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Introduction
In last RAN1 meeting, many agreements were made for DL SPS related issues. This contribution discusses remaining issues for DL SPS and intra-UE multiplexing based on RAN2 LS (R1-2003259). 

Discussion
1 
2 
SPS PDSCHs overlapping in time domain
Based on agreement made in last meeting, following TP was captured in TS 38.214 endorsed after RAN1#100bis-e meeting as follows. 
	If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are partially or fully overlapping in time in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒    Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒    Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒    Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒    Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast PDSCHs in a slot supported by the UE 


There was another sentence for provide UE behavior in which a UE support only one PDSCH reception in a slot and there are more than a SPS PDSCH as follows. 
	If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.


	Since above text is subset of pseudo code when j=1, this should be removed. 
Proposal 1: Support to remove following text in TS 38.214. 
	If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.


	For overlapping multiple SPS PDSCHs and dynamic scheduled PDSCH, there was an agreement, but not captured in specification due to lack of time in last meeting. 
	Agreements:
If dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs, the reference SPS PDSCH for the 14 symbols is an SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped with dynamic scheduled PDSCH after resolving overlapping for SPS PDSCHs. 


	So, it should be captured in TS 38.214. 
Proposal 2: Support to revise following text in TS 38.214. 
	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 after resolving overlapping for PDSCHs without corresponding PDCCH transmissions except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.



Multiple aggregation factors for DL SPS
Following agreements were achieved in last meeting
	Agreements:
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, when a UE is configured with pdsch-AggregationFactor, SPS PDSCH overlapping handling is performed per slot.
· FFS: Type-1 and Type-2 HARQ-ACK codebook construction when UE is configured with (multiple) pdsch-AggregationFactor




For Type-1 HARQ-ACK codebook, there can be multiple values of pdsch-AggregationFactor since both DG PDSCH and SPS PDSCH can be in a same HARQ-ACK codebook. To guarantee the PDSCH repetition with different values of pdsch-AggregationFactor can have HARQ-ACK information in the HARQ-ACK codebook in TDD scenario, the maximum of pdsch-AggregationFactor values provided in SPS-Config and/or PDSCH-Config should be used to generate the Type-1 HARQ-ACK codebook, otherwise there might be no bits for a DG PDSCH or SPS PDSCH in the HARQ-ACK codebook. 
For example, there are two SPS configurations. SPS 1 is configured with pdsch-AggregationFactor of 2, SPS 2 is configured with pdsch-AggregationFactor of 4. PDSCH and PUCCH have the same SCS configuration. The DL/UL slot format is DDUU for slot 0 to 3. For a HARQ-ACK codebook in a PUCCH in slot 4, if  , for slot 3, according to the current pseudo code, the TDRA row will be deleted from the table for slot 3 due to UL conflicts. There will be no HARQ-ACK information for a last PDSCH repetition in slot 3 in a HARQ-ACK codebook. However, there can be an SPS PDSCH #2 starting repetition in slot 0 with K1 = 1, although the SPS PDSCH repetition will not be received in slot 2 and 3, the SPS PDSCH #2 should have a HARQ-ACK feedback in the HARQ-ACK codebook in slot 4. On the contrary, if  , for slot 3, the TDRA rows will not be deleted since the PDSCH can be received in slot 0 or 1. 
Similarly, if dynamic indication of slot based PDSCH repetition (RepNumR16) is configured, the maximum of the values of pdsch-AggregationFactor values provided in SPS-Config and/or PDSCH-Config and values of RepNumR16 should be used to generating Type-1 HARQ-ACK codebook.
Proposal 3: For Type-1 HARQ-ACK codebook, the set of MA,c occasions for candidate PDSCH receptions should be determined based on the maximum of the values of pdsch-AggregationFactor values, if provided in SPS-Config and/or PDSCH-Config and values of RepNumR16, if provided. The following TP should be adopted.
	TS 38.213
9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell [image: ], an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of [image: ] occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot [image: ]. If serving cell [image: ] is deactivated, the UE uses as the active DL BWP for determining the set of [image: ] occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values [image: ] associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell [image: ], [image: ] is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
[bookmark: _Hlk508697304]b)	If the UE is configured to monitor PDCCH for DCI format 1_1 for serving cell [image: ], [image: ] is provided by dl-DataToUL-ACK for DCI format 1_1
b)	on a set of row indexes [image: ] of a table that is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP and defining respective sets of slot offsets [image: ], start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]
c)	on the ratio [image: ] between the downlink SCS configuration [image: ] and the uplink SCS configuration [image: ] provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in Clause 11.1 
e)	if CA-slot-offset is provided, on and  for serving cell , or on  and  for the cell of PUCCH transmission, as described in [4, TS 38.211].
f) on , where  is the maximum of values of pdsch-AggregationFactor, if provided in SPS-Config and/or PDSCH-Config, and values of RepNumR16, if provided.
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = JointFeedback
where 
-	a serving cell is placed in a first set  of  serving cells if the serving cell includes a first CORESET, and
-	a serving cell is placed in a second set  of  serving cells if the serving cell includes a second CORESET, and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set   and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of [image: ] HARQ-ACK information bits..
For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
If a UE is not provided CA-slot-offset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to the set of rows
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot [image: ] is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot    to slot [image: ], at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
…



For Type-2 HARQ-ACK codebook, pdsch-AggregationFactor should also be clarified for PDCCH MO set determination. In Rel-15, there is only one value of pdsch-AggregationFactor for a serving cell. In Rel-16, PDSCHs can be associated with different values of pdsch-AggregationFactor. PDCCH MO set should be determined based on all the values of pdsch-AggregationFactor provided in both SPS-Config or PDSCH-Config. 
PDCCH MO set is determined first. For each PDCCH MO within the set, UE needs to check whether there is a PDCCH schedules a PDSCH or indicates an SPS release with HARQ-ACK feedback in the same slot n.
For a PUCCH in slot n, the PDCCH MO set should contain all the possible PDCCH occasions in which a PDCCH may schedule a PDSCH or indicate an SPS release with HARQ-ACK feedback in the same slot n.
For example, SPS #1 is configured with pdsch-AggregationFactor =2, SPS #2 is configured with  pdsch-AggregationFactor =4, PDSCH-config is configured with pdsch-AggregationFactor =8. DL and UL have the same SCS. K0=0, K1={1,2,3,4,5,6,7,8}.
As shown in Figure 1, it is possible that UE can receive DCI 1, 2 and 3. DCI 1 activates SPS #1 with K1=8, DCI 2 activates SPS #2 with K1=8, DCI 3 schedules a PDSCH3 with K1=8. The HARQ-ACK of DCI 1, DCI 2 and PDSCH 3 would be multiplexed on a PUCCH in slot n. For a value K1=8, the PDCCH MO set should contain the slots n-15, n-11 and n -9. For another value K1=7, the PDCCH MO set should contain the slots n-14, n-10 and n -8…
It needs to be clarified that the PDCCH MO set should include all the possible slots determined based on all the possible values of K0, K1 and pdsch-AggregationFactor. 
[image: cid:image005.png@01D619CF.47BE0B10]
Figure 1. PDCCH MO set for different values of pdsch-AggregationFactor
Proposal 4: For Type-2 HARQ-ACK codebook, monitoring occasions for PDCCH on an active DL BWP of a serving cell should be determined by all the values of pdsch-AggregationFactor, when provided in both SPS-Config and PDSCH-Config. The following TP should be adopted.
	TS 38.213
9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell [image: ], as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot [image: ] based on
-	PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot [image: ] in response to PDSCH receptions or SPS PDSCH release
-	slot offsets [image: ] [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling PDSCH receptions or SPS PDSCH release and by values of pdsch-AggregationFactor, when provided in SPS-Config and PDSCH-Config. 
…



PUCCH power control for HARQ-ACK codebook of multiple SPS PDSCH receptions
Following conclusion and agreements were achieved in last meeting,
	Conclusion:
· For type-1 codebook, Rel-15 behavior is not to include a HARQ-ACK bit for the SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI if only one HARQ-ACK bit for the SPS PDSCH is to be transmitted on a PUCCH.
· For type-2 codebook, Rel-15 behavior is to include a HARQ-ACK bit for SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI.

Agreements:
Update previous agreements by:
HARQ-ACK feedback for a SPS PDSCH is included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/dynamic SFI in which case NACK is generated for the SPS PDSCH.
   For type-1 codebook, the main bullet is not applied if only a single HARQ-ACK bit, for an SPS PDSCH, is mapped on a PUCCH; otherwise, the main bullet is applied.
   For type-2 codebook, the main bullet is applied.



There is an issue for PUCCH power control when all the SPS PDSCHs are cancelled by DCI/dynamic SFI and the UCI only contains the HARQ-ACK codebook for SPS PDSCHs. If the number of SPS PDSCHs is larger than 2 and no larger than 11, PUCCH format 2 or PUCCH format 3 or PUCCH format 4 will be used to transmit the UCI. [image: ] will be 0. Take Type-2 HARQ-ACK codebook as an example, if UE is configured to receive 3 SPS PDSCHs with HARQ-ACK in slot n (no dynamic scheduled PDSCH or DCI indicating SPS release). When all these SPS PDSCHs are cancelled by dynamic SFI, according to the agreements from last meeting, the HARQ-ACK codebook consists of 3 NACKs. However, when calculating [image: ], since UE does not receive any SPS PDSCH, the number of SPS PDSCH receptions is 0, and all the other variables are 0 in this case, therefore [image: ]should be 0 in this case. 
	TS 38.213
[bookmark: _Ref500250940][bookmark: _Toc36498171][bookmark: _Toc29917297][bookmark: _Toc29899560][bookmark: _Toc29899142][bookmark: _Toc29894843][bookmark: _Toc26719410][bookmark: _Toc20311585][bookmark: _Toc12021473]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the [image: ] serving cells, or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH reception, or for SPS PDSCH release, and if [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 
	
where 
-	if [image: ], [image: ] is the value of the counter DAI in the last DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: ] that the UE detects within the [image: ] PDCCH monitoring occasions. 
-	if [image: ] 
-	if the UE does not detect any DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the [image: ] PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: ], [image: ] is the value of the counter DAI in a last DCI format the UE detects in the last PDCCH monitoring occasion
-	if the UE detects at least one DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the [image: ] PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: ], [image: ] is the value of the total DAI in the at least one DCI format that includes a total DAI field
-	[image: ] if the UE does not detect any DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: ] in any of the [image: ] PDCCH monitoring occasions.
-	[image: ] is the total number of a DCI format scheduling PDSCH reception or indicating SPS PDSCH release that the UE detects within the [image: ] PDCCH monitoring occasions for serving cell [image: ]. [image: ] if the UE does not detect any DCI format scheduling PDSCH reception or indicating SPS PDSCH release for serving cell [image: ] in any of the [image: ] PDCCH monitoring occasions.
-	[image: ] if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell [image: ] and harq-ACK-SpatialBundlingPUCCH is not provided; otherwise, [image: ].
-	[image: ] is the number of transport blocks the UE receives in a PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring occasion [image: ] for serving cell [image: ] if harq-ACK-SpatialBundlingPUCCH is not provided, or the number of PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring occasion [image: ] for serving cell [image: ] if harq-ACK-SpatialBundlingPUCCH is provided, or the number of DCI format that the UE detects and indicate SPS PDSCH release in PDCCH monitoring occasion [image: ] for serving cell [image: ]. 
-	[image: ] is the number of SPS PDSCH receptions by the UE on serving cell [image: ] for which the UE transmits corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to PDSCH receptions within the [image: ] PDCCH monitoring occasions.…



If  [image: ]is 0, the HARQ-ACK codebook contains all NACKs and gNB knowns that the HARQ-ACK codebook contains all NACKs. In such case, if [image: ]=0 and [image: ]=0, [image: ] will be -∞. This should be avoided. In this case, a PUCCH has no SR, no CSI, and all HARQ-ACK bits are known (have NACK values), there is no information in the PUCCH, therefore, UE should not transmit the PUCCH.
Proposal 5: For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11, if UCI only contains all known NACKs for the cancelled SPS PDSCHs in the HARQ-ACK codebook, UE does not transmit the PUCCH.
SPS release timeline
According to 38.321, UE does not expect to receive an SPS PDSCH after the SPS release DCI being received. 
	TS 38. 321  5.3.1
1>	else if a downlink assignment for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the MAC entity's CS-RNTI:
2>	if the NDI in the received HARQ information is 1:
3>	consider the NDI for the corresponding HARQ process not to have been toggled;
3>	indicate the presence of a downlink assignment for this Serving Cell and deliver the associated HARQ information to the HARQ entity.
2>	if the NDI in the received HARQ information is 0:
3>	if PDCCH contents indicate SPS deactivation:
4>	clear the configured downlink assignment for this Serving Cell (if any);
4>	if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ feedback is to be transmitted, is running:
5>	indicate a positive acknowledgement for the SPS deactivation to the physical layer.




Figure 2 gives a typical case in Rel-15. UE does not expect to receive SPS PDSCH 2 in this case.
[image: ]
Figure 2. SPS release in Rel-15
In Rel-16, there are at most 8 SPS PDSCH configurations and the minimum periodicity is reduced to 1 slot. When the SPS release DCI and SPS PDSCH are overlapping or close to each other, the UE’s behaviour is not clear regarding whether the SPS PDSCH 2 should be received. Some examples are given in Figure 3. 
[image: ]
Figure 3. SPS release in Rel-16
When dealing with SPS PDSCH related issues such as HARQ-ACK feedback for SPS PDSCH, SPS PDSCH overlapping handling. The valid PDSCHs which would be received should be identified first. To follow 38.321, UE does not expect to receive an SPS PDSCH starting after the starting symbol of the SPS release DCI of the same SPS PDSCH configuration.
Proposal 6: UE does not expect to receive an SPS PDSCH starting after the starting symbol of the SPS release DCI indicating  the same SPS PDSCH configuration.
For Type-1 HARQ-ACK codebook, for the case where UE can only receive one unicast PDSCH per slot for a serving cell, there is only 1 bit per slot for a serving cell. The release DCI should have higher priority than SPS PDSCH, if UE receives a release DCI, UE should only transmit HARQ-ACK for the release DCI, UE does not need to transmit HARQ-ACK for any SPS PDSCH. During last meeting, although some companies believe there should be a last PDCCH for the release DCI, however, the scheduling flexibility should not be limited too much by the spec. A smart gNB can avoid some ambiguous cases, such as an SPS PDSCH is received at the beginning of a slot, a release DCI for the SPS PDSCH is received at the end of a slot, when UE decodes the release DCI, the HARQ-ACK of SPS PDSCH has been transmitted. In this case, gNB can simply indicates the same slot for HARQ-ACK feedback for both SPS PDSCH and SPS release DCI. There should be no special handling for cross carrier scheduling as well. 
Proposal 7: For a Type-1 HARQ-ACK codebook, if a UE does not indicate the capability to receive more than one unicast PDSCH per slot, for an active BWP of a serving cell, following two alternatives can be considered,
Alt 1: it can be up to gNB’s implementation to ensure HARQ-ACK codebook construction.
[bookmark: _GoBack]Alt 2: when UE receives an SPS release DCI in a slot, UE will transmit HARQ-ACK for the release DCI and does not need to receive any SPS PDSCH in this slot.
Dynamic scheduled PDSCH cancel SPS PDSCH
In Rel-15, the timeline of dynamic scheduled PDSCH canceling SPS PDSCH when the two PDSCHs are overlapping in the time domain is defined.
	TS 38. 214  5.3.1
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.



In the last meeting, we have discussed the case when UE only capable of receiving one unicast PDSCH in Type-1 HARQ-ACK codebook. The maximum number of received unicast PDSCHs is also discussed in multiple SPS overlapping (Option 2, Step 3). In these cases, when the number of received unicast PDSCHs exceeds UE’s capability, supporting dynamic scheduled PDSCH  cancel non-overlapping SPS PDSCH is beneficial for scheduling flexibility and reducing latency. 
For example, UE is capable of receiving one unicast PDSCH per slot. There is an SPS PDSCH in OFDM symbol 12 and 13 in each slot. If there is URLLC traffic arriving at the beginning of a slot, gNB cannot schedule a PDSCH not overlapping with OFDM symbol 12 or 13 with current spec.
Proposal 8: Dynamic scheduled PDSCH can cancel non-overlapping SPS PDSCH when the number of received unicast PDSCHs exceeds UE’s capability
PUCCH resource selection for SPS HARQ-ACK and SR
In Rel-16 a UE can have multiple SPS PDSCH configurations and a corresponding HARQ-ACK information that the UE needs to report can be larger than 2 bits. The current specifications do not capture the case of multiplexing SR with more than 2 HARQ-ACK information bits corresponding to multiple SPS PDSCHs. A reference to section 9.2.1 (multiple SPS PDSCHs) should be included in addition to section 9.2.3 (one SPS PDSCH) as follows.

Proposal 9: Capture multiplexing of SR with HARQ-ACK from multiple SPS PDSCH by adding a reference to clause 9.2.1 as follows. 

	[bookmark: _Ref500749986][bookmark: _Toc12021481][bookmark: _Toc20311593][bookmark: _Toc26719418][bookmark: _Toc29894853][bookmark: _Toc29899152][bookmark: _Toc29899570][bookmark: _Toc29917307]9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
*** Unchanged text is omitted ***

If a UE would transmit a PUCCH with [image: ] HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Clauses 9.2.1 and 9.2.3, [image: ] bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId and schedulingRequestIDForBFR, are appended to the HARQ-ACK information bits and the UE transmits the combined [image: ] UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as described in Clauses 9.2.1 and 9.2.3. If one of the SRs is a positive LRR, the value of the  bits indicates the positive LRR. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs. 
*** Unchanged text is omitted ***



Intra-UE prioritization (including issue of RAN2 LS)
There was a raised issue on whether CG-CG conflict and/or DG-CG conflict are allowed or not in RAN1 specification. In our view, both cases are available in RAN1 specification with following reasons. 
· From the agreement below, PUSCH is generic PUSCH that includes both CG PUSCH and DG PUSCH although some proponents may think that the underlying interpretation may focusing on only DG PUSCH, not CG PUSCH. So, it could not been definitely argued that CG PUSCH is not scope of following agreement. Actually, if the intention of PUSCH meant DG PUSCH, following agreement should had included DG-PUSCH instead of PUSCH. In this sense, agreement should be read without additional assumptions and hidden background. 
	RAN1#98bis Agreements:
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.

RAN1#99 Conclusion
In Rel. 16 URLLC: The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.



· If RAN1 does not support these cases, it loses all achievements/enhancements made by RAN2 during IIoT SID/WID phase (see related to MAC specification). 
· There is no strong reason to prohibit CG PUSCH – CG PUSCH conflict since it allows overlapping multiple PUCCHs carrying HARQ-ACK/SR/SP-CSI/P-CSI in RAN1. Furthermore, one of main motivations of supporting multiple CG configurations is to allow faster starting transmission occasion as well as the same repetition number. In this sense, not allowing CG PUSCH – CG PUSCH resource collision seems to lose the motivation and to be quite restrictive in view of gNB implementation because gNB should avoid CG PUSCH collision when configured/activated. 
· There is no strong reason to prohibit DG PUSCH – CG PUSCH conflict since this behavior exists in RAN2 since Rel-15 NR. In order to cancel low priority DG PUSCH and transmit high priority CG PUSCH, it is necessary to introduce processing timeline. Since there is no PDCCH timing for transmitting CG PUSCH, it is better to use reference timing to determine on whether low priority DG PUSCH could be cancelled or not. The reference timing would be certain symbols (e.g., Tproc,2 + alpha) before start of CG PUSCH. 

Proposal 10: No need to preclude CG-PUSCH vs. CG-PUSCH collision and DG-PUSCH vs. CG-PUSCH collision. 

For LS from RAN2, RAN2 provided two options to RAN1 in order to resolve discrepancy of priority level between RAN1 and RAN2 as follows. 
	1. RAN2 changes MAC specification to accommodate current PHY behaviour. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 
2. RAN1 changes PHY specification to accommodate current MAC behaviour of prioritizing the second MAC PDU provided from MAC. 


In our view, it is strongly preferable to change MAC specification while keeping PHY specification with following reasons. 
· If additional priority level is introduced in RAN1 by considering MAC PDU arrival timing, it needs to redesign entire UCI multiplexing/prioritization behavior at the very late CR phase. That is, it requires huge RAN1 impact, e.g., with starting discussion on what is priority index of latest scheduled PDSCH when those PDSCHs are overlapped and have same priority index? If priority index 0 is indicated, does latest scheduled PDSCH have priority index of 1? If priority index 1 is indicated, does latest scheduled PDSCH have priority index of 2? If we consider priority index of 2, there would be unexpected open issues to resolve it.
· In last Nov. meeting, Reply LS of R1-1913591(Response LS on LCP Restriction for Dynamic Grant) was sent to RAN2 on how RAN1 works on 2-level PHY priority indication of PUSCH. In this sense, RAN2 have already known this issue and we think that RAN2 should resolve this issue without affecting RAN1 impact. 

Proposal 11: It is preferable to conclude first option (change RAN2 specification) to resolve RAN1-RAN2 mismatch issue of RAN2 LS (R1-2003259). 

Conclusions
This contribution discussed about remaining issues for others. Following is the summary of this contribution. 
Proposal 1: Support to remove following text in TS 38.214. 
	If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.



Proposal 2: Support to revise following text in TS 38.214. 
	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 after resolving overlapping for PDSCHs without corresponding PDCCH transmissions except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.


Proposal 3: For Type-1 HARQ-ACK codebook, the set of MA,c occasions for candidate PDSCH receptions should be determined based on the maximum of the values of pdsch-AggregationFactor values, if provided in SPS-Config and/or PDSCH-Config and values of RepNumR16, if provided. The following TP should be adopted.
	TS 38.213
9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell [image: ], an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of [image: ] occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot [image: ]. If serving cell [image: ] is deactivated, the UE uses as the active DL BWP for determining the set of [image: ] occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values [image: ] associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell [image: ], [image: ] is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0
b)	If the UE is configured to monitor PDCCH for DCI format 1_1 for serving cell [image: ], [image: ] is provided by dl-DataToUL-ACK for DCI format 1_1
b)	on a set of row indexes [image: ] of a table that is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP and defining respective sets of slot offsets [image: ], start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]
c)	on the ratio [image: ] between the downlink SCS configuration [image: ] and the uplink SCS configuration [image: ] provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in Clause 11.1 
e)	if CA-slot-offset is provided, on and  for serving cell , or on  and  for the cell of PUCCH transmission, as described in [4, TS 38.211].
f) on , where  is the maximum of values of pdsch-AggregationFactor, if provided in SPS-Config and/or PDSCH-Config, and values of RepNumR16, if provided.
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = JointFeedback
where 
-	a serving cell is placed in a first set  of  serving cells if the serving cell includes a first CORESET, and
-	a serving cell is placed in a second set  of  serving cells if the serving cell includes a second CORESET, and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set   and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of [image: ] HARQ-ACK information bits..
For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
If a UE is not provided CA-slot-offset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to the set of rows
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot [image: ] is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot      to slot [image: ], at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
…



Proposal 4: For Type-2 HARQ-ACK codebook, monitoring occasions for PDCCH on an active DL BWP of a serving cell should be determined by all the values of pdsch-AggregationFactor, when provided in both SPS-Config and PDSCH-Config. The following TP should be adopted.
	TS 38.213
9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell [image: ], as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot [image: ] based on
-	PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot [image: ] in response to PDSCH receptions or SPS PDSCH release
-	slot offsets [image: ] [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling PDSCH receptions or SPS PDSCH release and by values of pdsch-AggregationFactor, when provided in SPS-Config and PDSCH-Config. 
…



Proposal 5: For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits smaller than or equal to 11, if UCI only contains all known NACKs for the cancelled SPS PDSCHs in the HARQ-ACK codebook, UE does not transmit the PUCCH.
Proposal 6: UE does not expect to receive an SPS PDSCH starting after the starting symbol of the SPS release DCI indicating  the same SPS PDSCH configuration.
Proposal 7: For a Type-1 HARQ-ACK codebook, if a UE does not indicate the capability to receive more than one unicast PDSCH per slot, for an active BWP of a serving cell, following two alternatives can be considered,
Alt 1: it can be up to gNB’s implementation to ensure HARQ-ACK codebook construction.
Alt 2: when UE receives an SPS release DCI in a slot, UE will transmit HARQ-ACK for the release DCI and does not need to receive any SPS PDSCH in this slot.
Proposal 8: Dynamic scheduled PDSCH can cancel non-overlapping SPS PDSCH when the number of received unicast PDSCHs exceeds UE’s capability
Proposal 9: Capture multiplexing of SR with HARQ-ACK from multiple SPS PDSCH by adding a reference to clause 9.2.1 as follows. 

	9.2.5.1	UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
*** Unchanged text is omitted ***

If a UE would transmit a PUCCH with [image: ] HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Clauses 9.2.1 and 9.2.3, [image: ] bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId and schedulingRequestIDForBFR, are appended to the HARQ-ACK information bits and the UE transmits the combined [image: ] UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as described in Clauses 9.2.1 and 9.2.3. If one of the SRs is a positive LRR, the value of the  bits indicates the positive LRR. An all-zero value for the [image: ] bits represents a negative SR value across all [image: ] SRs. 
*** Unchanged text is omitted ***



Proposal 10: No need to preclude CG-PUSCH vs. CG-PUSCH collision and DG-PUSCH vs. CG-PUSCH collision. 
Proposal 11: It is preferable to conclude first option (change RAN2 specification) to resolve RAN1-RAN2 mismatch issue of RAN2 LS (R1-2003259). 
Appendix
3 
4 
Agreements of RAN1#100bis-e
	Agreements:
· In case dynamic scheduled PDSCH and multiple SPS PDSCHs are overlapped in time domain,
· At first, the UE resolves overlapped multiple SPS PDSCHs (first step) and then resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).

Agreements:
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH after excluding SPS PDSCHs overlapping semi-static UL symbols,
· 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 survivor SPS PDSCH in step 1 and any other SPS PDSCH(s) overlapping (even partially) with the survivor SPS PDSCH in step 1 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

Agreements: 
· Note: this supersedes the agreed TP to Sec. 5.1 in TS 38.214 from Email discussion [100b-e-NR-L1enh-URLLC-IIoTenh-03]
· Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, partially or fully overlapping in time, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex. after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒         Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒         Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒        Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒        Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast PDSCHs in a slot supported by the UE
 <Unchanged text is omitted>



Agreements:
· Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text 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 after resolving overlapping for PDSCHs without corresponding PDCCH transmissions 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.
<Unchanged text is omitted>



Agreements:
If dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs, the reference SPS PDSCH for the 14 symbols is an SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped with dynamic scheduled PDSCH after resolving overlapping for SPS PDSCHs. 

Agreements:
· Latest proposals 2-2-1a/2-2-3a/2-2-4 are agreement (see summary R1-2003001)

Conclusion:
· For type-1 codebook, Rel-15 behavior is not to include a HARQ-ACK bit for the SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI if only one HARQ-ACK bit for the SPS PDSCH is to be transmitted on a PUCCH.
· For type-2 codebook, Rel-15 behavior is to include a HARQ-ACK bit for SPS PDSCH if the SPS PDSCH is cancelled by dynamic SFI/DCI.

Agreements:
Update previous agreements by:
HARQ-ACK feedback for a SPS PDSCH is included in the HARQ-ACK codebook when the SPS PDSCH is cancelled by DCI/dynamic SFI in which case NACK is generated for the SPS PDSCH.
Ÿ   For type-1 codebook, the main bullet is not applied if only a single HARQ-ACK bit, for an SPS PDSCH, is mapped on a PUCCH; otherwise, the main bullet is applied.
Ÿ   For type-2 codebook, the main bullet is applied.

Agreements:
Adopt the following text proposal for section 9.1.2 in TS 38.213:
	while nD<NcDL
if UE is configured to receive a SPS PDSCH in slotnD for SPS PDSCH configurations on serving cellc, and the SPS PDSCH is required to be received among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214]
and if HARQ-ACK for the SPS PDSCH is associated with the PUCCH
ojACK = HARQ-ACK information bit for this SPS PDSCH reception
j=j+1;
end if
nD=nD+1;
end while



Conclusion
It is RAN1’s understanding, that the parameters of PDSCH transmissions without corresponding PDCCH transmissions follow the parameters of a PDSCH scheduled by the DCI format used to activate the PDSCH transmissions without corresponding PDCCH transmissions.

Agreements:
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, when a UE is configured with pdsch-AggregationFactor, SPS PDSCH overlapping handling is performed per slot.
· FFS: Type-1 and Type-2 HARQ-ACK codebook construction when UE is configured with (multiple) pdsch-AggregationFactor

Agreements:
Adopt the following text proposal for section 5.1.3.1 in TS 38.214:
Agreements:
· Adopt the following text proposal for section 5.1 in TS 38.214:
	<Unchanged text is omitted>
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are partially or fully overlapping in time in a slot, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex in the slot. 






MAC specification (TS 38.321)
	When the MAC entity is configured, with lch-basedPrioritization, for each uplink grant which is not already a de-prioritized uplink grant, the MAC entity shall:
1>  if this uplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:
2>  if there is no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized, in the same BWP whose priority is higher than the priority of the uplink grant; and
2>  if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>  consider this uplink grant as a prioritized uplink grant;
3>  consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s).
1>  else if this uplink grant is a configured uplink grant:
2>  if there is no overlapping PUSCH duration of another configured uplink grant which was not already de-prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and
2>  if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the same BWP, whose priority is higher than or equal to the priority of the uplink grant; and
2>  if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>  consider this uplink grant as a prioritized uplink grant;
3>  consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s).
[bookmark: _Hlk34410642]NOTE 6:  If there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is determined by UE implementation.
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