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1 Introduction
This contribution addresses three remaining aspects of HARQ-ACK feedback timing in NR, namely, HARQ-ACK feedback timing for paired spectrum (Section 2), HARQ-ACK feedback timing with semi-statically assigned DL/UL transmission directions (Section 3), and HARQ-ACK feedback timing for mini-slot based transmissions (Section 4).
2 HARQ-ACK feedback timing for paired spectrum
HARQ ACK/NACK feedback and timing relationships for both the NR DL and UL were discussed at RAN1 #86 [1].
	Agreements:

· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported

· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)

· Note: Other means of indicating the timing relationship are not precluded

· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)

· Note: Other means of indicating the timing relationship are not precluded




The FFS part in the above agreements was removed during the RAN1 #86bis meeting by the following agreement [2]:

	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)


Moreover, at RAN1 #88bis, further progress was made according to the following agreements [3]:

	Agreements:
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static

· UE behaviors at least the following are common regardless of whether the DL/UL resource partition is dynamic or semi-static:

· Scheduling timing between control to the scheduled data

· HARQ-ACK feedback including timing

· Strive for a limited number of semi-static DL/UL resource partition.

· NR may include tools motivated by either dynamic or semi-static.

· FFS: UE behavior if there is a conflict between dynamic and semi-static signaling.




The agreement from RAN1 #86bis is to down-select among explicit signaling schemes for the timing relationship between DL data reception and corresponding acknowledgement and UL assignment and corresponding UL data transmission, respectively. In our view, however, all three options are needed for efficient NR operation under various constraints and therefor no further down-selection is required. For example, indication by L1 signaling in the DCI is required for dynamic TDD operation whereas semi-static indication via higher layer signaling is beneficial for NR deployments in paired spectrum. A combination of indication by higher layers and dynamic L1 signaling is furthermore recommended to achieve forward compatibility. For instance, it should be possible to dynamically defer a transmission scheduled in slot n for slot n+k by indication in the L1 in order to use the resources for another transmission as discussed during the study item phase. Hence, we propose to agree that all three options are supported.
Proposal 1: 

· Timing relationship between DL data reception and corresponding acknowledgement can be

· dynamically indicated by L1 signaling 
· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling 

· Timing relationship between UL assignment and corresponding UL data transmission can be 

· dynamically indicated by L1 signaling 
· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling 
3 HARQ-ACK feedback timing for semi-statically assigned DL/UL transmission directions
RAN1 agreed early on to support semi-statically assigned DL/UL transmission directions for efficient network operation [1]. However, the agreement to signal any semi-statically assigned DL/UL transmission direction to the UE via higher layer signaling was rather controversial. 
	Agreements:

· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation

· The assigned DL/UL transmission direction can be signaled to UE by higher layer signaling


In principle, it is not required for the UE to know any semi-statically assigned DL/UL transmission direction if the UE supports dynamic TDD. Unless otherwise specified or indicated to the UE, at any given time the UE simply makes no assumption on whether to transmit or to receive. The UE may be instructed to transmit or receive/measure NR channels and signals according to dynamic L1 signaling (group common PDCCH or DCI) or semi-static configuration (UE-specific RRC signaling or system information broadcast). For example, some resources may be semi-statically reserved for SS block and PRACH transmissions thereby assigning a DL/UL transmission direction to said resources. In other cases, the group common PDCCH may signal a slot structure and since reception of the group common PDCCH is not mandatory, most likely, the UE will be instructed by its DCI to transmit or receive/measure in certain resources thereby assigning a DL/UL transmission direction. But whenever there is no indication to the UE, a UE may simply not know about the assigned DL/UL transmission direction.

In fact, the situation is analogous to the Rel. 10 LTE eICIC feature. Whereas almost blank subframe (ABS) patterns are specified in the X2 application protocol, they are never signaled to the UE. Rather, the network semi-statically configures measurement restrictions at the UE and ceases to schedule transmissions in ABS resources. Hence, an unscheduled UE will not know if a given subframe is an almost blank resource, nevertheless, the network can perform inter-cell interference coordination across cells. 

One drawback of the above UE behaviour is UE energy consumption. For example, in the case of Rel. 10 eICIC, since a UE does not know whether a given resource is an ABS, it will monitor the PDCCH control region for possible DCI even though the network has semi-statically determined said resource as a blank subframe. Similarly, in the case of NR TDD with semi-static DL/UL transmission directions, a UE may monitor the PDCCH control region for possible DCI even though the network has semi-statically determined said resource as a TDD uplink subframe. It is in this context that RAN1 ultimately agreed on signaling the semi-statically assigned DL/UL transmission direction to UEs by higher layer signaling.

The above is also in line with other prior NR agreements, e.g., that reception of the group common PDCCH is optional. More precisely, a UE is required to receive downlink control information regardless of whether it receives the group common PDCCH or not. If, however, it does receive the group common PDCCH it may use such information for reduction of blind decoding attempts or other UE power savings measures. For example, it may use the slot structure carried on the group common PDCCH to cease monitoring for DCI in uplink resources, or, similarly, it may cease to measure CSI in uplink resources. Information carried by the group common PDCCH may also restrict the search space, e.g., from two OFDM symbols to one OFDM symbol thereby reducing UE power consumption. Or the group common PDCCH may (de)activate CORESETs to reduce the number of blind decoding attempts. At any rate, the DCI and UE behaviour is the same regardless of the presence and knowledge of the group common PDCCH. 
Since UE power savings were the primary reason RAN1 agreed to signal semi-statically assigned DL/UL transmission directions to UEs, the DCI and UE behaviour should also be the same regardless of the presence and knowledge of semi-statically assigned DL/UL transmission directions. Not only does such a design allow for greater forward compatibility, it also reduces specification effort and thus testing and development costs and ultimately time-to-market. In light of the accelerated timeline for early commercial deployments based on the NR standard, these are important considerations to take into account. We thus propose that operation under semi-static DL/UL configuration follows the same HARQ rules as dynamic TDD operation such that it can be optional for the UE to read semi-static DL/UL configuration (reading configuration can provide power savings to the UE).
Proposal 2:

· Operation under semi-static DL/UL configuration follows the same HARQ rules as dynamic TDD operation 

· Therefore it can be optional for the UE to read semi-static DL/UL configuration

· Reading configuration can provide power savings to the UE
4 HARQ-ACK feedback timing for mini-slot based transmissions
Mini-slots are an integral part of the NR air interface design and numerous use cases have been identified during the NR study item phase including LTE-NR coexistence, transmission of small packets in wide bandwidths, latency reduction for MBB and URLLC, and time-domain multiplexing of MBB traffic in mmWave systems to account for hardware restrictions arising from analog beamforming to name a few. The different use cases each have their own requirements and constraints, yet, for the timely completion of the NR work item, a unified design is desirable and beneficial. Moreover, a common design framework for both slot and mini-slot based transmissions can further reduce specification effort as well as minimize the implementation and development effort of NR devices thereby reducing time-to-market and cost-of-ownership. Hence, the NR mini-slot design must cater to both the accelerated timeline for commercial NR deployments and the diverse use cases and applications of mini-slots. 
Whereas slots exist on a fixed nested grid (one subframe corresponds to one slot at 15kHz subcarrier spacing, two slots at 30kHz subcarrier spacing, four slots at 60kHz subcarrier spacing …) no such grid exists for mini-slots. Both starting symbol and duration of a mini-slot based transmission are basically scheduler decisions. Assuming the duration of a mini-slot is signalled in the DCI, two cases can be distinguished. For example, for the LTE-NR coexistence use case, when mini-slots are used to transmit NR signals and channels in LTE MBSFN subframes, the NR PDCCH is always transmitted on the first symbol of the MBSFN region of the MBSFN subframe which is also the first symbol of the mini-slot that is used to transmit NR signals and channels in the partial LTE subframe. In this case, the mini-slot is self-scheduled, i.e., the mini-slot contains both PDSCH and the associated PDCCH. A similar use case arises for URLLC traffic which also requires self-scheduled mini-slots in order to meet the stringent latency requirements. 

In contrast, for the case where a single PDCCH schedules several TDMed PDSCH whereby each PDSCH is based on a mini-slot that PDCCH would always occur at the beginning of a slot and the mini-slots are cross-scheduled by a slot rather than self-scheduled. This, for instance, would be a common use case of mini-slots in mmWave spectrum with analog beamformed pencil-beams. Small packets in wide bandwidths could similarly be scheduled from a slot-based PDCCH but transmitted via a mini-slot. Obviously, NR must support both all these use cases and hence, we propose that self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported.
However, it is very likely that not all UEs in Release 15 will support all the above use cases. Especially self-scheduled mini-slots are demanding on the UE as it needs to monitor for PDCCH transmissions scheduling mini-slot based data transmissions more frequently thereby increasing the computational load and power drain. Hence, we propose that at least for some UEs only a single mini-slot per slot is supported the reason being that the HARQ feedback mechanism used for slot based transmissions could be reused for mini-slots. Given the variable length of mini-slots which may be significantly smaller than regular slots, it is of course possible that multiple mini-slots could be scheduled within the time duration of a regular slot and from the network point of view, there is no restriction on the number of mini-slots per slot. Moreover, by ensuring that in any given slot the UE can be scheduled for a slot based transmission or up to one mini-slot based transmission we ensure that the UE can re-use its HARQ processes seamlessly across slot based and mini-slot based transmissions and does not require more HARQ processes for supporting mini-slot based transmissions.
Proposal 3: 
· At least for some UEs, only a single mini-slot per slot can be allocated
· There is no restriction on the number of mini-slots scheduled per slot from the network perspective
Proposal 4: For mini-slot and slot based transmissions to a given UE the following should be observed:

•
If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

•
If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini-slot based transmission
For the HARQ ACK/NACK feedback mechanism, we propose to use the same design as is used for slot based transmissions. In NR, the HARQ feedback duration can be UE specific and semi-statically configured depending on various factors such as UE capability, slot length etc. If we ensure that for a given UE only one slot based or mini-slot based transmission can happen in a given slot then we can use the existing HARQ interlace as proposed for slot based transmissions as shown in Figure 1. In this figure, we show that both slot based and mini-slot based transmissions use the same HARQ interlace, e.g., two slots. The number of slots in an interlace is semi-statically configured based on a variety of parameters such as UE capability. 

Proposal 5: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes, feedback periodicity and interlace design.  
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Figure 1: Slot based and mini-slot based
5 Conclusion

This contribution addressed three remaining aspects of HARQ-ACK feedback timing in NR, namely, HARQ-ACK feedback timing for paired spectrum (Section 2), HARQ-ACK feedback timing with semi-statically assigned DL/UL transmission directions (Section 3), and HARQ-ACK feedback timing for mini-slot based transmissions (Section 4). The following is proposed: 
Proposal 1: 

· Timing relationship between DL data reception and corresponding acknowledgement can be

· dynamically indicated by L1 signaling 
· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling 

· Timing relationship between UL assignment and corresponding UL data transmission can be 

· dynamically indicated by L1 signaling 
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling
Proposal 2:

· Operation under semi-static DL/UL configuration follows the same HARQ rules as dynamic TDD operation 

· Therefore it can be optional for the UE to read semi-static DL/UL configuration

· Reading configuration can provide power savings to the UE
Proposal 3: 

· At least for some UEs, only a single mini-slot per slot can be allocated

· There is no restriction on the number of mini-slots scheduled per slot from the network perspective

Proposal 4: For mini-slot and slot based transmissions to a given UE the following should be observed:

•
If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

•
If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini-slot based transmission
Proposal 5: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes, feedback periodicity and interlace design.  
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