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1 Introduction

During RAN1#86bis and RAN1#87 meeting, the following agreement on HARQ feedback reporting delay were reached:

	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)

Agreements:
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’

· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.



During RAN1#88bis meeting, the following agreement was reached:

	Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.


The above implies that aggregation of HARQ feedback is supported, where HARQ feedback for multiple DL transmissions on the same carrier or on multiple carriers can be transmitted in one UL data/control region. Such feature is useful for combining feedback for TDD operation, unlicensed operation, and operation in high frequency bands. 
On the issue of UE-processing time for HARQ transmission, the following has been agreed as a progress in RAN1 NR AH#2. Based on the agreements, HARQ timing should take the UE processing capability into account and the details of (N1, N2) values are still open. 
	Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)

· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.

· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.

· Note the timing advance is not included in N1 and N2

· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2

· FFS between the following for each combination defined in the next slide

· Opt 1: UE reports N1 and N2 as UE capability

· Opt 2: Fixed values of N1 and N2

· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing


In this contribution, polling and suppression of HARQ feedback for downlink data and HARQ timing based on UE capability will be discussed. 
This contribution is a resubmission of our previous contribution R1-1716262.
2 Discussion

2.1 HARQ Feedback Aggregation

Given transmitting UCI depends on when the PUCCH is available and the configured frame structure, the delay of reporting HARQ ACK feedback for a downlink transmission in NR can be variable, possibly occurring within the same slot if short PUCCH is available. Such variability is supported in NR given the asynchronous operation of HARQ, as the timing between downlink data reception and the corresponding HARQ acknowledgement can be semi-statically configured or dynamically indicated in the DCI from a set of pre-configured values.

Such flexibility in the feedback delay provides means to aggregate HARQ feedback for multiple downlink transport blocks, i.e. in TDD or unlicensed operation or in beamformed scenarios where the UL beam is only available after a number of slots for example.
2.2 HARQ Feedback Polling
In some cases, it can be useful for the gNB to semi-statically configure the delay of HARQ feedback to a long duration and instead request feedback on demand (or polls the UE for its HARQ status), depending on PUCCH timing and interference conditions. By the time the gNB polls the UE, the UE may have received the same transport block with a number of repetitions or retransmissions. The UE may then report back aggregate or single HARQ feedback for the polled HARQ process(es) of a HARQ entity. Polling for the UE’s HARQ status may therefore reduce the complexity of the HARQ feedback codebook involved, compared to HARQ feedback codebooks used in LTE-TDD for example.

Proposal 1:
DL DCI format supports a HARQ feedback polling request applicable to a specific HARQ process.

Such decision by the gNB scheduler could be facilitated by requesting the UE to report the HARQ state for its HARQ processes for each HARQ entity in use. An example here is when K1 is configured to a large number, though the UE has already successfully decoded the TB after one or multiple transmissions.
Proposal 2:
The UE can receive a DCI that requests the latest UE HARQ state for all HARQ processes of a given HARQ entity.
Polling for feedback may be combined together with a long-duration value for K1 for a given HARQ process to realize HARQ feedback suppression in certain scenarios. For example, in scenarios where channel conditions are poor, it may be desirable for the UE to suppress HARQ feedback until a certain number of retransmissions are performed. This enables improved coverage and reliability at a low overhead cost on the uplink control channel, as downlink HARQ feedback is only sent after the number of retransmission is reached. By configuring K1 to a longer value for the initial transmission, K1 does not elapse before the next retransmission for the concerned HARQ process i.e. for first few transmissions for the same transport block.

HARQ feedback suppression can be used when the HARQ operating point is likely to produce a number of retransmissions beyond the initial transmission of a transport block, and the channel is slowly changing (low mobility UE for example). In the example in Figure 1, with a large K1 value configured for the initial transmission, HARQ feedback may be first sent upon reception of a polling request or after K1 has lapsed following transmission #2, whichever comes first. 
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Figure 1: Illustration of HARQ feedback supression for x = 2
In such case, supressing the DL HARQ feedback until a transmission number where the TB may have a sufficiently high probability to have succeeded produces less unnecessary NACKs on the uplink control channel. Such scenarios can be envisioned for UEs at cell edge conditions, or UEs served at millimetre-wave frequencies experiencing high pathloss for example. HARQ suppression can be also used in case of unlicensed operation to reduce the number of Listen-Before-Talk (LBT) performed by the UE, until an UL resource is known to be available.

Proposal 3:
Possible values for K1 should cover cases where K1 is sufficiently large for feedback suppression, including K1 = infinity.
2.3 HARQ timing based on UE processing time

It has been agreed that a required UE processing time for HARQ reporting in terms of the number of OFDM symbols (i.e., N1) corresponding to a downlink transmission will be considered to determine HARQ reporting timing, where a UE may drop HARQ transmission if the HARQ reporting timing is shorter than the required UE processing time.

In RAN1 #90, nominal assumptions to determine N1 value has been agreed which includes possible scheduling bandwidth, MCS range, maximum number of layers, and so forth. In general, the required UE processing time is largely dependent on the UE implementation as well as the possible scheduling parameters (e.g., maximum TBS, location of references signal, maximum number of layers, and associated control channel decoding complexity). MIMO receiver design is an example of UE implementation which requires a different processing time. For instance, a UE supports advanced MIMO receiver may require a longer processing time as compared with a baseline MIMO receiver. In addition, the impact from higher modulation order for the required processing time could be also different according to the MIMO receiver type. 

Considering that the UE receiver implementation determines the required processing time largely, it seems to be beneficial to support a UE capability reporting of a single N1 value based on the nominal assumption while the N1 value can be scaled down based on the limitation of possible scheduling parameters which may be configured via a higher layer signaling. Therefore, the overhead of UE capability can be limited to few bits while the required UE processing time could be flexibly determined based on the higher layer configuration which can limit the possible scheduling parameters. For example, the reported N1 value is based on the nominal assumption (e.g., single carrier, up to 275 RBs, up to 4 layers) while the N1 value is reduced when the scheduled parameter is limited to a subset (e.g., single carrier, up to 100 RBs, up to 2 layers) in a predetermined manner.

Proposal 4:
N1 value based on nominal assumption is reported as a UE capability and scaled based on the limitation of scheduling parameters from the nominal assumption.
As agreed, N1 value will be used to determine HARQ timing so that a gNB makes sure that a UE has enough time to process for HARQ reporting, where a UE may not send HARQ information if a configured HARQ timing is not enough to process HARQ information. The allowed processing time is determined based on the HARQ timing (e.g., K1) as well as the number of symbols in between the last symbol of PDSCH and the first symbol of the PUCCH. Therefore, if the allowed processing time is longer than the required UE processing time, the UE may send HARQ information in the requested uplink resource. Otherwise, the UE will drop the HARQ transmission due to the lack of processing time.

However, the timing advance value has not been taken into account to determine the dropping of HARQ transmission as it can significantly reduce the allowed processing time. Note that the timing advance value could be as large as 0.67ms assuming 100km cell size. Therefore, the timing advance value should be also taken into account when a UE determines that whether the UE drops the HARQ transmission as well as when a gNB configured the HARQ timing.

Proposal 5:
Timing advance (TA) value should be also considered to determine actual processing time required.
3 Conclusion

In this contribution, downlink HARQ feedback processing and HARQ timing were discussed, including aspects relating to feedback timing, and UE processing time. The following is proposed:

Proposal 1:
DL DCI format supports a HARQ feedback polling request applicable to a specific HARQ process.
Proposal 2:
The UE can receive a DCI that requests the latest UE HARQ state for all HARQ processes of a given HARQ entity.
Proposal 3:
Possible values for K1 should cover cases where K1 is sufficiently large for feedback suppression, including K1 = infinity.
Proposal 4:
N1 value based on nominal assumption is reported as a UE capability and scaled based on the limitation of scheduling parameters from the nominal assumption.
Proposal 5:
Timing advance (TA) value should be also considered to determine actual processing time required.
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