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1 Introduction
In this contribution, we discuss the open issues regarding HARQ-ACK timing and DL SPS transmission.  
2 Discussion

0-bit HARQ-ACK timing
It is currently FFS how/whether to support a 0-bit HARQ-ACK timing indication field for DCI format 1_1. This can be done by configuring the same K1 value across the set of possible K1 timing values. Although the use case for this may be quite limited (e.g. FDD) it is up to the network to decide. Although the exact signaling can be left to RAN2, we note that it is not necessary to signal a set of identical values. Rather, the RRC parameter can indicate either a set of 8 values or a single value. 
Proposal 1: The HARQ-ACK timing indicator field in DCI format 1_1 is not present if a single value is configured by RRC signaling.
SPS PDSCH transmission
Regarding DL SPS operation the following agreements were made at the RAN1 AH-1801 and #92 meetings:
Agreements:

· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.

· FFS: how to handle the case when the semi-static configuration conflicts at slot n+k
· FFS: how to handle the case with dynamic SFI
· The contradicting semi-static configuration is defined as when there is at least one semi-statically configured DL symbol overlaps with the symbol(s) carrying HARQ-ACK in slot n+k

Agreements:

· For the case of DL SPS PDSCH with dynamic SFI, 
· The UE is not expected to have conflict between the HARQ-ACK feedback on link (DL or UL) direction between that of dynamic SFI and the A/N for SPS PDSCH in Rel-15

Presently, the possible values for DL SPS periodicity are {10, 20, 32, 40, 64, 80, 128, 160, 320, 640}ms whereas the periodicity of the UL-DL configuration takes values in the set {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10}ms. Since the DL SPS periodicity is not necessarily an integer multiple of the UL-DL periodicity, it could happen that a DL SPS occasion collides with an UL direction as determined by the UL-DL configuration. On the other hand this can be avoided by restricting the DL SPS periodicity to be an integer multiple of the combined periodicity of the UL-DL configuration. 

Proposal 2: A UE is not expected to be configured with a DL SPS periodicity that is not an integer multiple of the periodicity of the UL-DL configuration, if provided by higher layer signaling.
For semi-static HARQ-ACK codebook, since it is determined based on the set of HARQ-ACK timing values, it covers all possible DL reception positions that may require HARQ-ACK feedback in one instance. Hence SPS HARQ-ACK is already contained within the semi-static HARQ-ACK codebook.
For dynamic HARQ-ACK codebook, 38.213 gives the following description for SPS HARQ-ACK. 
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if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the 
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By defining the 
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 monitoring occasions for serving cell 
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 based on the maximum and minimum HARQ-ACK timing values, the 
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 monitoring occasions for different UL slots may be overlapped as shown in Figure 1. In such case, redundant SPS HARQ-ACK is added for some UL slots since SPS HARQ-ACK only exists in one UL slot according to the HARQ-ACK timing of SPS PDSCH indicated in the SPS activation PDCCH. However, we prefer to add 1 bit SPS HARQ-ACK just for the slot n which is the HARQ-ACK feedback slot according to the HARQ-ACK timing of SPS PDSCH indicated in the SPS activation PDCCH.
Proposal 3: 1-bit SPS HARQ-ACK is added into the dynamic HARQ-ACK codebook in slot n when SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot n-K1SPS, where K1SPS is the HARQ-ACK timing indicated in the SPS activation PDCCH. A TP is provided in the appendix. 
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Figure 1: SPS HARQ-ACK feedback for dynamic HARQ-ACK codebook
HARQ-ACK codebook for PDSCH repetition

HARQ-ACK codebook determination is an open issue if a UE is configured for PDSCH repetition. For dynamic HARQ-ACK codebook, since the C-DAI and T-DAI in PDCCH can only be incremented once for a PDSCH bundle, the UE can directly use the C-DAI and T-DAI to generate the HARQ-ACK codebook for PDSCH repetition in the same way as for PDSCH without repetition.

For semi-static HARQ-ACK codebook, the codebook size is determined from the number of possible PDSCH transmission occasions, Mc that requires HARQ-ACK in the same slot. However, if PDSCH repetition is configured, one PDSCH will occupy multiple slots and the HARQ-ACK timing should be determined according to the last PDSCH in the bundle. This implies that there are actually less than Mc possible PDSCH transmission occasions given a configured number of repetitions, denoted as P. As shown in Figure 2, for a configured K1 set of {0,1,2,3,4,5,6,7} where each DL slot has a corresponding PDCCH monitoring occasion, Mc = 6 as determined by slots n+2 to n+7. Here we have assumed that at most one PDSCH is transmitted in a slot, slot n+9 is an UL slot while slot n+8 is a bi-directional slot but the DL region is only used for DL control and it is not included in Mc. Hence, there are at most two non-overlapping PDSCH repetition bundles with P = 4 as shown in Figure 2. This means that at most 2 HARQ-ACKs are transmitted on PUCCH in slot n+9. 
However, the current definition of Mc will lead to a larger codebook with redundant bits since the maximum number of single PDSCH transmissions is counted whereas only one candidate PDSCH occasion should be counted per PDSCH bundle. 
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Figure 2: PDSCH repetition during the Mc PDSCH occasion

Then the following options should be further considered:
· Opt1: Reuse current semi-static HARQ-ACK codebook size, repeat the HARQ-ACK of the PDSCH bundle in each HARQ-ACK position corresponding to each PDSCH in the bundle as shown in Figure 3.
· For other candidate PDSCH occasions in the semi-static HARQ-ACK codebook that are not associated with a PDSCH bundle, generate NACK

· Merit: similar codebook generation procedure as PDSCH without repetition

· Demerit: redundant HARQ-ACK bits in the semi-static HARQ-ACK codebook
· Opt2: Determine semi-static HARQ-ACK codebook size based on the number of PDSCH repetitions 

· For example, Mc= ceil(Mc’/P), where Mc’ is the number of candidate PDSCH reception occasions as determined by the K1 set, the predefined DL time domain resource allocation in one slot and also the PDCCH monitoring occasion configurations based on K0. Then for the same assumption as in Figure 3, the codebook size will be reduced to 2, as shown in Figure 4.
· Mc’ should be determined based on the maximum and minimum K1 values. However not every K1 value can be used since when K1 values within the K1 set are not consecutive there may be a PDSCH repetition bundle  starting in a slot not associated with the feedback slot according to K1 but ending in a slot associated with the feedback slot according to K1. An illustration is shown in Figure 5, assuming K1 = {0, 1, 2, 4, 6, 8, 10, 12}. According to the configured set of K1 values, there are only 5 PDSCH slots since slot n+9 is an UL slot while slot n+8 is a bi-directional slot but the DL region is only used for DL control. Therefore, Mc’ = 5, and Mc = ceil(5/4) = 2 for P = 4. But actually there can be at most 3 PDSCH repetitions that require HARQ-ACK in slot n+9. If Mc’ is determined according to the maximum and minimum values of K1, then Mc’=9, and Mc=ceil(9/4)=3 so as to support 3 PDSCH repetitions that require HARQ-ACK in slot n+9.

Proposal 4: Reduced HARQ-ACK codebook should be considered for semi-static HARQ-ACK codebook when repetition is configured for PDSCH.
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Figure 3: semi-static HARQ-ACK codebook for opt1
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Figure 4: semi-static HARQ-ACK codebook for opt2 with consecutive K1 values
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Figure 5: semi-static HARQ-ACK codebook for opt2 with non-consecutive K1 values
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The HARQ-ACK timing indicator field in DCI format 1_1 is not present if a single value is configured by RRC signaling.
Proposal 2: A UE is not expected to be configured with a DL SPS periodicity that is not an integer multiple of the periodicity of the UL-DL configuration, if provided by higher layer signaling.
Proposal 3: 1-bit SPS HARQ-ACK is added into the dynamic HARQ-ACK codebook in slot n when SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot n-K1SPS, where K1SPS is the HARQ-ACK timing indicated in the SPS activation PDCCH. A TP is provided in the appendix. 
Proposal 4: Reduced HARQ-ACK codebook should be considered for semi-static HARQ-ACK codebook when repetition is configured for PDSCH.
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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 union of of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0 and the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling on a serving cell 
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 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 
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 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 
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. 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: image19.wmf]M

 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 and then in increasing order of PDCCH monitoring occasion index 
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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 
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and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
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 as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving cell 
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 in PDCCH monitoring occasion 
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 according to Table 9.1.3-1. Denote 
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as the value of the total DAI DCI format 1_1 in PDCCH monitoring occasion 
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 according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_1 in PDCCH monitoring occasion 
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If the UE transmits HARQ-ACK in a PUCCH in slot n and for any PUCCH format, the UE shall determine the 
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 HARQ-ACK information bits, according to the following pseudo-code:
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Set 
[image: image32.wmf]0

=

m

 – 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
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if there is a PDSCH on serving cell 
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 associated with PDCCH in PDCCH monitoring occasion 
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, or there is a PDCCH indicating downlink SPS release on serving cell 
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 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 for at least one configured DL BWP of at least one serving cell,
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elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and 
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 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 DL BWP of a serving cell,
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 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 for at least one configured DL BWP of a serving cell,
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if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot n-K1_sps 
for serving cell 
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, where K1_sps is the PDSCH-to-HARQ-feedback timing values for the SPS PDSCH
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