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Introduction
In RAN1 #86 and RAN1 #86bis, the working group reached following agreements regarding the number of HARQ processes that the NR UE needs to support [1,5].
· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE
· FFS: URLLC case

· NR supports operation of one DL HARQ process for some UEs
· NR supports operation of one UL HARQ process for some UEs
· FFS: Conditions on supporting above 2 bullets
· Note: This does not mean the gNB has to schedule back-to-back
· Note: This does not mean the UE has to support K1=0 and/or K2 = 0

1. For slot-based scheduling, NR specification should support the following
0. DL data reception in slot N and corresponding acknowledgment in slot N+K1
0. All UEs should support K1≥1 with exact values for K1 FFS
0. Some UEs may support K1=0 (FFS conditions)
0. UL assignment in slot N and corresponding uplink data transmission in slot N+K2
1. All UEs should support K2≥1 with exact values for K2 FFS
1. Some UEs may support K2=0 (FFS conditions)

In [2,3,4], we provided inputs on the feasibility and need of self-contained HARQ process, where the main benefits could be summarized as following:
· Forward compatibility
· Low complexity high throughput support
· UE/network power saving with compact Tx and Ux procedure
· Ultra-reliability low latency communication
· Dynamic TDD
· NR over unlicensed band
In [6,7], analysis is provided to define the condition for a UE to support different K1 and K2. In this contribution, we will discuss the maximum number HARQ processes that a UE needs to support in relationship to K1, K2 and network turn-around time for rescheduling. 

Maximum Number of HARQ Processes
NR is expected to provide many new functionalities based on self-contained subframes. An illustration of DL and UL self-contained subframes (K1=0 & K2 =0) is shown in Figure 1. As noted in [5], a UE providing acknowledgement with K1=0 or immediately transmitting UL data after the grant does not imply the eNB has to schedule back to back retransmission. Instead, the eNB could schedule another HARQ processes while processing the ACK and data. While greater than 1 HARQ processes allows an eNB to have more time to prepare and schedule retransmissions, it also implies increased retransmission latency, slow link adaption and larger soft buffer size at the UE. In this contribution, we will discuss the performance/complexity tradeoff of supporting different number of HARQ processes.


Figure 1. K1=0 and K2=0 for slot based scheduling on DL and UL
In Figure 2, we illustrate desired DL HARQ configurations for slot-based scheduling with K1=0, where 1 or 2 HARQ processes are supported depending the UE capability and network turn-around capability. Note that 1 HARQ process with back-to-back scheduling is mostly applicable to the use cases where there are few active UEs in a cell. In a multi-UE scheduling scenario, 2 HARQ interlace operation provides the best performance and network scheduling complexity tradeoff. We do not recommend more than 2 HARQ processes for operations with K1=0 due to degraded latency performance and associated increase in UE memory requirements.


Figure 2. HARQ processes supported for DL slot-based scheduling with K1=0 
In Figure 3, we illustrate the desired DL HARQ configurations for slot-based scheduling with K1=1, where 2 or 3 HARQ processes are supported depending on UE and network capability. Note that operation with K1=1 has been considered for enhanced performance at high Doppler, where a UE could take advantage of the relaxed ACK/NAK feedback latency by performing non-causal channel/interference estimation. Further relaxation of K1 has diminishing return in performance at the cost of higher latency. On the network side, depending on the use cases, either none or one additional slot should be used to schedule new/retransmission.  Further network scheduling delay is not justified as it would further increase latency and UE buffering requirements.


Figure 3. HARQ processes supported for DL slot-based scheduling with K1=1 in TDD
In summary, Table 1 summarizes the recommended HARQ processes for slot-based DL scheduling in TDD. 
Table 1 NR supported HARQ Processes on DL in TDD
	Delay (slot)
	gNB ReTx ACK+1
	gNB ReTx ACK+2
	gNB ReTx ACK>2 FSS

	UE ACK K1 = 0
	1
	2
	FFS

	UE ACK K1 = 1
	2
	3
	FFS

	UE ACK K1 > 1 
	FFS
	FFS
	FFS


Similarly, NR supported HARQ processes on UL could also be derived from UL data to grant delay K2 and eNB reTx delay. Table 2 captures the recommended NR UL HARQ processes in TDD.
Table 2 NR supported HARQ Processes on UL in TDD
	Delay (slot)
	gNB ReTx Data+1
	gNB ReTx Data+2
	gNB ReTx Data>2 FSS

	UE Data K2 = 0
	1
	2
	FFS

	UE Data K2 = 1
	2
	3
	FFS

	UE Data K2 > 1 
	FFS
	FFS
	FFS



Proposal 1: The maximum number of HARQ processes of NR shall include at least 1, 2 and 3 on both DL and UL in TDD. 
Proposal 2: The benefits of maximum number of HARQ processes greater than 3 for TDD require further study.
[bookmark: _Ref378529477]Conclusions
In this contribution, we analysed the maximum number of HARQ processes that NR should support in relationship to K1, K2 and network retransmission turnaround time. Based on the analysis, we recommend the working group to consider following proposals:
Proposal 1: The maximum number of HARQ processes of NR shall include at least 1, 2 and 3 on both DL and UL for TDD. 
Proposal 2: The benefits of maximum number of HARQ processes greater than 3 for TDD require further study.
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