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1. Introduction
At the RAN1 #86bis meeting, some agreements on slot duration and timing determination of scheduled data and HARQ-ACK feedback were made as following [1]. 
	Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14

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.



In this contribution, we first discuss the possible scheduling unit for eMBB. Then, based on the proposed scheduling unit, we further present our views on the scheduling/HARQ timing and HARQ feedback procedures. Note that our views on mini-slot related aspects are described in our companion contributions [2] and [3].
2. 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}. Bi-directional scheduling unit can further be classified into DL-centric unit having longer DL part, and UL-centric unit having longer UL-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}.
3. Timing for data scheduling and HARQ-ACK feedback 
In the following, data scheduling and HARQ timing will be discussed focusing on scheduling unit equal to or more than one slot.
It is agreed that NR supports same-slot and cross-slot scheduling for DL and UL. For DL data scheduling, it is straightforward that DL data is scheduled by a DL assignment in the same scheduling unit as the DL data. While there exist benefits to applying cross-slot scheduling for some cases, for example, semi-static cross-slot scheduling which is similar to semi-persistent scheduling in LTE and dynamic cross-slot scheduling which is used for RF bandwidth adaptation or beam-sweeping for higher carrier frequencies where DL data is in a different scheduling unit from that for the DL assignment. At least for dynamic cross-slot scheduling, the timing of DL data should be indicated by the corresponding DL assignment so that UE knows where the DL data is scheduled. The minimum value of the timing 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 further improve the spectral efficiency. 
For UL data scheduling timing, UL grant in slot N schedules the corresponding uplink data in slot N+K2, UL grant in the same unit, i.e. K2 = 0, or different scheduling unit, i.e. K2 > 0, should be also available. As shown in Fig. 1, 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, depending on UE capability, UL grant in the same or different scheduling unit shall be available for scheduling. Unlike DL case, the minimum value of the K2 may depend on UE processing capability and required TA; it can be 0 for some UEs but cannot be 0 for some other UEs. The maximum value should be FFS considering UE processing capability, gap overhead, UL coverage, etc. 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, 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. 
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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.

For HARQ-ACK feedback timing i.e., K1 that DL data reception in slot N and corresponding acknowledgment in slot N+K1, UL control channel in the same or different scheduling unit should be available. As shown in Fig. 2, 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. Similar to UL data scheduling, some UEs may support K1=0 while all UEs should support K1≥1, the maximum value of K1 should be FFS.
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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.

Through the above analysis, it is likely that min/max timing can be different depending on UE capability. Therefore, flexible timing is essential for DL/UL data scheduling and DL HARQ-ACK feedback. Additional benefit of the flexible timing is that it makes easier to support large value of TA for shorter processing time no matter how TTI is shortened [4]. One simple approach to realize this is to include the timing indicator in the DL/UL assignment. Since the size of the indication field would be limited, it is better that gNB can configure/re-configure the timing values and L1 signalling can dynamically indicate one of the configured values. 
However, when there is no RRC configuration of the timing values and/or when the signalling is transmitted/received in common channels and/or when there is ambiguous period caused by RRC reconfiguration of the timing values, determination of the scheduling/HARQ timing needs further consideration. There are two alternatives.
Alt.1: No timing indicating field is used, default timing is applied. 
Similar to LTE employing implicit timing, Alt.1 works well for the timing indication field being absent in the DCI which is used for common signalling and/or transmitted in common channels. Alt.1 may define two DCI payloads and hence a UE needs to monitor PDCCH assuming at least two DCI having different DCI payloads. 
Alt.2: Timing indicating field is used, fixed and constant value is applied to one code-point included in the field. 
Alt.2 is to keep the timing indicating field in the DCI while at least one code-point should have fixed and non-ambiguity value. For example, during RRC reconfiguration period or before RRC configuration is obtained, the timing indicating field always indicates the code-point ‘00’ and the value of ‘00’ is fixed to 4. Alt.2 may not require monitoring two DCIs having different payloads.
Above both alternatives require to investigate the default timing value for the scheduling and HARQ feedback. For DL data scheduling, the default value can be 0 which is also the minimum value for any cases for any UEs. While for UL data scheduling and HARQ-ACK feedback timing, the default value can be 4 for SCS = 15kHz and 1 slot = 14 symbols with NCP. For other SCS and/or other number of symbols per slot, the default/fixed value should be determined taking into account following factors:
· SCS and/or number of symbols for data
· Whether split symbols is applied to control channel
· Whether DMRS pattern for a given data channel is front-loaded for faster processing or is distributed for high-speed scenario
· gNB/UE processing time
Proposal 2:
· For DL data scheduling:
· Minimum timing between DL assignment and the scheduled DL data is zero for all UEs.
· For UL data scheduling:
· Minimum timing between a UL grant and the scheduled UL data can be different among UEs.
· For DL HARQ-ACK:
· Minimum timing between a DL data and its HARQ-ACK feedback can be different among UEs.
Proposal 3:
· Use a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI) to achieve above flexible timings.
Proposal 4:
· Default timing value(s) is necessary for RRC reconfiguration the timing values or before RRC configuration is obtained and/or for signalling transmitted in common channels.
· The default timing for DL assignment and the scheduled DL data is zero.
· The default timing for UL data scheduling and DL HARQ-ACK should be 4 for SCS = 15KHz and 1 slot = 14 symbols.
· FFS the default value for other SCS and/or other number of symbols per slot.
· Default timing value(s)can be applied with or without timing indication field.
4. HARQ feedback procedures
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.
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 which is similar in TD-LTE HARQ-ACK bundling and multiplexing. For TDD LTE, downlink assignment index (DAI) was introduced for multiple HARQ-ACK feedback in time-domain to avoid the potential negative impact from miss-detection of scheduling DCI. In Rel.13 LTE eCA, the DAI mechanism is enhanced to support multiple HARQ-ACK feedback in time- and/or frequency-domain for TDD and/or FDD eCA. In addition, besides traditional semi-static HARQ-ACK codebook size, dynamic HARQ-ACK codebook size to reduce the overhead can also be applied which is configured by higher layer. Since 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. However, it should be noticed that different from TDD LTE, following factors need to be considered when design NR HARQ-ACK multiplexing/bundling with semi-static or dynamic HARQ-ACK codebook size adaptation.
· NR HARQ-ACK bundling window per HARQ-ACK feedback transmission varies dynamically because of the flexible timing.
· Within the same duration e.g. 1 subframe, different number of scheduling DCI occurs for different NR carriers or same NR carrier using different numerologies.  
· If code-block or code-block-group based HARQ-ACK feedback is identified necessary for NR, such HARQ-ACK feedback mechanism should also be covered by the same/unified solution. 

Proposal 5:
· For UL HARQ-ACK,
· Re-transmission or new data transmission is scheduled by a UL grant.
Proposal 6:
· For HARQ-ACK bundling/multiplexing,
· Both dynamic and semi-static HARQ-ACK codebook size adaptation is supported with reasonable increases in control signaling overhead and scheduler complexity.
· FFS: code-block or code-block-group based HARQ-ACK feedback
5. Conclusion
In this contribution, we discussed scheduling/HARQ timing and HARQ feedback procedures for NR. Following proposals were made:
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:
· Minimum timing between DL assignment and the scheduled DL data is zero for all UEs.
· For UL data scheduling:
· Minimum timing between a UL grant and the scheduled UL data can be different among UEs.
· For DL HARQ-ACK:
· Minimum timing between a DL data and its HARQ-ACK feedback can be different among UEs.
Proposal 3:
· Use a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI) to achieve above flexible timings.
Proposal 4:
· Default timing value(s) is necessary for RRC reconfiguration the timing values or before RRC configuration is obtained and/or for signalling transmitted in common channels.
· The default timing for DL assignment and the scheduled DL data is zero.
· The default timing for UL data scheduling and DL HARQ-ACK should be 4 for SCS = 15KHz and 1 slot = 14 symbols.
· FFS the default value for other SCS and/or other number of symbols per slot.
· Default timing value(s)can be applied with or without timing indication field.
Proposal 5:
· For UL HARQ-ACK,
· Re-transmission or new data transmission is scheduled by a UL grant.
Proposal 6:
· For HARQ-ACK bundling/multiplexing,
· Both dynamic and semi-static HARQ-ACK codebook size adaptation is supported with reasonable increases in control signaling overhead and scheduler complexity.
· FFS: code-block or code-block-group based HARQ-ACK feedback
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