demodulation requirements. And RAN4 has previously defined TDLA30-300 channel model in FR2 FRC for rank1 with higher MCS, we propose to define MCS16 or MCS19 and TDLA30-300 for FR2 slot aggregation feature test.
Proposal 4: Select an MCS which gives higher or equal to -4 dB for final 2 Rx requirement definition (average ideal SNR alignment result + IM)

Proposal 5: Define FR2 PDSCH slot aggregation test with the configurations summarized in Table 1 below.
Table 1 FR2 PDSCH slot aggregation test configurations
	· TDD pattern: DDSU
· AL = 2
· Propagation condition: TDLA30-75, TDLA30-300
· SCS & CBW
· 120kHz & 100MHz
· MCS: {13, 16, 19} from table 3
· PDSCH configuration: Mapping type A, symbol length 13, starting symbol 1.
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· Antenna configuration 2x2, ULA low
· Target BLER 1%
· Scheduling for PDSCH:
· No scheduling in D slot i, where mod(i,160) = 0 and mod(i, 160) = 1, and S slots
· PTRS on
· Overhead for TBS determination: 6



PDSCH mapping type B and processing capability 2
There is no remaining open issue for FR1 PDSCH mapping type B and processing capability 2, here we provide with our views on FR2 remaining simulation assumptions.
Discussions for FR2
In WF [1], the max number of HARQ transmissions is defined to be 4. We propose to have a consistent configuration with FR1 requirements and configure no HARQ retransmission for FR2 also.
Proposal 6: Define max number of HARQ transmissions to be 1 for FR2 PDSCH mapping type B test.
For the PTRS configurations, we propose to use the same RAN4 PDSCH FR2 common test parameters with PTRS Frequency density (KPT-RS) 2, PTRS Time density (LPT-RS) 1 and resource element offset 2
Proposal 7: Define FR2 PDSCH mapping type B test with the configurations summarized in Table 2 below.
Table 2 FR2 PDSCH mapping type B test configurations
	· SCS/CBW: 120 kHz/100 MHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· Scheduling: No PDSCH in slot 0 within 20 ms
· MCS: {MCS4} from table 1.
· Max number of HARQ transmissions: 1
· Number of HARQ process: 8
· Antenna configuration: 2x2, ULA low
· Channel model: 
· Option 1: TDLA30-75
· PTRS on
· Overhead for TBS determination: 6
· Test metrics: 70% throughput
· PDSCH Configuration: Start symbol 1, Symbol length 7
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· PTRS configuration: Frequency density (KPT-RS) 2, Time density (LPT-RS) 1, resource element offset 2


PDSCH pre-emption
Discussions
URLLC PDSCH pre-emption performance test is only defined for FR1. The following open issues remain from the previous 96-e meeting:
· Pre-emption probability
· Option 1: 10% within 1 radio frame
· Option 2: 20% within 1 radio frame
· eMBB MCS 
· Option 1: MCS13 in Table 1
· Option 2: MCS4 in Table 1
· Test metric
· Option 1: 70% of max T-put
· Other options are not precluded
Our simulation results show that for both FDD and TDD, the SNR operating points for 70% maximum throughput with MCS4 and 4Rx are too low to be defined as PDSCH demodulation requirements.
Proposal 8: Configure MCS13 for pre-emption tests.
We think it provides with sufficient test coverage to define the eMBB UE demodulation requirement tests only with 10% pre-emption probability. If pre-emption occurs more than 10% during a radio frame, then it could be more realistic to schedule Type B transmission rather than using the pre-emption feature.
Proposal 9: Only configure 10% pre-emption probability for pre-emption tests

Rel-16 URLLC UE features
Background
In the previous RAN4 96-e meeting, a list of candidate UE URLLC features for Rel-16 were suggested for performance requirement definitions, but without time to be further discussed. Here we provide an overview of the potential Rel-16 UE URLLC features and their applicability to RAN4 UE performance testing.
PDCCH enhancements
To achieve the high reliability required for URLLC, it is important that transmission of DCI through PDCCH is sufficiently reliable. Similarly, to achieve the required low latency, PDCCH monitoring occasions needs to be sufficiently frequent so that any excessive waiting time for sending DL assignment or UL grant can be avoided. In Rel-16, RAN1 introduces the following PDCCH enhancement features to enable high reliability and low latency, which may require RAN4 to define new URLLC UE demodulation requirement tests.
New configurable DCI formats 0_2 and 1_2
In Rel-16, new DCI formats 0_2 and 1_2 for UL and DL scheduling are introduced, which share a lot of similarity with the non-fallback DCI formats 0_1/1_1 but with a higher degree of configurability where more fields can be configurable in size with a possibility to be absent (0 bit). The minimum DCI sizes of these new formats target a reduction of 10-16 bits compared to Rel-15 DCI formats 0_0/1_0. The new DCI format 1_2 has not been defined in RAN4 PDCCH demodulation testing, while DCI formats 1_0 and 1_1 have already been introduced in Rel-15 eMBB PDCCH requirements. The payload size covered with Rel-15 eMBB requirements is up to 52 bits. A proper payload size for DCI format 1_2 test needs to be discussed in RAN4.
Proposal 10: Define new PDCCH demodulation test for DCI format 1_2 and discuss the payload size in RAN4.
PDCCH monitoring capability enhancement
URLLC UE demodulation performance test for PDSCH mapping type B is currently under discussion in RAN4. To achieve the full benefits of mapping type B, it is necessary to have more frequent and multiple PDCCH monitoring occasions within a slot. In Rel-15, there exists configuration limits on the total number of blind decodes (BD) and non-overlapping CCEs for channel estimation in a slot which restrict the scheduling options, and thus the PDCCH monitoring capability is applied on a slot level. In Rel-16, to better support multiple PDCCH monitoring occasions in a slot, new PDCCH monitoring capabilities are defined in RAN1. The limits on BDs and the number of CCEs can be configured to be applied per monitoring span or per slot​.
The PDCCH monitoring span pattern within a slot is configured based on CORESET/search space configuration and UE capability signaling related to PDCCH monitoring. The UE signals a candidate value set which contains parameters related to span gap X (minimum gap in OFDM symbols between two consecutive spans) and span length Y in OFDM symbols. Together with the CORESET/search space configuration, the monitoring span pattern can then be derived. In Rel-16, three PDCCH monitoring span gap combinations (X, Y) = (2, 2) (4, 3) (7, 3) are supported.​ In Rel-16, the per-span CCE limit is specified in RAN1 for each candidate value (X,Y) for different SCS (15 and 30 kHz) as shown in Table 1 [1]. For 60 and 120 kHz SCS, the slot duration is short enough to support the low latency requirements of URLLC with a single PDCCH monitoring occasion in the beginning of a slot and thus no enhanced PDCCH monitoring capability is needed.
Table 1 Maximum number C of non-overlapped CCEs in a span for combination (X,Y) with SCS configuration µ for a single serving cell. The Rel-15 slot limit is included as a reference. 
	X
	Y
	C

	
	
	µ=0
	µ=1
	µ=2
	µ=3

	2
	2
	18
	18
	-
	-

	4
	3
	36
	36
	-
	-

	7
	3
	56
	56
	-
	-

	Rel-15 slot limit
	56
	56
	48
	32


In Rel-15 RAN4 PDCCH performance tests, PDCCH monitoring is performed per slot. However, we do not see impacts in terms of demodulation performance by multiple PDCCH monitoring occasions per slot.
Proposal 11: Do not need to define new URLLC PDCCH demodulation test for covering multiple PDCCH monitoring occasions per slot.

Conclusion
In this contribution, we’ve summarized our views for different UE URLLC features defined for FR1 and FR2, and also the candidate Rel-16 URLLC UE features. Based on the discussions in this paper, we propose the following:
Slot aggregation FR1
Proposal 1: Configure MCS 19 for slot aggregation test.
Slot aggregation FR2
Observation 1: TDD pattern DDSU with aggregation factor 2 causes less overhead from a scheduling perspective given RAN4 agreed scheduling constraints
Proposal 2: Define TDD pattern DDSU for FR2 slot aggregation test.
Proposal 3: Exclude PDSCH scheduling in slots i, where mod(i, 160) = 0 and mod(i, 160) = 1.
Proposal 4: Select an MCS which gives higher or equal to -4 dB for final 2 Rx requirement definition (average ideal SNR alignment result + IM)
Proposal 5: Define FR2 PDSCH slot aggregation test with the configurations summarized in Table 1 below.
Table 1 FR2 PDSCH slot aggregation test configurations
	· TDD pattern: DDSU
· AL = 2
· Propagation condition: TDLA30-75, TDLA30-300
· SCS & CBW
· 120kHz & 100MHz
· MCS: {13, 16, 19} from table 3
· PDSCH configuration: Mapping type A, symbol length 13, starting symbol 1.
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· Antenna configuration 2x2, ULA low
· Target BLER 1%
· Scheduling for PDSCH:
· No scheduling in D slot i, where mod(i,160) = 0 and mod(i, 160) = 1, and S slots
· PTRS on
· Overhead for TBS determination: 6


PDSCH mapping type B FR2
Proposal 6: Define max number of HARQ transmissions to be 1 for FR2 PDSCH mapping type B test.
Proposal 7:  Define FR2 PDSCH mapping type B test with the configurations summarized in Table 2 below.
Table 2 FR2 PDSCH mapping type B test configurations
	· SCS/CBW: 120 kHz/100 MHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· Scheduling: No PDSCH in slot 0 within 20 ms
· MCS: {MCS4} from table 1.
· Max number of HARQ transmissions: 1
· Number of HARQ process: 8
· Antenna configuration: 2x2, ULA low
· Channel model: 
· Option 1: TDLA30-75
· PTRS on
· Overhead for TBS determination: 6
· Test metrics: 70% throughput
· PDSCH Configuration: Start symbol 1, Symbol length 7
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· PTRS configuration: Frequency density (KPT-RS) 2, Time density (LPT-RS) 1, resource element offset


PDSCH pre-emption FR1
Proposal 8: Configure MCS13 for pre-emption tests.
Proposal 9: Only configure 10% pre-emption probability for pre-emption tests
Rel-16 URLLC UE features
Proposal 10: Define new PDCCH demodulation test for DCI format 1_2 and discuss the payload size in RAN4.
Proposal 11: Do not need to define new URLLC PDCCH demodulation test for covering multiple PDCCH monitoring occasions per slot.
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