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[bookmark: _Ref521334010]Introduction
For the IIOT, DL SPS enhancement is jointly studied by RAN1 and RAN2 [1]. Abundant agreements have been achieved in Rel-16 during previous discussions. This contribution analyzes remaining issues on DL SPS enhancement and provides some text proposals for HARQ-ACK codebook determination.

In the RAN #99 meeting, the following working assumption related to DL SPS was achieved:
Working assumption:
[bookmark: _Hlk30612715]In case of collision only between more than one SPS PDSCHs each without a corresponding PDCCH, a UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs.   
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]The UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs
Discussion
In current specification, the following pseudo-code was specified for HARQ-ACK generation for SPS PDSCH configuration. 
	Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configuration configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH reception on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if UE receives SPS PDSCH in slot  for SPS PDSCH configuration  on serving cell 
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while



However, we think at least the following issues are not clear enough based on the pseudo-code.
Issue 1: HARQ-ACK codebook redundancy for SPS PDSCH within a DL slot associated with the PUCCH but without HARQ-ACK in the PUCCH
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the above pseudo-code, since UE will feed back HARQ-ACK for any SPS PDSCH received within a DL slot  associated with a target PUCCH, UE will generate HARQ-ACK for a SPS PDSCH within a DL slot  even if the HARQ-ACK for such SPS PDSCH is not included in the target PUCCH. For example, as shown in figure 1, assuming K1=2 for SPS configuration 1 and K1=1 for SPS configuration 2, for HARQ-ACK feedback in slot n+2, DL slot n and n+1 should be considered as UE is supposed to feedback HARQ-ACK corresponding to SPS configuration 1 in slot n and SPS configuration 2 in slot n+1 in slot n+2. Since UE receives SPS configuration 1 in slot n+1 as well, one bit HARQ-ACK for SPS configuration 1 in slot n+1 is included in the HARQ-ACK codebook transmitted in slot n+2 according to the current pseudo-code although the HARQ-ACK feedback for SPS configuration 1 in slot n+1 is not reported in slot n+2 actually. In order to remove the redundancy of HARQ-ACK codebook, HARQ-ACK should be generated based on SPS PDSCH with HARQ-ACK feedback in the same PUCCH.
Proposal 1: HARQ-ACK codebook for SPS PDSCH should be generated based on SPS PDSCH with HARQ-ACK feedback in the same PUCCH.


Figure 1: an example of HARQ-ACK feedback for two SPS configurations

Issue 2: it is not clear how to understand the overlapping among multiple SPS PDSCHs
There are different overlapping cases as shown in Figure 2. If only one of the SPS PDSCHs with the lowest configuration index within a group of overlapping SPS PDSCHs is to be received and decoded, then for all cases, only SPS PDSCH with configuration index 1 is required to be decoded. However, if more than one non-overlapping SPS PDSCHs within a group of overlapping SPS PDSCHs can be received and decoded, SPS PDSCH with configuration index 3 in case B and case C can be decoded and HARQ-ACK for the SPS PDSCH should be included in the HARQ-ACK codebook, which is not captured by current specification. Hence we propose to clarify the understanding of the overlapping among multiple SPS PDSCHs.
Proposal 2: It should be clarified how to determine the overlapping SPS PDSCHs among a group of SPS PDSCHs. 


Figure 2 examples of overlapping among multiple SPS PDSCHs

Issue 3: the definition of ‘receive’ is not clear
It is our understanding that the intention of ‘receive’ in the pseudo code is to include activated SPS configurations only. Generally, there may be four cases in one SPS occasion of an activated SPS configuration:
· Case 1: Only one SPS PDSCH transmission
· Case 2: A SPS PDSCH is cancelled when UL transmission is scheduled by a DCI in the set of symbols of the SPS PDSCH, or is cancelled on a flexible symbol when the flexible symbol is not indicated as DL symbol by SFI or when SFI is configured but not received.
· Case 3: A dynamic PDSCH is scheduled to be overlapped in time domain with the SPS PDSCH 
· Case 4: Multiple SPS transmissions overlap in time domain

For case 2, based on the following description, it is clear that such case is excluded from the HARQ-ACK generation since UE does not receive the SPS PDSCH. However, to avoid potential misalignment between UE and gNB for the HARQ-ACK codebook, HARQ-ACK for the cancelled SPS PDSCH in such case should be included in the HARQ-ACK codebook.
	TS 38. 213
11.1	Slot configuration
[unnecessary part is omitted]
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the slot. 
[unnecessary part is omitted]

11.1.1	UE procedure for determining slot format
 [unnecessary part is omitted]
If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot. 
[unnecessary part is omitted]

For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-	[unnecessary part is omitted]
-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot
-	[unnecessary part is omitted]



For case 3, if the dynamically scheduled PDSCH overlaps with SPS PDSCH in time, the dynamic PDSCH can override SPS PDSCH if the timeline is satisfied in which case UE is not required to decode SPS PDSCH. Otherwise if the timeline is not satisfied, UE is not expected to decode both dynamic PDSCH and SPS PDSCH.
	TS 38.214
5.1	UE procedure for receiving the physical downlink shared channel
[unnecessary part is omitted]
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.
[unnecessary part is omitted]



It is not clearly specified that whether UE receives a PDSCH if UE is not expected or not required to decode the PDSCH. It seems more reasonable that UE does not receive the PDSCH if UE does not decode the PDSCH. Then according to the pseudo code, the HARQ-ACK for the SPS PDSCH which overlaps with the dynamic PDSCH is not included in the HARQ-ACK codebook. However, since DCI may be missed by the UE, HARQ-ACK for such SPS PDSCH should be included in the HARQ-ACK codebook so as to avoid the misalignment between UE and gNB for the HARQ-ACK codebook.  
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 3: There should be HARQ-ACK feedback for a SPS PDSCH within the HARQ-ACK codebook even when such SPS PDSCH is cancelled by DCI/SFI or when a PDSCH scheduled by a DCI overlaps in time domain with the SPS PDSCH, and NACK should be generated if the SPS PDSCH is not received.
To solve the issues at least for case 2 and 3, we propose to change ‘UE receives’ into ‘UE is configured to receive’ to always generate HARQ-ACK for activated SPS PDSCH in case 2 and case 3, so as to avoid misunderstanding between UE and gNB when DCI is missed. However, the positions of HARQ-ACK feedback for SPS PDSCH(s) overlapping with other SPS PDSCH with lower configuration index will be reserved as well in case 4 which is contradictory with the WA. 
Although the modification of HARQ-ACK codebook should be based on the clarification on how to determine the overlapping SPS PDSCHs among a group of SPS PDSCHs, at least, we propose to clarify that UE does not generate HARQ-ACK for a SPS PDSCH which is not decoded at UE side among multiple overlapping SPS PDSCHs so as to reduce the redundancy of the HARQ-ACK codebook.

	TS 38.214
5.1	UE procedure for receiving the physical downlink shared channel
[unnecessary part is omitted]
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are partially or fully overlapping in time, a UE is not required to decode a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex.
[unnecessary part is omitted]


Proposal 4: HARQ-ACK feedback for a SPS PDSCH should not be included in the HARQ-ACK codebook when the SPS PDSCH is not decoded among overlapping SPS PDSCHs.
Following text proposal is proposed according to the analyses above: 

[bookmark: _GoBack]-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.1.2	Type-1 HARQ-ACK codebook determination
< ---unchanged part is omitted--->
Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configuration configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH reception on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if UE is configured to receives SPS PDSCH in slot  for SPS PDSCH configuration  on serving cell , and the HARQ-ACK for the SPS PDSCH would be transmitted on the PUCCH
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 5: Adopt the above text proposals for HARQ-ACK codebook generation in response to SPS PDSCH receptions.
Conclusion
This contribution discussed enhancement for DL SPS. We have the following observations and proposals,
Proposal 1: HARQ-ACK codebook for SPS PDSCH should be generated based on SPS PDSCH with HARQ-ACK feedback in the same PUCCH.
Proposal 2: It should be clarified how to determine the overlapping SPS PDSCHs among a group of SPS PDSCHs. 
Proposal 3: There should be HARQ-ACK feedback for a SPS PDSCH within the HARQ-ACK codebook even when such SPS PDSCH is cancelled by DCI/SFI or when a PDSCH scheduled by a DCI overlaps in time domain with the SPS PDSCH, and NACK should be generated if the SPS PDSCH is not received.
Proposal 4: HARQ-ACK feedback for a SPS PDSCH should not be included in the HARQ-ACK codebook when the SPS PDSCH is not decoded among overlapping SPS PDSCHs.
Proposal 5: Adopt the above text proposals for HARQ-ACK codebook generation in response to SPS PDSCH receptions.
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