3GPP TSG-RAN WG4 Meeting #90
R4-1901808
Athens, Greece, Feb.25 – Mar.01 2019
Title: 
Discussion on the HARQ timing for NR UE demodulation performance requirements
Source: 
Huawei, HiSilicon
Agenda item:
6.14.1.2
Document for:
Discussion
1   Background
As per the discussions in previous RAN4 meeting, the number of HARQ process for different TDD UL-DL configurations were agreed [1] for most cases, but the specific HARQ timing for NR UE demodulation performance test setup were not decided yet.
	· HARQ process number and timelines

· Assume similar minimum processing time as UE side (N2) for gNB emulator to decide HARQ process number

· FDD: [4]

· TDD

· FR1, 15 kHz SCS (DDDSU): [8]

· FR1, 30kHz TDD (7D1S2U, DDDSU, DDDSUDDSUU): [8]

· FR2, 60kHz TDD (DDSU): [10]

· FR2, 120kHz TDD (DDDSU): [8]

· FR2, 120kHz TDD (DDSU): [10]

· UE HARQ soft combing test cases
· FDD and TDD
· TDD UL-DL configurations: 7D1S2U for FR1 and DDDSU/DDSU for FR2
· 16 HARQ processes for TDD and 8 HARQ processes for FDD


In this contribution, we share our views about the specific K1 values for different TDD UL-DL configurations and number of HARQ process as shown above for the test setup. 
2   Discussion

As per the agreement, the PDSCH processing capability 2 is assumed when RAN4 decided the specific number of HARQ process for different TDD UL-DL configuration and SCS. 
If we check TS 36.214 v15.4.0, we can find the following UE PDSCH processing capability 1 and 2 definition, the aggressive PDSCH processing capability 1 and 2 are used for scenarios with only front-loaded DMRS configured. There is at least one additional DMRS configured for all test cases defined for NR UE PDSCH demodulation performance requirements, so only the PDSCH decoding time N1 for dmrs-AdditionalPosition ≠ pos0 is applied.
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

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

or if the higher layer parameter is not configured 

	0
	8
	N1,0 (=14 or 13)

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 5.3-2: 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


2.1   15kHz SCS
2.1.1   Slot pattern DDDSU
For 15kHz SCS, the slot format = {DDDSU} was agreed, [8] HARQ process was agreed but with square bracket for further check. For 8 HARQ process, the possible HARQ timing can be: 
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Figure 1: HARQ timing for slot format {DDDSU} with 15kHz SCS

As shown in Figure 1, the corresponding K1 values can be {1, 2, 3, 4}.

Proposal 1: Use maximum 8 HARQ processes and K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSU} with 15kHz subcarrier spacing.

2.2   30kHz SCS
As per the test listed in Annex part, for 30kHz SCS, three kinds of TDD UL-DL configurations are agreed: 7D1S2U with S =  6D:4G:4U, DDDSUDDSUU with S1 = 10D:2G:2U, and S2 = 10D:2G:2U, DDDSU with S = 10D:2G:2U.
2.2.1   Slot pattern DDDDDDDSUU
Both [8] and 16 HARQ process were agreed for this slot pattern, the HARQ timing can be analyzed separately for them.
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Figure 2a: HARQ timing for slot format {DDDDDDDSUU} with 30kHz SCS and 8 HARQ processes
As shown in Figure 2a, when the number of HARQ process is 8, K1 values can be selected from {2, 3, 4, 5, 6, 7, 8}. 
The specific HARQ timing for 16 HARQ processes is shown in Figure 2b below:
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Figure 2b: HARQ timing for slot format {DDDDDDDSUU} with 30kHz SCS and 16 HARQ processes
To simplify the test, it is better to use the same K1 values for the HARQ timing for cases with 8 and 16 HARQ processes.
Proposal 2: Use K1 = {2, 3, 4, 5, 6, 7, 8} for UL/DL configuration {DDDDDDDSUU} with 30kHz subcarrier spacing for both 8 and 16 HARQ processes.
2.2.2   Slot pattern DDDSUDDSUU
Maximum 8 HARQ processes was agreed for slot format DDDSUDDSUU, the HARQ timing can be shown below Figure 3:
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Figure 3: HARQ timing for slot format {DDDSUDDSUU} with 30kHz SCS
From the above Figure 3, to simplify the test, we can consider to set the same HARQ timing interval for two parts of “DDDSU” and “DDSUU” of this UL DL configuration as shown above, i.e. K1 values can be selected from {1, 2, 3, 4}. 

Proposal 3: Use K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSUDDSUU} with 30kHz subcarrier spacing and 8 HARQ processes.
2.2.3   Slot pattern DDDSU

Maximum 8 HARQ processes was agreed for slot pattern DDDSU with S=10D:2G:2U for 30kHz SCS. we can derive the following HARQ timing for slot format DDDSU as shown below Figure 4:
[image: image7.png]HARQ 1 2 3 4 5 6 7 8 12 3 4 5 6 7 8
Numbering

30kHz SCS.





Figure 4: HARQ timing for slot format {DDDSU} with 30kHz SCS and 8 HARQQ processes
From the HARQ timing shown in Figure 4, the K1 values can be {1, 2, 3, 4}. 
Proposal 4: Use K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSU} with 30kHz subcarrier spacing and 8 HARQQ processes.
2.3   60kHz SCS
2.3.1   Slot pattern DDSU

10 HARQ processes was agreed for slot format {DDSU} with S= {D11, G3}, the specific HARQ timing is shown in Figure 5 below:
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Figure 5: HARQ timing for slot format {DDSU} with 60kHz SCS and 10 HARQ processes

Proposal 5: Use K1 = {2, 3, 5} for UL/DL configuration {DDSU} with 60kHz subcarrier spacing and 10 HARQ processes.
2.4   120kHz SCS
2.4.1   Slot pattern DDDSU

Maximum 8 and 16 HARQ processes were agreed for slot format DDDSU with S = {10:2:2}, the specific HARQ timing can be analysed in Figure 6a and 6b:
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Figure 6a: HARQ timing for slot format {DDDSU} with 120kHz SCS and 8 HARQ processes
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Figure 6b: HARQ timing for slot format {DDDSU} with 120kHz SCS and 16 HARQ processes
The related K1 values can be {2, 3, 4, 6}.

Proposal 6: Use K1 = {2, 3, 4, 6} for UL/DL configuration {DDDSU} with 120kHz subcarrier spacing for both maximum 8 and 16 HARQ processes.

2.4.2   Slot pattern DDSU

10 HARQ processes was agreed for slot format {DDSU} with S= {D11, G3}, the specific HARQ timing is shown in Figure 7 below:
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Figure 7: HARQ timing for slot format {DDSU} with 120kHz SCS and 10 HARQ processes

Proposal 7: Use K1 = {2, 3, 5} for UL/DL configuration {DDSU} with 120kHz subcarrier spacing and 10 HARQ processes.
3   Proposals
In this contribution, we analyses the number of HARQ processes and corresponding K1 values for the different slot formats for NR UR REFSENS, and give our proposals:

Proposal 1: Use maximum 8 HARQ processes and K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSU} with 15kHz subcarrier spacing.

Proposal 2: Use K1 = {2, 3, 4, 5, 6, 7, 8} for UL/DL configuration {DDDDDDDSUU} with 30kHz subcarrier spacing for both 8 and 16 HARQ processes.
Proposal 3: Use K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSUDDSUU} with 30kHz subcarrier spacing and 8 HARQ processes.
Proposal 4: Use K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSU} with 30kHz subcarrier spacing and 8 HARQQ processes.
Proposal 5: Use K1 = {2, 3, 5} for UL/DL configuration {DDSU} with 60kHz subcarrier spacing and 10 HARQ processes.
Proposal 6: Use K1 = {2, 3, 4, 6} for UL/DL configuration {DDDSU} with 120kHz subcarrier spacing for both maximum 8 and 16 HARQ processes.
Proposal 7: Use K1 = {2, 3, 5} for UL/DL configuration {DDSU} with 120kHz subcarrier spacing and 10 HARQ processes.
4   Reference
[1] R4-1811394 Way forward on NR UE PDSCH demodulation requirements and general aspects, Intel 
5   Annex

Table 1 List of simulation cases for FR1 FDD
	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	Max number of HARQ process
	Number of additional DMRS

	1
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-B 100ns, 400 Hz
	MMSE-IRC
	4
	2

	2
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	6 (in the middle of CBW)
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	4
	1

	3
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 256QAM, MCS 24
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	4
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 16QAM, MCS 13
	2 Layers
	52
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	4
	1

	5a
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	5b
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	8
	1

	6
	10MHz/15kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM, MCS 13
	3 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	7
	10MHz/15kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM, MCS 13
	4 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	8
	10MHz/15kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM, MCS 13
	2 Layers
	52
	TDL-A 30ns, 10Hz
	R-ML
	4
	1

	9
	10MHz/15kHz
	4Tx 4RX ULA Med A
	Type A, 16QAM, MCS 13
	3 Layers
	52
	TDL-A 30ns, 10Hz
	R-ML
	4
	1

	10
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	52
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	8
	1

	11
	10MHz/15kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type B, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	12 (LTE-NR test #1)
	10MHz/15kHz
	4Tx 2Rx ULA Low

4Tx 4Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	13 (LTE-NR test #2)
	10MHz/15kHz
	4Tx 2Rx ULA Low

4Tx 4Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1

	14
	20MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	51
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	1


Table 2 List of simulation cases for FR1 TDD
	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Number of additional DMRS

	1
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-B 100ns, 400 Hz
	MMSE-IRC
	1
	8
	2

	2
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	6 (in the middle of CBW)
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	8
	1

	3
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 256QAM MCS 24
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	1

	4
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	106
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	8
	1

	5a
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 64QAM MCS 19
	2 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	1

	5b
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 64QAM MCS 19
	2 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	16
	1

	6
	40MHz/30kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	3 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	1

	7
	40MHz/30kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	4 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	1

	8
	40MHz/30kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM MCS 13
	2 Layers
	106
	TDL-A 30ns, 10Hz
	R-ML
	1
	8
	1

	9
	40MHz/30kHz
	4Tx 4RX ULA Med A
	Type A, 16QAM MCS 13
	3 Layers
	106
	TDL-A 30ns, 10Hz
	R-ML
	1
	8
	1

	10
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	1 Layer
	106
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	16
	1

	11
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	2
	8
	1

	12
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	3
	8
	1

	13
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type B, QPSK, MCS 4
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	1

	14
	20MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	51
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	1


Table 3 List of simulation cases for FR2
	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Number of additional DMRS

	1
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	66
	TDL-C 60ns, 300Hz
	MMSE-IRC
	1
	8
	1

	2
	100MHz/120kHz
	2Tx 2Rx XPL Med A
	Type A, 64QAM MCS 18
	1 Layer
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	1

	3
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	2 Layers
	6 (in the middle of CBW)
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	1

	4a
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	1

	4b
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	16
	1

	5
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM MCS 17
	2 Layers
	66
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	1

	6
	100MHz/120kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 75Hz
	R-ML
	2
	10
	1

	7
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	1 Layer
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	16
	1

	8
	50MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	32
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	1

	9
	200MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	132
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	1

	10
	50MHz/60kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	1
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