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1   Background
As per the discussions in RAN4#AH1807, some WFs [1-3] were approved, the results about TDD UL-DL configurations, the max number of HARQ process and HARQ timing for NR UE demodulation performance requirements were extracted as following:  


We already gave our detailed analysis in [5] about the max number of HARQ process and the corresponding K1 value selection for different UL DL configurations and subcarrier spacing in RAN4#AH1807. In this contribution, we further share our views on them for different TDD UL DL configuration patterns listed above. 
2   Discussion

For FDD, 8 HARQ processes were used in LTE, there is no reason that NR use less number of HARQ process than LTE, so “option 2: 8” should be agreed for NR FDD max number of HARQ process.

Proposal 1: Use 8 HARQ processes for NR FDD UE demodulation performance requirements.

For TDD, to keep consistent with real network and consider the number of HARQ process and K1 value are strictly related to the specific TDD patterns, so the max number of HARQ process selection should be based on detailed analysis for different UL DL configurations. Also to make the NR UE demodulation performance requirements more practical and meaningful, and they can be used for significant references for real NR network deployment, the processing time for both UE and gNB and all real transmission delays involved, i.e. the transmission delay between the BBU and RRU and the air interface delay between UE and gNB, should be taken into account. A schematic diagram is shown below:
[image: image1.png]Donwlink Process

Uplink Process

1T 1T
-~ -~
¢NB BB
Unit
¢NB RF
Unit
UE
TFx [Tl T TFx
KUK2

NB Process Time +
Transmission Delay

17T

TFx |11

T1: Air interface delay from/to BS to/from UE.
TFx: Fronthaul delay.




Figure 1: Downlink and Uplink process schematic diagram
In the real network, gNB needs to support multiple cells and handles thousands of users, the gNB processing time cannot be simply thought as equal as UE, moreover in case of long fronthaul distance (such as 20km), more gNB processing time is needed, so all kinds of practical factors need to be considered during the test setup to ensure the UE that passes the related tests still can meet the real network requirements at the same time so as to make the test setup more practical and meaningful. 

If UE is configured with the maximum number of HARQ process, it still can handle the received PDSCH data with less number of HARQ processes by reusing the HARQ soft buffer, i.e. release the soft buffer in case of successful transmission in previous HARQ process. Also we observed that there is very low probability to occur that all HARQ processes fail to decode the received PDSCH data.
According to TS 38.214 Table 5.3-1 as shown below, the following PDSCH processing time for UE only is specified and not related to the gNB processing time.

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

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24


Proposal 2: Assumption on gNB processing delay and transmission delay described in option 2-1 should be considered for NR TDD maximum number of HARQ processes analysis.
2.1   15kHz SCS
2.1.1   Slot pattern DDDSU
For 15kHz SCS, the slot format = {DDDSU} with S = {D12, G1, U1} was agreed, but in LTE, typical special subframe configuration 7 of {D10, G2, U2} is using in the real network, this configuration can ensure enough coverage and limited DL capability loss at the same, considering the coexistence with LTE, we propose to use the same special slot configuration for NR.

For LTE, the maximum number of HARQ processes is 10 for TDD UL/DL configuration#2. For NR, at least 10 HARQ processes for the UL/DL configuration which is aligned with LTE UL/DL configuraion#2 should be supported. The possible HARQ timing can be: 
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Figure 2: HARQ timing for slot format {DDDSU} with 15kHz SCS

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

Proposal 3: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with maximum 10 HARQ processes and K1 = {1, 2, 3, 4} for 15kHz subcarrier spacing.
2.2   30kHz SCS
As discussed in general part, the real gNB processing time and transmission delay should be taken into account. For LTE, the HARQ timing between PUCCH/PUSCH and HARQ-ACK is n+4 for 15kHz subcarrier spacing; In NR, for 30kHz subcarrier spacing, even consider faster processing, but NR gNB faces more complex scenarios handling, the overall processing time cannot be simply considered as equal as single UE, here we would like to consider n+7 for 30kHz SCS for the HARQ processing time.
2.2.1   Slot pattern DDDDDDDSUU
Also by considering n+7 gNB processing time and transmission delay, we give the following HARQ timing for slot format DDDDDDDSUU as shown below Figure 3:
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Figure 3: HARQ timing for slot format {DDDDDDDSUU} with 30kHz SCS
From the Figure 3, we can know that at least 13 HARQ processes are needed, but from core specification TS 38.331:

PDSCH-ServingCellConfig ::= 


SEQUENCE {


codeBlockGroupTransmission



SetupRelease { PDSCH-CodeBlockGroupTransmission }





OPTIONAL,
-- Need M


xOverhead







ENUMERATED { xOh6, xOh12, xOh18 }









OPTIONAL,
-- Need S


nrofHARQ-ProcessesForPDSCH



ENUMERATED {n2, n4, n6, n10, n12, n16}








OPTIONAL,
-- Need S


pucch-Cell







ServCellIndex














OPTIONAL
,
-- Cond SCellAddOnly


...

}
we can know that only n16 is available when the number of HARQ process exceed 12, so only 16 HARQ processes can be selected. 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 3a below:
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Figure 3a: HARQ timing for slot format {DDDDDDDSUU} with 30kHz SCS and 16 HARQ processes
Proposal 4: Use maximum 16 HARQ processes and K1 = {2, 3, 4, 5, 6, 7, 8} for UL/DL configuration {DDDDDDDSUU} with 30kHz subcarrier spacing.
2.2.2   Slot pattern DDDSUDDSUU
By following the same n+7 gNB processing time and transmission delay for 30kHz subcarrier spacing, we give the following HARQ timing for slot format DDDSUDDSUU as shown below Figure 4:
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Figure 4: HARQ timing for slot format {DDDSUDDSUU} with 30kHz SCS
From the above Figure 4, we can know that 8 HARQ processes are needed. 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 5: Use maximum 8 HARQ processes and K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSUDDSUU} with 30kHz subcarrier spacing.
2.2.3   Slot pattern DDDSU

Slot pattern DDDSU with S=10D:2G:2U is one candidate pattern for 30kHz SCS. By considering n+7 gNB processing time and transmission delay, we can derive the following HARQ timing for slot format DDDSU as shown below Figure 5:
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Figure 5: HARQ timing for slot format {DDDSU} with 30kHz SCS
From the HARQ timing shown in Figure 3, the number of HARQ process is 9, the K1 values can be {2, 3, 4, 6}, but as per core specification TS 38.331, only n10 can be selected, i.e. 10 HARQ processes.
The specific HARQ timing for 10 HARQ processes is shown in Figure 5a below:
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Figure 5a: HARQ timing for slot format {DDDSU} with 30kHz SCS and 10 HARQ processes

Proposal 6: Use maximum 10 HARQ processes and K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSU} with 30kHz subcarrier spacing.
2.3   60kHz SCS
As per the analysis for 30kHz subcarrier spacing, at least 6~8 slots are needed for BS processing time and transmission delay, so more slots are needed for 60kHz SCS, we can consider to use 8~9 slots for analysis.
2.3.1   Slot pattern DDSU

Slot format {DDSU} with S= {D11, G3} is one candidate as listed in [1], when we assume 8 slots BS processing time and transmission delay, the occasion for the first retransmission is on a UL slot, so 9 slots are assumed in the following Figure 6.
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Figure 6: HARQ timing for slot format {DDSU} with 60kHz SCS

From the HARQ timing shown in Figure 6, the number of HARQ process is 9, the K1 values can be {2, 3, 5}, but as per core specification TS 38.331, only n10 can be selected, i.e. 10 HARQ processes.
The specific HARQ timing for 10 HARQ processes is shown in Figure 6a below:
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Figure 6a: HARQ timing for slot format {DDSU} with 60kHz SCS and 10 HARQ processes

Proposal 7: Use maximum 10 HARQ processes and K1 = {2, 3, 5} for UL/DL configuration {DDSU} with 60kHz subcarrier spacing.
2.3.2   Slot pattern DDDSU

Following the same assumption of n+9 BS processing time and transmission delay as used for slot pattern “DDSU” described above, the HARQ timing for slot format DDDSU can be:
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Figure 7: HARQ timing for slot format {DDDSU} with 60kHz SCS and max 10 HARQ processes
From the HARQ timing shown in Figure 7, 11 HARQ processes are needed, but as per core specification TS 38.331, 12 HARQ processing can be selected. 
The specific HARQ timing for 12 HARQ processes is shown in Figure 7a below:
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The related K1 values can be {2, 3, 4, 6}.

Proposal 8: Use maximum 12 HARQ processes and K1 = {2, 3, 4, 6} for UL/DL configuration {DDDSU} with 60kHz subcarrier spacing.
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 8 HARQ processes for NR FDD UE demodulation performance requirements.

Proposal 2: Assumption on gNB processing delay and transmission delay described in option 2-1 should be considered for NR TDD maximum number of HARQ processes analysis.
Proposal 3: Use special slot format {D10, G2, U2} for UL/DL configuration {DDDSU} with maximum 10 HARQ processes and K1 = {1, 2, 3, 4} for 15kHz subcarrier spacing.
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Proposal 4: Use maximum 16 HARQ processes and K1 = {2, 3, 4, 5, 6, 7, 8} for UL/DL configuration {DDDDDDDSUU} with 30kHz subcarrier spacing.
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Proposal 5: Use maximum 8 HARQ processes and K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSUDDSUU} with 30kHz subcarrier spacing.
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Proposal 6: Use maximum 10 HARQ processes and K1 = {1, 2, 3, 4} for UL/DL configuration {DDDSU} with 30kHz subcarrier spacing.
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Proposal 7: Use maximum 10 HARQ processes and K1 = {2, 3, 5} for UL/DL configuration {DDSU} with 60kHz subcarrier spacing.
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Proposal 8: Use maximum 12 HARQ processes and K1 = {2, 3, 4, 6} for UL/DL configuration {DDDSU} with 60kHz subcarrier spacing.
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TDD UL DL configuration:


FR1 15 kHz: 


DDDSU(aligned with LTE config#2 with 5ms periodicity), S = 12D+1Gp+1U


FR1 30kHz SCS, first priority


Configuration 1: 7D1S2U, S =  6D:4G:4U


Configuration 2: DDDSUDDSUU, S1(D,GP,U)=[10, 4, 0], S2(D, GP, U) = [10,4,0]


Configuration 3: DDDSU, S=10D:2G:2U


FR2 60kHz SCS


DDSU, S=11D+3G


FR2 120kHz SCS


Configuration 1: DDDSU, S=10D:2G:2U


Configuration 2: DDSU, S=11D+3G





Max number of HARQ process:


AH agreements (R4-1809324)


For FR1 30 kHz 


Apply 8 HARQ processes for REFESNS requirements 


At least some test cases with 16 HARQ processes shall be defined for Rel-15 UE demodulation requirements


For FR2 120 kHz 


Apply 8 HARQ processes for REFESNS requirements 


At least some test cases with 16 HARQ processes shall be defined for Rel-15 UE demodulation requirements


Proposal


FDD


Option 1: 4


Option 2: 8


TDD


Option 1: less than or equal 16 for all test cases with 70% test point, 16 for all test cases with 30% test point


Option 2:Different HARQ process for each TDD configuration derived under the following assumption on BS processing delay


Option 2-1: 4 slots for 15kHz, 7 slots for 30kHz, 8 slots for 60kHz, 12 or 13 slots for 120kHz


Option 2-2: Same processing delay as UE side (N1)


Other option is not precluded
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