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1   Background
As per the defined NR PUSCH demodulation requirements [1~3], maximum 4 HARQ transmission including one initial transmission and 3 retransmission with RV sequence {0,2,3,1} are considered. NR is asynchronous transmission system that is different from LTE, the specific number of HARQ process and HARQ timing K2 for PUSCH transmission are configurable and need to be specified for real testing.

In this contribution, we share our analysis for the number of HARQ process and K2 value for PUSCH performance requirements.

2   Discussion

In LTE, for single carrier PUSCH transmitted in subframe n, PHICH is used to feedback corresponding HARQ-ACK in subframe n + kPHICH , kPHICH = 4 for FDD, kPHICH is given in Table 9.1.2-1 of TS 36.213 for TDD as following:
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Table 7-1: Maximum number of DL HARQ processes for TDD

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


It means the fixed scheduling relationship between PUSCH transmission and PHICH HARQ-ACK feedback for single carrier, same for CA scenario as per section 9.1.2 of TS 36.213, the maximum number of HARQ process are specified in Table 7-1 of TS 36.213 for different TDD UL/DL configuration, it is not necessary to further clarify them in LTE BS conformance testing specification TS 36.141. During LTE BS conformance testing, the PHICH HARQ-ACK feedback is transmitted by using a synchronization line between BS and TE to trigger TE to transmit or retransmit PUSCH data, BS just indicates ACK or NACK, it is not necessary to use UCI to schedule TE for PUSCH transmission.
NR is asynchronous HARQ process, no PHICH is defined and BS indicates the HARQ-ACK for PUSCH transmission by NDI in DCI 0_0 and 0_1. The number of HARQ process, the specific HARQ timing and the specific slot format can be semi-statically configured by higher signaling or dynamically indicated by DCI. RAN4 defined the related configurations for NR UE demodulation performance tests in TS 38.101-4, but no related configurations for NR BS demodulation conformance testing are defined in TS 38.141-1/2 till now. 
Observation 1: No specific HARQ timing defined for NR BS demodulation performance tests, but it is needed.

By following the logic defined for NR UE performance test, we give our analysis for the number of HARQ process, the specific HARQ timing for those default TDD UL-DL configurations used for NR BS performance requirements definitions, i.e.:
· TDD 15kHz SCS: 3D1SU, S=10:2:2

· TDD 30kHz SCS: 7D1S2U, S=6:4:4

· TDD 60kHz and 120kHz SCS: 3D1SU, S=10:2:2
As per RAN2 TS 38.331, the number of HARQ process for PUSCH is 1..16:
ConfiguredGrantConfig ::=           SEQUENCE {

    nrofHARQ-Processes                  INTEGER(1..16),

}

The slot offset K2 is decided by the UE PUSCH preparation procedure time defined in Table 6.4-1 of TS 38.214:

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36


It means that certain minimum scheduling interval is needed from UCI to PUSCH to allow UE some time to prepare the PUSCH transmission; another aspect, BS needs certain time to process the received PUSCH data and prepare the next scheduling as per the processing results for different HARQ processes.
RAN4 already agreed that same BS demodulation performance requirements are applicable to FDD and TDD with different UL-DL patterns, there are the following TDD UL-DL configurations defined for UE demodulation performance requirements in TS 38.101-4:
· FR1 15kHz SCS: DDDSU, S=10:2:2

· FR1 30kHz SCS: 
· 7D1S2U, S=6:4:4
· DDDSU, S=10:2:2

· DDDSUDDSUU, S=10:2:2

· DDDSUUDDDD, S=6:4:4

· DSUU, S=12:2:0
· DS1S2U, S1=10:2;2, S2 = 12:2:0
· FR2 60kHz SCS:
· DDSU, S=11:3:0

· FR2 120kHz SCS:

· DDDSU, S=10:2;2

· DDSU, S=11:3:0
UE needs to supports all possible TDD UL-DL configurations, but a BS does not need to support all, how to flexibly test NR BS with FDD or TDD with different UL-DL patterns during the real testing? Considering the test cost including both TE and BS implementation complexity to cater for the demodulation performance test, one unified and simplified method should be considered among different BS vendors and TE vendors to align the real testing. We think the following principles can be considered:
1: It should be duplex mode, TDD UL-DL configurations and subcarrier spacing agnostic considering that RAN4 already agreed to apply the same performance requirements for FDD and TDD with different UL-DL configurations;

2: It should be simplified as much as possible as did for LTE BS demodulation conformance test considering the TE implementation cost and market demand;

3: BS and TE are connected by a synchronization serial line, no standard air interface Uu is setup between them, so it is impractical to configure HARQ timing, such as K2 value as specified in the specification, reduced DCI format 0_0 and 0_1, i.e. not include all information defined in DCI format 0_0 and 0_1 should be considered during the test.
As per the above principle, we have the following suggestions to try to make the test: 
Option 1: BS schedules the PUSCH transmission in a fixed periodicity, such as 5ms,with one HARQ process
Option 2: BS schedules the PUSCH transmission in any available DL slots before the following first UL slot with one HARQ process. To make it TDD UL-DL configurations agnostic, only schedule the first available UL slot if more than one consecutive UL slots for certain TDD UL-DL configurations.
Option 3: BS schedules the PUSCH transmission a certain time in advance, i.e. configure K2 with a fixed value, such as 4 slots. This method will not be TDD UL-DL configuration agnostic considering no one K2 value applicable to any TDD UL-DL configurations.
BS only needs to inform the initial transmission or retransmission by indicating different RV {0,2,3,1} to TE, TE just needs to passively transmit the requested data with the correct RV in the following first available UL slot, otherwise TE should stop to transmit any data and just wait for the next scheduling for transmission.
Proposal 1: Perform the NR BS demodulation conformance testing as following:

· TE firstly generates a fixed data sequence with 0, 1 symbol as per the payload size defined in the FRC for each test
Option 1:

· BS schedules the PUSCH transmission in a fixed periodicity, such as 5ms, by only indicating different RV sequence {0,2,3,1} to TE every time;
· TE passively transmits the data with the correct RV in the following first available UL slot after TE receives the scheduling from BS, otherwise

· TE should stop to transmit any data and just wait for the scheduling for PUSCH data transmission
Option 2:

· BS schedules the PUSCH transmission in any available DL slots before the following first available UL slots with one HARQ process, only schedule the first UL slot if more than one consecutive UL slots
· TE passively transmits the data with the correct RV in the following first available UL slot after TE receives the scheduling from BS, otherwise
· TE should stop to transmit any data and just wait for the scheduling for PUSCH data transmission
3   Proposals
In this contribution, we share our view about the NR BS demodulation performance testing, and our observations and proposals are:

Observation 1: No specific HARQ timing defined for NR BS demodulation performance tests
Proposal 1: Perform the NR BS demodulation conformance testing as following:

· TE firstly generates a fixed data sequence with 0, 1 symbol as per the payload size defined in the FRC for each test
Option 1:

· BS schedules the PUSCH transmission in a fixed periodicity, such as 5ms, by only indicating different RV sequence {0,2,3,1} to TE every time;

· TE passively transmits the data with the correct RV in the following first available UL slot after TE receives the scheduling from BS, otherwise

· TE should stop to transmit any data and just wait for the scheduling for PUSCH data transmission
Option 2:

· BS schedules the PUSCH transmission in any available DL slots before the following first available UL slots with one HARQ process, only schedule the first UL slot if more than one consecutive UL slots

· TE passively transmits the data with the correct RV in the following first available UL slot after TE receives the scheduling from BS, otherwise

· TE should stop to transmit any data and just wait for the scheduling for PUSCH data transmission
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