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1 Introduction
At the RAN1#86bis meeting [1], several issues were discussed for NR HARQ and scheduling procedures. The following details were agreed:
Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots
· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.

· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data
· Further study TTI duration and achievable latency based on at least one retransmission
· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
· 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

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between DL data reception and corresponding acknowledgement
· FFS: common channels (e.g. random access)
· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between UL assignment and corresponding UL data transmission
· FFS: common channels (e.g. random access)

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

· At least asynchronous and adaptive HARQ is supported for eMBB.
· NR supports at least UL transmission of at least single HARQ-ACK bit.
· Consider whether/how to support more than one HARQ-ACK bits per TB.
· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.
In this contribution, we discuss design considerations for NR scheduling and HARQ procedures with a focus on eMBB operation.

2 Discussion
HARQ process number
The number of HARQ processes is correlated with the HARQ RTT, which includes the time from start of a transmission on a HARQ process until the next (re)transmission on the same HARQ process. It is well known that the HARQ RTT is influenced by the gNB and UE processing times, timing advance and TTI duration. Furthermore, different services may require different HARQ RTTs. Since it is possible that the HARQ RTT for low latency traffic can be much smaller, a relatively small number of DL HARQ processes would be sufficient for low latency use cases. Therefore, the number of HARQ processes in NR should be configurable based on use case.
Proposal 1: The number of HARQ processes in NR should be configurable to support different use cases

DL HARQ operation
In RAN1#85, it was agreed that NR should support at least asynchronous HARQ in the DL and UL to avoid a fixed timing relationship between initial transmission and re-transmission. For DL HARQ operation, at least one of dynamic or semi-static indication is used to determine UL HARQ-ACK timing. The implicit UL control channel resource allocation as PUCCH format 1/1a/1b defined in LTE is not applicable due to the uncertainty of actual feedback timing. Hence, a similar design principle of explicit UL control channel resource allocation as in LTE PUCCH formats 3/4/5 may be followed. 
Proposal 2: Dynamic and explicit UL control channel resource allocation for UL HARQ-ACK transmission should be supported.
[bookmark: _GoBack]To reduce the overhead of uplink control channel, the aggregation of HARQ-ACK bits of multiple TBs can be considered. For example, HARQ-ACK bundling as in LTE can be considered. Transmitting multiple HARQ-ACK bits per TB is also under consideration for NR. When large transport blocks are segmented into multiple constituent code blocks each having an attached CRC as in LTE, the UE may inform the network which code blocks failed decoding. This scheme may proved a much better utilization of radio resources compared to re-transmitting the entire TB, when a minority of code blocks are not successfully decoded. 
It should be noted that CB-based HARQ-ACK feedback does not come for free as there is a tradeoff between improved radio resource utilization on the DL and larger UCI overhead on the UL control channel. For example, to indicate K failed CBs out of N CBs in a TB requires up to  bits. Secondly, this may have a significant impact on several aspects of the HARQ operation and may require RAN2 input. 
Proposal 3: Consider a single HARQ-ACK bit for multiple TBs in NR
Proposal 4: More study is required on the feasibility of CB-based HARQ-ACK feedback

Furthermore, NACK-based A/N feedback method can be considered in NR. UE feeds back only when a NACK is generated since about 90% of the time (assuming a target BLER of 10%) a UE successfully receives data at the first transmission. This can reduce the A/N feedback overhead which also reduces UE power consumption. To avoid a misunderstanding between gNB and UE, the HARQ process ID should be included in UE feedback information. The gNB should perform the DTX detection for each feedback occasion to detect whether a UE has sent feedback information or not. 
Proposal 5: NACK-based A/N feedback method should be considered for DL HARQ operation in NR.

UL HARQ operation
For UL HARQ operation it was agreed that at least whether DL control channel for HARQ-ACK is necessary should be considered. Generally, there are two options:
· Option 1: Explicit DL control channel for UL HARQ processes
If explicit DL control channel is used for UL HARQ processes, the format and the resource allocation of DL control channel for HARQ-ACK should be defined. In addition, indication of DL HARQ-ACK timing at DCI should be supported in dynamic TDD structure.
· Option 2: Implicit HARQ-ACK through NDI 
With this option, HARQ-ACK for UL transmission can be expressed by NDI indicated in DCI, e.g., when the NDI is toggled, the scheduled data is new data and when the NDI is not toggled, the scheduled data should be retransmission data. 
Option 1 requires additional specification work in defining the new DL control channel for UL HARQ. Hence, it is not a preferred option. Option 2 reuses the current procedure in LTE downlink and less effort in specification work is needed. Hence, implicit HARQ-ACK through NDI is more preferred for UL HARQ operation.
Proposal 6： Implicit HARQ-ACK through NDI is preferable for UL HARQ operation in NR.

HARQ timing
An important feature proposed for NR is fast HARQ-ACK feedback within the same time slot containing the associated DL assignment. Since the support of fast HARQ-ACK feedback is a UE capability, some flexibility is needed for the timing relationship between DL reception and the corresponding HARQ acknowledgement. Such a flexible configuration would support LTE-like operation as well as self-contained slot structures proposed for NR. Furthermore, it should be noted that the NR frame structure may flexibly support scheduling on a slot and mini-slot granularity with different HARQ-ACK timing.
Proposal 7: Timing relationship between DL data reception and the corresponding HARQ acknowledgement can be a combination of higher layer configuration and dynamic L1 signaling

UL scheduling and transmission timing relationship
For DL scheduling, the DCI can be transmitted in the same TTI with DL data. But for UL scheduling, there is a minimum processing time between receiving the scheduling DCI and the UL data transmission. A common timing relationship between scheduling and transmission should be adopted for all NR UEs similarly to the LTE time gap of at least 4ms.  For UEs with enhanced processing capability a shorter time gap can be configured. Therefore, similar to HARQ timing, it is proposed that a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI) is used for the timing relationship between UL assignment and corresponding UL data transmission.
Proposal 8:  Timing relationship between UL assignment and the corresponding UL data transmission can be a combination of higher layer configuration and dynamic L1 signaling 

3 Conclusion
In this contribution, we discussed the NR scheduling and HARQ procedures focusing on eMBB operation. We have the following proposals:
Proposal 1: The number of HARQ processes in NR should be configurable to support different use cases
Proposal 2: Dynamic and explicit UL control channel resource allocation for UL HARQ-ACK transmission should be supported
Proposal 3: Consider a single HARQ-ACK bit for multiple TBs in NR
Proposal 4: More study is required on the feasibility of CB-based HARQ-ACK feedback
Proposal 6: Implicit HARQ-ACK through NDI is preferable for UL HARQ operation in NR.
Proposal 5: NACK-based A/N feedback method should be considered for DL HARQ operation in NR
Proposal 7: Timing relationship between DL data reception and the corresponding HARQ acknowledgement can be a combination of higher layer configuration and dynamic L1 signaling
Proposal 8: Timing relationship between UL assignment and the corresponding UL data transmission can be a combination of higher layer configuration and dynamic L1 signaling 
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