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1 Introduction
In 3GPP RAN1 Session #88bis, the following conclusion was made on maximal HARQ process number for NR.
· Consider further following two aspects for the number of HARQ processes:
· Maximum number of HARQ processes per carrier

· Soft-buffer size/dimensioning/partitioning

· Open questions:

· What RAN1 specification impacts the above two aspects will have?
· What factors impacts on each of the aspects, and how much?

· For which types of UEs the peak data rate is desirable?

· What is the relation between these two aspects and flexible scheduling/HARQ-ACK feedback timings?

· How/whether different between downlink and uplink?

In addition to soft buffer size, UE processing capability is another important source of hardware cost though there is a trade-off on hardware cost between two.  So far, NR supports multiple numerology sets, two slot sizes for sub6 spectrum, multiple slot configurations with multiple NR-PUCCH durations & carrier aggregation of up to 16 component carriers and each factor impacts the maximal available UE processing time and its corresponding UE hardware cost.  Shorter UE processing time introduces higher hardware cost due to higher UE processing capability.  Furthermore, whether the slots used for the transmission of SS block burst set can be a bi-directional slot type also impacts the maximal number of HARQ processes.  Maximal number of HARQ processes should be defined for all different cases with the following considerations to allow reasonable UE complexity.  
This paper discusses the considerations and provides our views on the maximal HARQ process number for NR.
2 Discussion
2.1 Considerations
Though less HARQ processes introduce smaller soft-buffer size, it also decreases the UE processing time and thus requires higher UE hardware cost due to higher UE processing capability.  So there is a trade-off on hardware cost between soft buffer size and UE processing capability, i.e. the hardware cost decrease of soft buffer size comes from the hardware cost increase of UE processing capability and vice versa.  Therefore, it’s hard to say the total hardware cost will decrease with smaller soft buffer size.  From UE implementation complexity perspective, UE processing capability should be jointly considered with the soft buffer size.  Table 1and Table 2 list the required processing time components for DL data decoding and UL data encoding and whether they can be scaled with slot length.
Table 1. UE processing time components for DL data decoding
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Time for NR-PDCCH blind decoding No
Time for channel estimation for NR-PDSCH decoding No
Time for NR-PDSCH decoding Yes, assuming same

channel bandwidth

Time for NR-PUCCH encoding No




Table 2. UE processing time components for UL data encoding
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Time for NR-PDCCH blind decoding No
Time for UCI encodingif exists No
Time for NR-PUSCH encoding based on the resources not Yes, assuming same

occupied by UCI if rate matchingis applied channel bandwidth




So far, NR supports multiple numerology sets, two slot sizes for sub6 spectrum, multiple slot configurations with multiple NR-PUCCH durations & carrier aggregation of up to 16 component carriers and each feature impacts the maximal available UE processing time.  Furthermore, whether the slots used for the transmission of SS block burst set can be a bi-directional slot type also impacts the maximal number of HARQ processes.  Maximal number of HARQ processes should be defined for all different cases with the following considerations to allow reasonable UE complexity.
· Multiple numerology sets

· It may introduce a case where DL data transmission uses SCS 15 KHz in slot N and the following slots use SCS 60 KHz.  Compared to all slots using SCS 15 KHz, the maximal available UE processing time is reduced in this case.  Though the discussion on bandwidth part switch in wider bandwidth operation may provide a way to avoid such case, it’s still not clear yet how the discussion will go.
· Two slot sizes for sub6 spectrum

· Slot size of 7 OFDM symbols introduces smaller maximal available UE processing time, compared to the slot size of 14 OFDM symbols.
· Multiple slot configurations with multiple NR-PUCCH durations
· UL-only slot type with 7/14-symbol NR-PUCCH introduces smaller maximal available UE processing time, compared to DL-major slot type with 1-symbol NR-PUCCH
· Carrier aggregation of up to 16 component carriers
· Carrier aggregation of 16 component carriers may introduce longer NR-PDCCH UE processing time due to higher DCI blind decoding complexity, compared to single-carrier operation.  There may be discussion on how to reduce the DCI blind decoding complexity in DL control channel design but it’s still not clear yet.
· Others

· Timing advance values for different cell sizes also introduce different maximal available UE processing time.  In typical deployments, rural urban with ISD of 5000m should be considered and it introduces about 16.67 µs timing advance to cover the cell size.
Figure 1 illustrates the maximal available UE processing time for different HARQ-ACK timing for 15 KHz subcarrier spacing.  Considering carrier aggregation of 16 component carriers with 7-symbol PUCCH for HARQ-ACK, HARQ-ACK timing with slot N→N is not feasible and HARQ-ACK timing with slot N→N+1 and slot N→N+2 would require excessive UE processing capability with high UE hardware cost.  Therefore, HARQ-ACK timing with slot N→N+3 and slot N→N+4 for DL data should be considered for 15 KHz subcarrier spacing.  It means that maximal number of HARQ processes should be 8.  For subcarrier spacing 30 KHz & 60 KHz, from our views, it’s feasible to share the same maximal number of HARQ processes.  For subcarrier spacing larger than 60 KHz, larger maximal number of HARQ processes should be considered because unlike PDSCH/PUSCH processing, other processing components (e.g. PDCCH blind decoding) can’t be scaled with the slot length and HARQ-ACK timing with N→N+K, where K > 4, for DL data should be considered.  For 14-symbol slot size, the same arguments also can be applied because there are more data bits for a UE to process in longer slot length with the same channel bandwidth.  The same arguments can also be applied to the UL scheduling timing.
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Figure 1. UE processing time for different HARQ-ACK timing for DL data transmission, assuming 15 KHz SCS

Observation #1: The delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL equals to 0 is not feasible for acknowledgement in long PUCCH.

Observation #2: The delay between UL grant reception in DL and UL data (PUSCH) transmission equals to 0 is not feasible for UL-only slot type.

Observation #3:  The delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL equals to 1 or 2 slots would require excessive UE complexity and hardware cost.
Observation #4:  The delay between UL grant reception in DL and UL data (PUSCH) transmission equals to 1 or 2 slots would require excessive UE complexity and hardware cost.
2.2 Spec impacts
Based on the email discussion after RAN1#88bis, the following terminology is used for the discussion.  However, it seems that the delay between UL data (PUSCH) transmission and UL grant reception in DL for corresponding retransmission of data (PUSCH) on UL is missing.
· K0: Delay between DL grant and corresponding DL data (PDSCH) reception

· K1: Delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL

· K2: Delay between UL grant reception in DL and UL data (PUSCH) transmission
· K3: Delay between ACK/NAK reception in UL and corresponding retransmission of data (PDSCH) on DL
· K4: Delay between UL data (PUSCH) transmission and UL grant reception in DL for the corresponding retransmission of data (PUSCH) on UL
From RAN1 specification perspective, the maximal values for K0, K1 and K2 should be specified.  There may be no need to specify K3 and K4 because it’s UE transparent though the assumed values for K3 and K4 are still needed to derive the maximal number of HARQ processes.
Maximal number of HARQ processes should be specified as well.  For DL, it should be derived from the maximal values of K0, K1 and K3.  For UL, it should be derived from the maximal values of K2 and K4.  Due to the support of multiple numerology sets in NR, different maximal number of HARQ processes for different numerology set is needed because some UE processing time components can’t be scaled with numerology.  For two different slot lengths, single maximal number of HARQ processes can be specified for simplicity in 15/30/60 KHz SCS.  Since maximal number of HARQ processes defines maximal bit length for HARQ process number in DCI, it should be defined based on the worst case, not UE category.
Soft buffer size should be defined based on UE category because it’s related to the maximal data rate a UE can support.  Maximal K0, K1 and K2 values should be supported by all UEs and the support of smaller K0, K1 and K2 values can be reported as UE capability together with the limitation of TB sizes.
Proposal #1:  At least the following should be specified in RAN1 specification.

· Maximal values for K0, K1 & K2

· Maximal number of HARQ processes

· Soft buffer size

Proposal #2: For 15/30/60 KHz subcarrier spacing, maximal K1 and K2 equal to 4 slots should be supported.

Proposal #3:  For subcarrier spacing larger than 60 KHz, the maximal K1 and K2 equal to or larger than 4 slots should be considered.

Proposal #4: For DL, maximal number of HARQ processes is 8 for 15/30/60 KHz subcarrier spacing.  FFS other subcarrier spacings.
Proposal #5: For UL, maximal number of HARQ processes is 8 for 15/30/60 KHz subcarrier spacing.  FFS other subcarrier spacings.
3 Conclusion
Proposals are summarized as follows.
Proposal #1:  At least the following should be specified in RAN1 specification.

· Maximal values for K0, K1 & K2

· Maximal number of HARQ processes

· Soft buffer size

Proposal #2: For 15/30/60 KHz subcarrier spacing, maximal K1 and K2 equal to 4 slots should be supported.

Proposal #3:  For subcarrier spacing larger than 60 KHz, the maximal K1 and K2 equal to or larger than 4 slots should be considered.

Proposal #4: For DL, maximal number of HARQ processes is 8 for 15/30/60 KHz subcarrier spacing.  FFS other subcarrier spacings.

Proposal #5: For UL, maximal number of HARQ processes is 8 for 15/30/60 KHz subcarrier spacing.  FFS other subcarrier spacings.
