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Introduction
In the last meeting, there are the following agreements about DL HARQ transmission[1]:
Agreements:
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 
· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission
· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively
· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)
· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination
Agreements:
· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
Agreements:
· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details
In this contribution, we will discuss the remaining issues about HARQ-ACK transmission for DL transmission in NR.
Discussion
2.1 HARQ-ACK window 
With fixed timing gap between DL data transmission and acknowledgement, the HARQ-ACK codebook transmitted in one slot is corresponding to the DL channel(s) which the timing gap with the uplink channel equals to the single value.  When the timing is flexible with “[2]bits” indication in the DCI, it is possible that the HARQ-ACK transmitted in the uplink channel relates to the DL channels within a HARQ window. 
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[bookmark: _Ref498545254]Figure 1 Timing relationship about DL control, DL data, and HARQ transmission

As can be seen in the above Figure 1, the timing gap between PDCCH-A and the corresponding indicated PDSCH-A is T1, between PDCCH-B and the corresponding indicated PDSCH-B is T1’, and between PDCCH-C and the corresponding indicated PDSCH-C is T1’’. The HARQ-ACK for PDSCH-A, PDSCH-B and PDSCH-C respectively are all indicated to be transmitted in the same uplink channel.So PDSCH-A, PDSCH-B, and PDSCH-C are within the HARQ window which relates to the uplink channel. Without the HARQ window defined, the UE may not sure when the HARQ-ACK codebook in one uplink channel is completely collectedand at which time HARQ-ACK processing procedure can be started. As a result, it is proposed to define the HARQ window based on the supported value of timing gap between PDSCH and HARQ-ACK.
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[bookmark: _Ref498546870]Figure 2 HARQ window corresponds to one uplink channel

The boundary of HARQ window relates to the range of the actual value of the [2] bits in DCI for indicating the timing between DL data transmission and acknowledgement. This is illustrated in the above Figure 2.From the UE perspective, only the HARQ-ACK relates to DL data transmission within the HARQ window is transmitted in the certain uplink channel.
Proposal 1: To define the HARQ window with the range of actual value of the [2] bits in DCI which indicates the timing between DL data transmission and acknowledgement.
2.2Dynamic HARQ-ACK codebook determination in NR
According to the current agreements, dynamic HARQ-ACK codebook is supported for NR non-CA case and for NR CA case without CBG configuration. Within the HARQ window corresponding to one uplink channel, there may be two kind of DL data transmissions. One is the corresponding HARQ-ACK is indicated to be transmitted in the uplink channel and the other is the corresponding HARQ-ACK is indicated to be transmitted in other uplink channels.Then dynamic HARQ-ACK codebook only relates to the data channels whose corresponding DCI indicates the feedback is exactly in this uplink channel.
Moreover, according to the current agreements, HARQ-ACK codebook determination is based on counter DAI and total DAI. The counter DAI and total DAI in LTE is as the starting point. As per the above discussion, a set of counter DAI and total DAI values also relate to the data channels whose corresponding DCI indicates the feedback is exactly in this uplink channel.
Observation 1: Dynamic HARQ-ACK codebook only relates to the data channels whose corresponding DCI indicates the feedback is exactly in this uplink channel.
In LTE, “the value of the counter Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH and serving cell with PDCCH/EPDCCH indicating downlink SPS release, up to the present serving cell in increasing order of serving cell index”“the value of the total DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH(s) and serving cell with PDCCH/EPDCCH indicating downlink SPS release.”[2]. The counter DAI and total DAI in LTE is based on the situation that the DCI and PDSCH transmission is in the same subframe and PDSCH scheduling is always based on the granularity of subframe.
For NR, however, timing gap between DL assignment and corresponding DL data transmission can be indicated in the DCI. PDSCH transmission can be slot based on non-slot based. Besides, in carrier aggregation situation in NR, HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology. There are special cases about the timing relationship between PDCCH and the indicated PDSCH within a HARQ window. Then the three cases as shown in the Figure 3are to be considered in NR when design the DAI.
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[bookmark: _Ref498679839]Figure 3timing relationship between PDCCH and the indicated PDSCH in NR

· Case 1: As shown in the Figure 3 (1), PDSCH transmitted at different slots are scheduled byDCI in the same interval.
· Case 2: As shown in the Figure 3 (2), earlier transmitted PDSCH is scheduled by later transmitted DCI.
· Case 3: As shown in the Figure 3 (3), PDSCH with different numerology are scheduled by DCI in the same interval.

For Case 1, the gNB schedules the UE DL data transmission in Slot #1,2,3 at the Slot #A. From the UE perspective, PDSCH in Slot #1,2,3 are received successively. It is possible the HARQ-ACK for PDSCH in Slot #1,2,3 is also available successively at the UE side. It is reasonable that the gNB would like to get the HARQ-ACK for the earlier transmitted PDSCH firstly. And then the gNB get the HARQ-ACK for the later transmitted PDSCH. Generally speaking, the order of HARQ-ACK bits in the HARQ-ACK codebook relates to the value of counter DAI within the HARQ window. Therefore, it is reasonable the counter DAI for Slot #1,2,3 increases in order. 
	
	


For Case 2, although the UE gets HARQ-ACK for Slot #2 earlier than HARQ-ACK for Slot #3, The counter DAI relates to Slot #2 is larger than the counter DAI relates to Slot #3 because the gNB makes decision of scheduling Slot #3 more earlier.
For Case 3, Slot #1,5,7 are with different numerologies. Similar as Case2, despite the gNB schedules these threes slots simultaneously, the UE would get HARQ-ACK bit for Slot #1,5,7 successively since the DL transmission ends at different time. Then counter DAI for Slot #1,5,7 increases in order. 
In summary, counter DAI in earlier transmitted PDCCH is less than counter DAI in later transmitted PDCCH regardless of the time order when the indicated PDSCH is transmitted. When more than one PDDCH is transmitted simultaneously, the counter DAI relates to earlier ended PDSCH is less than the counter DAI relates to later ended PDSCH.
Proposal 2:The value of counter DAI in earlier transmitted PDCCH is less thanthe value of counter DAI in later transmitted PDCCH regardless of the time order when the indicated PDSCHsare transmitted. 
Proposal 3:When more than one PDDCH is transmitted simultaneously, the value of counter DAI relates to earlier ended PDSCH is less than the value of counter DAI relates to later ended PDSCH.

Conclusion
In this contribution, we discussed the remaining issues about HARQ-ACK transmission for DL transmission in NR. The following observation and proposals are reached:
Proposal 1: To define the HARQ window with the range of actual value of the [2] bits in DCI which indicates the timing between DL data transmission and acknowledgement.
Observation 1: Dynamic HARQ-ACK codebook only relates to the data channels whose corresponding DCI indicates the feedback is exactly in this uplink channel.
Proposal 2:The value of counter DAI in earlier transmitted PDCCH is less thanthe value of counter DAI in later transmitted PDCCH regardless of the time order when the indicated PDSCHsare transmitted. 
Proposal 3:When more than one PDDCH is transmitted simultaneously, the value of counter DAI relates to earlier ended PDSCH is less than the value of counter DAI relates to later ended PDSCH.
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