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1. Introduction
In this contribution, we discuss possible scheduling and HARQ aspects for NR, based on the agreements achieved at the RAN1#86bis meeting [1].

2. Scheduling and HARQ timing
2.1. Scheduling unit for eMBB
For eMBB, scheduling unit having 7 symbols and 14 symbols should be possible for SCS narrower than a certain value (e.g., 120kHz). Both transmission durations have different merits (latency reduction vs overhead reduction). For SCS wider than the value, multiple of 14 symbols for one scheduling unit is more feasible since the absolute time duration in milliseconds is already short enough, i.e., around 0.25ms and 0.125ms. Table 1 is a potential set of scheduling units for typical eMBB scheduling unit with scalable numerologies. In this example set, scheduling unit duration is assumed to be not shorter than roughly 0.125ms. 

Table 1.	Number of symbols per scheduling units with various SCS for eMBB.
	SCS
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz
	480kHz

	No. of symbols per scheduling unit
(lower overhead)
	14
	14
	14
	28
	56
	112

	No. of symbols per scheduling unit
(shorter latency)
	7
	7
	7
	14
	28
	56



For a scheduling unit having 7 symbols or more, three types of scheduling units should be defined; DL-only, UL-only, and bi-directional {DL-part + UL-part}. This can be realized by aggregating one or more of a slot containing all downlink, all uplink, or {one downlink part and one uplink part}. There is no need to support more than one switching points within a slot. 
Proposal 1:
· A scheduling unit having 7 symbols or more is realized by aggregating one or more of a slot.
· Each slot having 7 symbols contains all DL, all UL, or {one DL part and one UL part}.

In the following, scheduling and HARQ timing are discussed focusing on scheduling unit equal to or more than one slot, taking into account the following agreements achieved at the RAN1#86bis meeting.
	Agreements:
· 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.
Agreements:
· 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)
Agreements:
· 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)
Agreements:
· 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)
Agreements:
· 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.



2.2. Data scheduling timing 
[bookmark: _GoBack]On each scheduling unit, in principle, one DL or UL data transport block is scheduled. DL data is scheduled by a DL assignment in the same or in a different scheduling unit as the DL data. At least for the case where DL data is in a different scheduling unit from that for the DL assignment, UE needs to know where the DL data is scheduled. This should be indicated by the DL assignment scheduling the DL data. The minimum value of the indication should be 0 for any cases for any UEs, while the maximum value should be FFS. Besides, DL assignment scheduling DL data over multiple scheduling units can be considered as an extensional mechanism to improve the spectral efficiency further. 
For UL data scheduling, UL grant in the same or different scheduling unit should be available, same as for DL data scheduling. For UL data scheduled on a UL-only scheduling unit, UL grant in the other scheduling unit have to be used. For UL data scheduled on a bi-directional scheduling unit, UL grant in the same or different scheduling unit shall be available for scheduling. Unlike DL case, the minimum value of the timing indication may depend on UE capability and can be 0 for some UEs but cannot be 0 for some other UEs. The maximum value should be FFS. As for the DL case, UL grant scheduling UL data over multiple scheduling units can be considered as an extensional mechanism to improve the spectral efficiency further, but the need of scheduling unit aggregation is clearer for UL scheduling since UL data scheduling per unit requires higher overhead compared to DL data scheduling because of the DL-UL switching. 
Simple approach to realize flexible and dynamic indication of DL/UL data scheduling timing is to include the indicator in the DCI scheduling DL/UL data. Since the size of the indication field would be limited, it is better to combine higher-layer signaling and DCI indication to determine exact timing.
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(a) UL scheduling for a UL-only scheduling unit.
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(b) UL scheduling for a bi-directional scheduling unit.
Fig. 1	UL scheduling.
Proposal 2:
· For DL data scheduling:
· A DL assignment and the scheduled DL data is in the same or previous scheduling unit.
· Minimum timing between DL assignment and the scheduled DL data is zero for all UEs.
· For UL data scheduling:
· UL data in a UL-only scheduling unit is scheduled by a UL grant in a previous scheduling unit.
· UL data in a bi-directional scheduling unit is scheduled by a UL grant in the same or previous scheduling unit.
· Minimum timing between a UL grant and the scheduled UL data can be different among UEs.

2.3. HARQ feedback timing
For both DL and UL, asynchronous and adaptive HARQ should be the baseline. It can be assumed that one HARQ process is associated with each scheduled DL or UL data. Retransmission or new data transmission is scheduled by DL assignment and/or UL grant and hence, no explicit HARQ-ACK bit feedback from the gNB is necessary. The HARQ process number for the scheduled data and its redundancy version (RV) should be indicated by the UL grant, same as in DL scheduling.
For HARQ-ACK for a DL data, UL control channel in the same or different scheduling unit should be available. For DL data scheduled on a DL-only scheduling unit, UL control channel in the other scheduling unit is used. For DL data scheduled on a bi-directional scheduling unit, UL control channel in the same or in the other scheduling unit is used. DL HARQ-ACK timing should be flexible. Simple approach to realize this is to include HARQ-ACK feedback timing indication in the DL assignment. The possible minimum value of the timing may depend on UE capability and can be 0 for some UEs but cannot be 0 for some other UEs. The maximum value should be FFS. Similar to the case of scheduling timing, flexible and dynamic indication of HARQ-ACK feedback timing can be indicated by a field in the DCI. Combination of higher-layer signaling and DCI indication can be feasible.
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(a) HARQ-ACK feedback at a UL-only scheduling unit.
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(a) HARQ-ACK feedback at a bi-directional scheduling unit.
Fig. 2	HARQ-ACK feedback for DL data.

At the RAN1#86 meeting, it was agreed to support HARQ-ACK feedback for multiple DL transmissions in time in one UL data/control region from UE perspective. Indeed, the above flexible HARQ-ACK feedback timing is effective/useful only if the HARQ-ACK for multiple DL data in one UL transmission is enabled altogether. For LTE, downlink assignment index (DAI) was introduced for multiple HARQ-ACK feedback in time-domain, and was extended for multiple HARQ-ACK feedback in time- and frequency-domain in Rel.13 eCA. The DAI is effective to realize reliable HARQ-ACK bundling/multiplexing on one UL channel, with reasonable control signaling overhead increase and/or scheduler complexity increase. Similar mechanisms should be considered for NR. If it will be identified that code-block or code-block-group based HARQ-ACK feedback is necessary for NR [2], such HARQ-ACK feedback mechanism should also be covered by the same solution. 
Proposal 3:
· For DL HARQ-ACK:
· HARQ-ACK for DL data in a DL-only scheduling unit is transmitted at a later scheduling unit.
· HARQ-ACK for DL data in a bi-directional scheduling unit is transmitted at the same or later scheduling unit.
· Minimum timing between a DL data and its HARQ-ACK feedback can be different among UEs.
· HARQ-ACK multiplexing/bundling is supported with reasonable increases in control signaling overhead and scheduler complexity.
· FFS: code-block or code-block-group based HARQ-ACK feedback
· For UL HARQ-ACK:
· Re-transmission or new data transmission is indicated by a UL grant

3. Number of HARQ processes
At the RAN1#86bis meeting, following agreements were achieved.
	Agreements:
· 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

Agreements:
· 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



It is important to make sure that one UE can achieve peak data rate of the given carrier, even for the gNB/UE which cannot realize back-to-back operation with single HARQ process. The minimum HARQ RTT depends on gNB/UE processing time. Therefore, the number of HARQ processes needs to be matched to the HARQ RTT. From gNB/UE point of views, having large number of HARQ processes can alleviate the processing time of data handling. The possible maximum number of HARQ processes would have impact on the following factors; one is soft-buffer size of the UE, and the other is the bit-widths of DCI fields, e.g., HARQ process indicator, timing indicators for DL/UL data scheduling, and timing indicator for DL HARQ-ACK feedback. Soft-buffer size is not necessarily scaled with the number of HARQ processes, as overbooking method is applicable. The bit-widths of these indicators should be adjusted with the maximum number of HARQ processes.
For NR, it is expected to reduce HARQ RTT and to minimize the necessary number of HARQ processes for some operations to achieve shorter latency. Even for LTE, shortened processing time and TTI has been under working. Unlike LTE, NR supports scalable numerology. Therefore, NR can, in general, support further shorter HARQ RTT. However, even for NR, some factors that limits processing time improvement exist. One example is front-haul delay between central gNB baseband unit and remote radio head (RRH), which is not a function of numerology or TTI length. Unlike shortened processing time and TTI for LTE, this will be the very first release of NR and hence, too much tighter requirement on processing time would cause market issues. Therefore, RAN1 should carefully consider/determine HARQ RTT and the maximum number of HARQ processes for NR with a given numerology. 

Proposal 4:
· HARQ RTT and maximum number of HARQ processes should be investigated taking into account the following aspects.
· Possible first deployment scenarios and assumptions of NR
· Scalable numerology and various scheduling unit sizes.
· HARQ RTT and maximum number of HARQ processes would have impact on the following aspects.
· Bit-widths of DCI indicators for scheduling/HARQ timing, HARQ-ACK feedback timing, and HARQ process ID
· Soft-buffer size for a given UE


4. Conclusion
In this contribution, we discussed scheduling HARQ procedure for NR and proposed the following:
Proposal 1:
· A scheduling unit having 7 symbols or more is realized by aggregating one or more of a slot.
· Each slot having 7 symbols contains all DL, all UL, or {one DL part and one UL part}.
Proposal 2:
· For DL data scheduling:
· A DL assignment and the scheduled DL data is in the same or previous scheduling unit.
· Minimum timing between DL assignment and the scheduled DL data is zero for all UEs.
· For UL data scheduling:
· UL data in a UL-only scheduling unit is scheduled by a UL grant in a previous scheduling unit.
· UL data in a bi-directional scheduling unit is scheduled by a UL grant in the same or previous scheduling unit.
· Minimum timing between a UL grant and the scheduled UL data can be different among UEs.
Proposal 3:
· For DL HARQ-ACK:
· HARQ-ACK for DL data in a DL-only scheduling unit is transmitted at a later scheduling unit.
· HARQ-ACK for DL data in a bi-directional scheduling unit is transmitted at the same or later scheduling unit.
· Minimum timing between a DL data and its HARQ-ACK feedback can be different among UEs.
· HARQ-ACK multiplexing/bundling is supported with reasonable increases in control signaling overhead and scheduler complexity.
· FFS: code-block or code-block-group based HARQ-ACK feedback
· For UL HARQ-ACK:
· Re-transmission or new data transmission is indicated by a UL grant
Proposal 4:
· HARQ RTT and maximum number of HARQ processes should be investigated taking into account the following aspects.
· Possible first deployment scenarios and assumptions of NR
· Scalable numerology and various scheduling unit sizes.
· HARQ RTT and maximum number of HARQ processes would have impact on the following aspects.
· Bit-widths of DCI indicators for scheduling/HARQ timing, HARQ-ACK feedback timing, and HARQ process ID
· Soft-buffer size for a given UE
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