3GPP TSG-RAN WG4 Meeting #93
R4-1915125
Reno, Nevada, USA, 18 - 22 November, 2019
Title: 
Discussion on URLLC UE demodulation requirements 
Source: 
Huawei, HiSilicon
Agenda item:
9.9.2.2
Document for:
Discussion
1   Background
The revised WID for Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was approved in [1]. In phase 2, the following performance requirements based on Rel-15 URLLC functionalities will be specify:

· Study and specify the US/BS demodulation performance and UE CQI reporting requirements for high reliability

· The following candidate features related to high reliability should be further identified and prioritized

· PDSCH repetitions over multiple slots
· PUSCH repetitions over multiple slots

· 4-bit CQI Table 3

· MCS index table 3

· Other features are not precluded
· Study and specify the UE/BS demodulation performance and UE CQI reporting requirements for low latency

· The following candidate features related to low latency should be further identified and prioritized

· PDSCH processing capability 2

· Self-contained slot and/or non slot for DL

· PDSCH and PUSCH mapping type A/B

· Pre-emption indication for DL

· Other features are not precluded
In this paper, the UE demodulation performance and UE CQI reporting requirements for high reliability and low latency are discussed and our views are provided. 
2   Discussion

2.1   UE performance for high reliability
From TR 38.913 [2], reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size 300 bytes, the requirements are as follows:

-
Reliability = 1-10-5, and user plane latency = 3-10 msec, for direct communication via sidelink and communication range of (e.g., a few meters)
-
Reliability = 1-10-5, and user plane latency = 3-10 msec, when the packet is relayed via BS.
Note that target communication range and reliability requirement is dependent of deployment and operation scenario (e.g., the average inter-vehicle speed).
Link level evaluation with deployment scenario specific operating point and system level simulation are to be performed for the evaluations of Indoor Hotspot, Urban Macro, Highway, and Urban grid for connected car.
NOTE1:
Other reliability requirements may be added, if needed, e.g. for critical communications relating to high-speed train, and more detailed requirements for eV2X should refer to the SA1 requirements in 3GPP TS 22.886.
To achieve the high reliability, some features are specified. For UE side, the PDSCH repetitions over multiple slots and the 4 bits CQI table 3 are the outstanding features. And we would like to propose the corresponding performance requirements to verify them in this paper.
2.1.1   Demodulation performance

2.1.1.1   PDSCH repetitions over multiple slots
PDSCH repetitions over multiple slots with K = 2, 4, 8 improve the URLLC reliability. Because the new algorithm and essential implementation are needed to support this feature, RAN4 should consider specifying the demodulation performance requirements for PDSCH repetitions over multiple slots. 
Proposal 1: the test requirements for PDSCH repetitions over multiple slots for both FDD and TDD modes with 2RX and 4RX should be defined.
A test is setup for both FDD and TDD modes as following:
Table 2.1.1.1-1: Tests purpose
	Purpose
	Verify the PDSCH repetitions over multiple slots can achieve the target BLER 1-10-5.


Table 2.1.1.1-2 Test parameters:

	Parameter
	Value

	Duplex mode
	FDD/TDD

	Active DL BWP index
	1

	Correlation matrix and Antenna configuration
	2x2, ULA low

2x4, ULA low

	PDSCH configuration
	Mapping type
	Type A

	
	k0
	0

	
	Starting symbol (S) 
	2

	
	Length (L)
	12

	
	PDSCH aggregation factor
	4

	
	PRB bundling type
	Static

	
	PRB bundling size
	4 

	
	Resource allocation type
	Type 0

	
	RBG size
	Config2

	
	VRB-to-PRB mapping type
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	N/A

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	1

	CSI-RS for tracking
	CSI-RS periodicity
	
15 kHz SCS: 20 for CSI-RS resource 1,2,3,4

30 kHz SCS: 40 for CSI-RS resource 1,2,3,4



	
	CSI-RS offset
	15 kHz SCS:

10 for CSI-RS resource 1 and 2

11 for CSI-RS resource 3 and 4

30 kHz SCS:

20 for CSI-RS resource 1 and 2

21 for CSI-RS resource 3 and 4

	Number of HARQ Processes
	1

	Propagation condition
	TDLA30-10
TDLC300-100

	SCS and BW
	FDD:15KHz, 10MHz

TDD:30KHz, 40MHz

	Testing metric
	Target BLER:  1-10-5


In our view, most of parameters of the existing demodulation performance requirements can be reused except for some key parameters including the repetition slot numbers (PDSCH aggregation factor) and MCS.
For the repetition slot numbers, there are three numbers which are K = 2, 4, 8. To reduce the test case number, we would like to choose one of them. Our preference is the number in the middle, i.e., K = 4.

For the MCS, since the new MCS table, i.e., Table 3, is specified, we propose to use the new added lower order MCS, which are specific for URLLC, compared to the other Tables.
Proposal 2: Configure the PDSCH aggregated factor as K=4 and use one of the lowest two entries of MCSs in MCS Table 3 for high reliability demodulation performance requirements.
2.1.2   New CQI table and MSC table 
A new 4 bits CQI table with lower coding rate for PDSCH is designed to achieve the BLER target 1-10-5. Two entries at lower SE side are added based on old 64QAM CQI table and two entries at higher side are removed. A new MCS index table is designed to improve the reliability. For PDSCH, six entries at lower SE side of old 64QAM MCS table are added, four entries at higher SE side are removed and two entries at lower modulation order for same SE based on old 64QAM MCS table are removed.

As the BLER target has been changed and the repetition times has different options, thus, the CQI definition test should be defined. The test design can follow the frame presented in TS38.101-4 Section 6. The BLER criteria should be discussed that whether it is still suitable for the low BLER 1-10-5.
Proposal 3: New CQI definition test should be defined following the frame presented in TS38.101-4 Section6. The metric of BLER criteria should be discussed and the metric of distribution can be reused.
2.2   UE performance for low latency
URLLC requires very low latency, the control plane latency and the user plane latency according to TR 38.913 [2] are defined as following:  
Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
The target for control plane latency should be 10ms.
Analytical evaluation is used as the evaluation methodology.
NOTE1:
For satellite communications link, the control plane should be able to support RTT of up to 600ms in the case of GEO and HEO, up to 180ms in the case of MEO, and up to 50ms in the case of LEO satellite systems.
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.

NOTE2:
For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
When a satellite link is involved in the communication with a user equipment, the target for user plane RTT can be as high as 600ms for GEO satellite systems, up to 180ms for MEO satellite systems, and up to 50ms for LEO satellite systems.

NOTE3:
For the satellite case, the evaluation needs to consider the max RTT that is associated with the GEO satellite systems.

To reduce the latency, some features related to low latency are discussed in this paper, including UE processing time capability 2, PDSCH mapping type B and slot structure. 
2.2.1   UE processing time capability 2

The capability 2 of UE processing time was defined in TS 38.214:

Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	
[image: image1.wmf]m


	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


Compared with capability 1, the capability 2 reduces the latency. It requires UE to send the ACK/NACK after PDSCH receptions. Although UE processing time capability 2 is most of functionality test, it would be needed to verify whether UE supports it in order to enable this important feature to support low latency. So we propose to consider specifying the demodulation requirements for it.
Proposal 4: The requirements for test UE processing time capability 2 should be considered in RAN4. 

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.
Proposal 5: To define UE processing time capability 2, we propose to reuse the existing UL-DL configuration and use the specific configurations on the special slots to verify the performance requirements.

2.2.2   Self-contained slot scheduling
As the structure of “7D+S+U” has been defined, the self-contained slot (i.e., dynamic UL-DL configurations for TDD) will cause interference between the cells with the existed structure and it is not practical in the current deployment scenario in Rel-15/16 stage especially for Macro network.
Proposal 6: The requirements of self-contained slot do not need to be defined.
2.2.3   Non-slot scheduling with mapping type B

The test of non-slot scheduling with mapping type B has been defined in TS 38.101-4 Section 5. Although only non-slot with 7 symbols are used, the totally physical layer latency cannot be fully reduced because the ACK/NACK feedback latency is restricted by the availability of uplink slots in the specified UL-DL configurations. So we think there would be not need to introduce the new demodulation performance requirements with the duration of smaller number of symbols.
Proposal 7: There is no need to introduce the new non-slot demodulation performance requirements.
If companies want to verify the performance for non-slot with the smaller number of symbols, we would like to suggest combining the verification of this feature with the pre-emption feature.
2.2.4   Downlink multiplexing between URLLC and eMBB services: pre-emption scheduling
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. For URLLC service, the pre-emption scheduling is a functional test. For eMBB service, the pre-empted resources can be flushed or not. If the results of two options have a big difference, a new performance requirement should be defined for eMBB service. 
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 8:  Define the RAN5 test to verify pre-emption. 
For eMBB, since there is URLLC data puncturing the eMBB data and UE is required to decode the corresponding DCI and flush the REs occupied by URLLC data, the performance would be different between UEs with and without flushing URLLC data. A special UE implementation, like set the LLR to zero for the REs occupied by URLLC, would be needed to guarantee the less performance loss. So we consider defining the performance requirements for eMBB service to verify the UE implementation to flush the URLLC REs.
Proposal 9: A new performance requirement should be defined for eMBB when there is a big difference between the pre-empted resources are flushed or not. 
3   Proposals
In this contribution, we discussed the features for UE related to URLLC high reliability and low latency. Following has been proposed:
Proposal 1: the performance requirements for PDSCH repetitions over multiple slots for both FDD and TDD modes with 2RX and 4RX should be discussed.
Proposal 2: Configure the PDSCH aggregated factor as K=4 and use one of the lowest two entries of MCSs in MCS Table 3 for high reliability demodulation performance requirements.
Proposal 3: New CQI definition test should be defined following the frame presented in TS38.101-4 Section6. The metric of BLER criteria should be discussed and the metric of distribution can be reused.
Proposal 4: The requirements for test UE processing time capability 2 should be considered in RAN4.
Proposal 5: To define UE processing time capability 2, we propose to reuse the existing UL-DL configuration and use the specific configurations on the special slots to verify the performance requirements.

Proposal 6: The requirements of self-contained slot do not need to be defined.
Proposal 7: There is no need to introduce the new non-slot demodulation performance requirements.

Proposal 8:  Define the RAN5 test to verify pre-emption. 
Proposal 9: A new performance requirement should be defined for eMBB when there is a big difference between the pre-empted resources are flushed or not. 
4   Reference
[1] RP-191584, “Revised WID: Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)”, Huawei, HiSilicon.

[2] 3GPP TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies.”
_1634636229.unknown

