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1 [bookmark: _GoBack]Introduction
It was agreed in the last RAN1 NR Adhoc#4 meeting that DCI format 1_0 contains a 2-bit counter DAI but doesn’t contain total DAI [1].
	Agreements: (RAN1 NR-AH#4)
· DCI 0-0 doesn’t contain DAI
· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI


In this contribution, we discuss the issue related to dynamic HARQ-ACK codebook construction in case that DCI format 1_0 and DCI format 1_1 are scheduled in the same monitoring occasion.

2 Issues on dynamic HARQ-ACK codebook construction
To schedule PDSCH, there are two DCI formats. One is fallback DCI format, namely DCI format 1_0 and another is non-fallback DCI format, namely DCI format 1_1. The non-fallback DCI contains 2-bit counter-DAI and 2-bit total DAI. However, fallback DCI contains 2-bit counter DAI only. Thus, if a UE receives only fallback DCI, the UE cannot know total DAI value. In Figure 1, for example, a fallback DCI is scheduled in component carrier#0 and a non-fallback DCI is scheduled in component carrier#1. If counter DAI is increased according to component carrier index as in LTE eCA, as shown in figure 1(a), counter DAI = 1 for fallback DCI and (counter DAI, total DAI) = (2,2) for non-fallback DCI. In this case, if a UE receives fallback DCI only, then the UE would generate 1-bit HARQ-ACK for the PDSCH scheduled by fallback DCI. However, gNB expects 2-bit HARQ-ACK for the PDSCHs scheduled by fallback DCI and non-fallback DCI. This is because fallback DCI does not contain any information about the total number of PDSCH. To resolve this issue, we propose a simple rule as follows: 
· Proposed rule: for a monitoring occasion, count non-fallback DCI first and then count fallback DCI
As shown is figure 1(b), counter DAI = 2 for fallback DCI and (counter DAI, total DAI) = (1,2) for non-fallback DCI. Even if non-fallback DCI is DTXed, the UE can know the number of PDSCHs from its counter DAI value of 2. So, there are no miss-understanding between gNB and UE. 

[image: ]
Figure 1. Counter DAI and Total DAI Configurations for DCI format 1_0 & 1_1
As an extension of the proposed rule to the additional examples, Figure 2 shows the mismatch of HARQ-ACK bits with various configurations of DCI format 1_0 & 1_1. It is shown that the proposed rule can provide the higher reliable HARQ-ACK bits without any cost. Therefore, the proposed simple rule is necessary for dynamic HARQ-ACK codebook.
· Proposal 1: In case of dynamic HARQ-ACK codebook, NR supports the following rules for counter-DAI 
· For a monitoring occasion, count non-fallback DCI first and then count fallback DCI

[image: ]
(a) 2 fallback DCIs and 1 non-fallback DCI
[image: ]
(b) 1 fallback DCIs and 2 non-fallback DCI
Figure 2. Examples

The text proposal reflecting proposal 1 is presented below:


-----------------------------------Start of Text proposals on 38.213v15.0.0 (2018-02) -----------------------------------
[bookmark: _Ref500250940][bookmark: _Toc505848923]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
Based on maximum and minimum PDSCH-to-HARQ_feedback timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS release on a serving cell [image: ] and for which the UE transmits HARQ-ACK in a same PUCCH based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring occasions for PDSCH scheduling on serving cell [image: ] are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell [image: ]. The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across configured cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number [image: ] of PDCCH monitoring occasions.

A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index corresponding to DCI format 1_1 and second in increasing order of serving cell index corresponding to DCI format 1_0 and then in increasing order of PDCCH monitoring occasion index [image: ], where . 
The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion [image: ]and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
Denote [image: ] as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release for serving cell [image: ] in PDCCH monitoring occasion [image: ] according to Table 9.1.3-1. Denote [image: ]as the value of the total DAI DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release in PDCCH monitoring occasion [image: ] according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_0 or DCI format 1_1 scheduling PDSCH reception(s) and DCI format 1_0 indicating downlink SPS release in PDCCH monitoring occasion [image: ].
If the UE transmits HARQ-ACK in a PUCCH with PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the UE shall determine the [image: ] according to the following pseudo-code:
Set [image: ] – serving cell index: lower indices correspond to lower RRC indices of corresponding cell
Set [image: ] – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ] to the number of cells configured by higher layers for the UE
Set [image: ] to the number of PDCCH monitoring occasion(s)
while [image: ]

while 
if there is a PDSCH scheduled by DCI format 1_1 on serving cell [image: ] associated with PDCCH in PDCCH monitoring occasion [image: ] 

if 
		[image: ]
end if
[image: ]
if [image: ]
		[image: ]
else 
	[image: ]
if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and [image: ] is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
	[image: ] = HARQ-ACK bit corresponding to the first transport block of this cell
	[image: ] = HARQ-ACK bit corresponding to the second transport block of this cell
	[image: ]
elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and [image: ] is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
[image: ] = binary AND operation of the HARQ-ACK bits corresponding to the first and second transport blocks of this cell
[image: ]
else
	[image: ] = HARQ-ACK bit of this cell
	[image: ]
end if
[image: ]
end while

Set 

while - the 2nd loop for fallback DCI
if there is a PDSCH scheduled by DCI format 1_0 on serving cell [image: ] associated with PDCCH in PDCCH monitoring occasion [image: ], or there is a PDCCH indicating downlink SPS release on serving cell [image: ]

if 
		[image: ]
end if
[image: ]
if [image: ]
		[image: ]
else 
	[image: ]
if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and [image: ] is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
[image: ] = HARQ-ACK bit corresponding to the first transport block of this cell
[image: ] = HARQ-ACK bit corresponding to the second transport block of this cell
[image: ]
elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and [image: ] is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
[image: ] = binary AND operation of the HARQ-ACK bits corresponding to the first and second transport blocks of this cell
[image: ]
else
	[image: ] = HARQ-ACK bit of this cell
	[image: ]
end if
[image: ]
end while
[image: ]
end while
[image: ]
end while
if [image: ]
	[image: ]
end if
if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and [image: ] is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
[image: ]
else
[image: ]
[image: ] for any [image: ]
Set [image: ] 

while 
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the [image: ] monitoring occasions for serving cell [image: ][image: ]
[image: ]= HARQ-ACK bit associated with the SPS PDSCH reception
end if
		[image: ];
end while
For a monitoring occasion of a PDCCH with DCI format 1_0 or DCI format 1_1 in at least one serving cell, when a UE receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 
------------------------------------------------ (Unchanged parts omitted) ---------------------------------------------------
----------------------------------------------------End of Text Proposal -------------------------------------------------------

NR supports PDSCH transmission over multiple slots by configuration. The number of slots for PDSCH repetition is one of the values 1,2,4,8. One remaining issue is whether to support semi-static HARQ-ACK codebook or dynamic HARQ-ACK codebook for PDSCH transmission over multiple slots. In the current TS38.213 specification does not support semi-static HARQ-ACK codebook when PDSCH transmission over multiple slots is configured. To support semi-static HARQ-ACK codebook, it is needed to change the psuedo-code for construction of a DL association set. To minimize specification works, we propose the following:
· Proposal 2: In case of PDSCH transmission over multiple slots, NR supports dynamic HARQ-ACK codebook only. 

3 Conclusion
In this contribution, we discussed the counting rule for dynamic HARQ-ACK codebook. Our views are summarized as follows:
· Proposal 1: In case of dynamic HARQ-ACK codebook, NR supports the following rules for counter-DAI 
· For a monitoring occasion, count non-fallback DCI first and then count fallback DCI
· Proposal 2: In case of PDSCH transmission over multiple slots, NR supports dynamic HARQ-ACK codebook only. 
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