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1. Introduction
In this contribution, we discuss remaining issues on DL SPS enhancements for URLLC/IIoT. 

Issue #1: MCS table for DL SPS
1.1. Discussion 
According to current specification, the following MCS table selection for DL SPS is defined. 
	· Case 1: if mcs-Table is configured in SPS-Config
· Case 1-1: if the PDSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
· Case 1-2: if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-Config,
· the UE shall use IMCS and Table 5.1.3.1-3
· Case 2: if mcs-Table is not configured in SPS-Config
· Case 2-1: if mcs-Table given by PDSCH-Config is set to 'qam256'
· Case 2-1-1: if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or
· Case 2-1-2: if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-Config,
· the UE shall use IMCS and Table 5.1.3.1-2
· Case 2-2: if mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256'
· Case 2-2-1: if the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI
· the UE shall use IMCS and Table 5.1.3.1-2
· Case 3: otherwise
· the UE shall use IMCS and Table 5.1.3.1-1


One clarification point is whether the above table includes the case where mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256' and the PDSCH with SPS activated by DCI format 1_2 is scheduled without corresponding PDCCH. As per current specification, if mcs-Table is not configured in SPS-Config, and if mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256' but if mcs-Table given by PDSCH-Config is absent, then for the PDSCH with SPS activated by DCI format 1_2 scheduled without corresponding PDCCH, the UE uses 64QAM table, which seems not our intention. 
Another problem can happen if either mcs-Table-ForDCIFormat1_2 or mcs-Table given by PDSCH-Config is set to 'qam64LowSE'. This case for now falls into Case 3 in which the UE uses 64QAM table, which also seems not correct. This in fact applies both DCI format 1_1 and 1_2, and thus should be further discussed.  
Proposal 1: If mcs-Table is not configured in SPS-Config, and if mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', then for the PDSCH with SPS activated by DCI format 1_2 scheduled without corresponding PDCCH, the UE uses 256QAM table.
Proposal 2: Further discuss on the case where either mcs-Table-ForDCIFormat1_2 or mcs-Table given by PDSCH-Config is set to 'qam64LowSE'.

1.2. Text proposal 

	Modified subclause (5.1.3.1 of TS38.214 v16.0.0)



[bookmark: _Toc11352091][bookmark: _Toc20317981][bookmark: _Toc27299879][bookmark: _Toc29673144][bookmark: _Toc29673285][bookmark: _Toc29674278]5.1.3.1	Modulation order and target code rate determination
For the PDSCH scheduled by a PDCCH with DCI format 1_0, format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI, or for the PDSCH scheduled without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration SPS-Config, 
if the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
[bookmark: _Hlk497815485]elseif the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
[bookmark: _Hlk515440637][bookmark: _Hlk515440310]elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with a DCI format other than DCI format 1_2 in a UE-specific search space with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is configured with MCS-C-RNTI, and the PDSCH is scheduled by a PDCCH with CRC scrambled by MCS-C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-config, the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI
-	if the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI or
-	if the PDSCH with SPS activated by DCI format 1_2 is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-Config, the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam256', 
-	if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or
-	if the PDSCH with SPS activated by DCI format 1_1 or 1_0 is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is configured with the higher layer parameter mcs-Table given by SPS-Config set to 'qam64LowSE'
-	if the PDSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-Config, 
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end
The UE is not expected to decode a PDSCH scheduled with P-RNTI, RA-RNTI, SI-RNTI and Qm > 2
	End of modifications


On
Issue #2: SPS PDSCH collision handling
1.3. Discussion 
In RAN1#100e, extensive discussion on SPS PDSCH collision handling was occurred but there was no consensus made. Instead the following options were listed up. 
Option 1: 
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
· A UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs on the same serving cell. 
· A SPS PDSCH belongs to a group of overlapping SPS PDSCHs
· If its SLIV is within the starting symbol of the first SPS PDSCH in that group, and the last symbol of the last SPS PDSCH in that group, and
· If this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot, and
· If the starting and ending symbols of this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot if the SPS PDSCH is neither the first nor the last SPS PDSCH in the group

Option 2: 
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
· A UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell according to the following procedure.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within Q, set j=j+1. Designate the received SPS PDSCH as survivor SPS PDSCH.
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCH(s) overlapping, even partially, the survivor SPS PDSCH are excluded from Q. 
· Step 3: Repeat step 1 and 2 until the group is empty or j≥N, where N is the number of unicast PDSCHs in a slot supported by the UE

At the first moment, option 1 was originally brought up as a simple mechanism, however, it turned out to be not that simple due to the necessity on how to choose SPS PDSCHs to be actually received at UE side. Now, it seems both options have a similar specification impact and thus it may be better to compare these options in terms of their benefits. Furthermore, the unified mechanism would be preferred for UE capability of the number of PDSCHs in a slot supported by the UE. 
Let us assume a UE capable of 4 unicast PDSCHs in a slot. For an example in Figure 1, the UE will receive SPS 1 and SPS 4 in option 1 while SPS 1, SPS 3, SPS 4 and SPS 6 in option 2.  

Figure 1. Example 1 for SPS PDSCH collision

For another example in Figure 2, the UE will receive only SPS 1 in option 1 whereas SPS 1, SPS 3, and SPS 5 in option 2. 

Figure 2. Example 2 for SPS PDSCH collision

Based on the observation above, option 2 can provide more chances for PDSCH receptions. Moreover, option 2 can offer better scalability for various UEs having different capabilities on the number of unicast PDSCHs in a slot. Having said those, option 2 can be taken into account at this stage. 
Proposal 3: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
· A UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell according to the following procedure.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within Q, set j=j+1. Designate the received SPS PDSCH as survivor SPS PDSCH.
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCH(s) overlapping, even partially, the survivor SPS PDSCH are excluded from Q. 
· Step 3: Repeat step 1 and 2 until the group is empty or j≥N, where N is the number of unicast PDSCHs in a slot supported by the UE

Issue #3: SPS PDSCH release for UEs with single PDSCH decoding per slot capability
1.4. Discussion 
For a UE not indicating a capability to receive more than one unicast PDSCH per slot, with type-1 HARQ-ACK codebook, Rel-15 spec does not allow SPS release and unicast PDSCH to be transmitted in the same slot. The reason for adding the restriction is to avoid HARQ-ACK feedback issue, so that there is only a single HARQ-ACK bit for each slot. The restriction does not really result in much problem in Rel-15 as it should not be difficult for the gNB to find a slot to transmit SPS release (when it is not transmitting unicast PDSCH). However in Rel-16, in case of 1-slot periodicity for SPS, for such UE (capable of only a single PDSCH decoding per slot), the gNB would never have a chance to transmit a SPS release, which could be problematic. In order to alleviate this problem, we can consider some scheduling restriction such that the PDCCH carrying the release DCI does not end after the SPS PDSCH occasion in a slot in which case the UE will only report HARQ-ACK corresponding to the release DCI. In addition, it would be desirable for such UE to still report only 1 HARQ-ACK bit per slot on a given serving cell. 
Proposal 4: For a UE not indicating a capability to receive more than one unicast PDSCH per slot, if a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case, 
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· FFS cross-carrier scheduling case

Issue #4: HARQ-ACK feedback for SPS PDSCH cancelled by SFI or dynamic UL grant
1.5. Discussion 
In case of SPS PDSCH collision, it was agreed that a UE only reports HARQ-ACK feedback corresponding to the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs. On the other hand, if a SPS PDSCH is cancelled by other reasons such as SFI or dynamic UL grant, whether or not to report HARQ-ACK feedback for the SPS PDSCH is still a pending issue. Considering this cancellation can happen only if the UE does not miss DCI, it would be better to include HARQ-ACK feedback for a cancelled SPS PDSCH in order to avoid any misalignment between UE and gNB due to DCI missing. 
Proposal 5: HARQ-ACK feedback for a SPS PDSCH should be included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/SFI in which case NACK is generated for the SPS PDSCH. 

Conclusion
In this contribution, we discussed remaining issues on DL SPS enhancements for URLLC/IIoT. Based on the above discussion, our proposals are given as follows:
Proposal 1: If mcs-Table is not configured in SPS-Config, and if mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', then for the PDSCH with SPS activated by DCI format 1_2 scheduled without corresponding PDCCH, the UE uses 256QAM table.
Proposal 2: Further discuss on the case where either mcs-Table-ForDCIFormat1_2 or mcs-Table given by PDSCH-Config is set to 'qam64LowSE'.
Proposal 3: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
· A UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell according to the following procedure.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within Q, set j=j+1. Designate the received SPS PDSCH as survivor SPS PDSCH.
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCH(s) overlapping, even partially, the survivor SPS PDSCH are excluded from Q. 
· Step 3: Repeat step 1 and 2 until the group is empty or j≥N, where N is the number of unicast PDSCHs in a slot supported by the UE
Proposal 4: For a UE not indicating a capability to receive more than one unicast PDSCH per slot, if a UE is configured to receive at least one SPS PDSCH in a slot on a serving cell, at least for same-carrier scheduling case, 
· if a PDCCH with SPS PDSCH release including an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot is received in the slot, only HARQ-ACK corresponding to the PDCCH with SPS PDSCH release is generated
· The UE is not expected to receive the PDCCH with SPS PDSCH release such that the PDCCH ends after the last symbol of the SPS PDSCH of an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· The UE is not expected to receive a PDCCH with SPS PDSCH release which does not include an SPS configuration with the lowest configuration index among the SPS configuration(s) configured to be received in the slot
· FFS cross-carrier scheduling case
[bookmark: _GoBack]Proposal 5: HARQ-ACK feedback for a SPS PDSCH should be included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/SFI in which case NACK is generated for the SPS PDSCH. 
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