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1	Introduction
In this contribution, we summarize our input to the maintenance discussions on SPS enhancements of Rel-16 URLLC & IIoT enhancements. Section 2 discusses identified issues already discussing in the RAN1#100-e email discussions [1-3], whereas Section 3 focuses on issues not discussed in e-meeting yet (at least not after prioritization). 	
2	Remaining issues from RAN1#100-e email discussions
2.1 SPS PDSCH Release for UEs with single PDSCH decoding per slot capability (38.213, Sec. 9.1.2.1 – Issue #3 / email#2)
The Type-1 HARQ-ACK codebook construction pseudocode in Sec. 9.1.2.1 of TS 38.213 specifies the following: 
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;

For such UE capability, it is thus not possible to release a SPS configuration when a Rel-16 UE with enhanced SPS support is configured to receive SPS PDSCH on every slot and Type-1 HARQ-ACK codebook is configured. It is worth to mention that the combination of i) a UE not capable to receive more than one unicast PDSCH per slot, and ii) one or multiple SPS PDSCHs configured to be received in a slot is clearly a relevant scenario as it was prioritized in RAN1#100-e and led to the following agreement [1]:
Agreement:
For a UE not indicating a capability to receive more than one unicast PDSCH per slot, in a slot with more than one SPS PDSCHs each without a corresponding PDCCH and no dynamic scheduled PDSCH and/or for SPS PDSCH release, a UE is not required to receive SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among SPS PDSCHs in a slot (regardless of whether SPS PDSCHs are overlapped or not).
· The UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among SPS PDSCHs in the slot.

In our understanding, the highlighted limitation is due to the pruning mechanism in the Type-1 codebook construction for such UE capability, where only one HARQ-ACK bit is generated per slot, whereas there is no actual limitation for the UE to decode a PDSCH and a DCI (including SPS release DCI) in the same slot. To solve this issue, the following alternatives were discussed in email thread #2 and captured in [2]:
· Option 1: The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same slot timing value k1.
· Option 2: The UE does not expect to be configured with 1 slot SPS periodicity and type-1 HARQ-ACK codebook simultaneously.
· Option 3: Up to gNB implementation (no spec change)
Option 1 received support from the majority of the companies; however, no agreements were reached as some companies indicated that this can be done based on gNB implementation by ensuring that the SPS release DCI is scheduled earlier (within the slot) than the corresponding SPS PDSCH. This is possible according to MAC specifications [TS 38.321, Sec. 5.3.1]: “if PDCCH contents indicate SPS deactivation, clear the configured downlink assignment for this Serving Cell (if any);”. In our view this has multiple drawbacks and thus it is not acceptable:
1. Depending on the configuration, the SPS PDSCH may be placed earlier than any of the CORESETs within the slot. We agree that this can be avoided by implementation, at the cost of reducing the SPS scheduling flexibility.
2. For cases where there is SPS PDSCH in every slot due to multiple configurations (e.g. 2 SPS configurations with 2-slot periodicity occurring in an interlaced manner), the SPS release DCI can only be transmitted on the slot where the SPS PDSCH of the addressed configuration is expected.
3. Finally, and most importantly, some specification changes are required. In our view, it is not sufficient to simply remove the constraint “The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot”, but the specifications should also capture the conditions to be fulfilled to prevent overlapping HARQ-ACK (i.e. point 1. and 2. and potentially more).
Given the required specification change and unnecessary restrictions regarding the placement of the SPS PDSCH and SPS release DCI, we propose once again to allow a PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs (e.g. by indicating different k1 timing values). This is illustrated in Figure 1 for the case of UL & DL having the same SCS, where a UE receives in slot 1 a SPS PDSCH and a SPS Release DCI with associated k1=1 slot and k1=2 slots, respectively. UE reports HARQ-ACK feedback for the SPS PDSCH in slot 2 (single-bit report due to SPS reception only) and reports HARQ-ACK feedback for the SPS Release in slot 3 (single-bit feedback in the provided example, although it may also be multiplexed with other HARQ-ACK feedback bits in a Type-1 HARQ-ACK codebook).
[image: ]
[bookmark: _Ref36463828][bookmark: _Ref36463824]Figure 1: Example HARQ-ACK feedback timing to allow SPS PDSCH and SPS release on same slot for UEs with single PDSCH decoding per slot capability
To ensure Rel-15 compatibility, the proposal of allowing SPS PDSCH and SPS release on same slot if these are associated with different PUCCH is conditioned on the UE support for Rel-16 extended SPS periodicities or multiple SPS configurations. 
Proposal 1: For UEs capable of only receiving a single unicast PDSCH per slot, support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs. 
Adopt the following related text proposal/correction to Section 9.1.2 of TS 38.213 with changes are marked in red:

	TP to TS 38.213, Sec. 9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged text is omitted>
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
If the UE indicates the capability of [extendedSPS-Periodicities or multipleSPSconfig], the UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH; otherwise tThe UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
<Unchanged text is omitted>



2.2 Collision handling of multiple overlapping SPS PDSCH (Issue #1, email#1)
Although RAN1#99 agreed that a UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs, it is unclear how exactly to determine overlapping SPS PDSCHs among a group of SPS PDSCHs. Two options were discussed during RAN1#100-e as captured in the following FL’s proposal [1]:
Proposal 1-1: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
· Option 1: A UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs. 
· Option 2: A UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs according to the following procedure. 
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs. 
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCHs including at least one symbol of the PDSCHs are excluded from the group. 
· Step 3: Repeat step 1 and 2 until the group is empty.

Option 2 is better than Option 1 in the sense that it avoids unnecessary SPS PDSCH dropping. From complexity point of view, we don’t think that Option 2 entails significantly larger complexity than Option 1 as the presence (and corresponding TDRA position) of SPS PDSCHs is known well in advance and thus the collision can be resolved well ahead in time. The collision-resolution may need to be re-conducted the set of active SPS configurations changes; however, this in principle should not occur very often. One can argue that collision of three or more SPS PDSCHs can be avoided to a large extent by implementation; however, we don’t think this is enough justification for not supporting the best-possible solution in first place.
Proposal 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

2.3 Collision handling of multiple SPS PDSCH and DG PDSCH (Issue #3, email#1)
Since Rel-15, a dynamically scheduled PDSCH overrides a SPS PDSCH if these two are overlapped by at least 1 OFDM symbol in time domain and the timeline of the DCI scheduling the dynamic PDSCH is satisfied. However, in case the dynamic PDSCH overlaps with multiple SPS configurations, the UE behavior for resolving the overlapping is unclear, and the following alternatives were discussed in RAN1#100-e: 
· Option 1: 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).
· Option 2: Under the assumption that dynamic scheduled PDSCH is considered as the lowest SPS PDSCH index, UE resolves overlapping between dynamic scheduled PDSCH and multiple SPS PDSCHs at the same time.
This issue is related to what is agreed for the handling of multiple overlapping SPS PDSCHs in section 2.2. If Option 2 in Section 2.1 is adopted (as proposed), Option 2 here would result in equal or lower number of unnecessarily dropped SPS PDSCHs compared to Option 1. However, this may be problematic from UE processing timeline point of view. For instance, with respect to Figure 2 below, UE would only decode SPS PDSCH #1 if there is no dynamic PDSCH, whereas it would instead decode SPS PDSCH #2 (and the dynamic PDSCH) if the illustrated dynamic PDSCH is present. Moreover, from HARQ-ACK feedback point of view, UE feedback may be ambiguous if the gNB has no certainty that the UE successfully detected the DCI scheduling the dynamic PDSCH. For instance, in Figure 2 the gNB only knows which SPS PDSCH has been mapped to PUCCH1 after successful decoding of PUCCH2 (note that RAN1 has agreed that, in case of collisions among SPS PDSCHs, UE only generates feedback for the received SPS PDSCH). 
[image: ]
[bookmark: _Ref36463745]Figure 2: Potential timeline issue and HARQ-Ack mapping uncertainty for Option 2
With these arguments in mind, we prefer Option 1 as it is much simpler from UE processing timeline and HARQ-ACK feedback point of view. This has also been proposed by the Feature Lead in [1].
Proposal 3: 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 in a second step resolves overlapping between dynamic scheduled PDSCH and one or more remaining non-overlapping SPS PDSCHs from the first step.

2.4 Whether or not to include HARQ-ACK bit in case of SPS PDSCH cancellation due to UL-DL conflict or dynamic grant (Issue #2, email#2)
During SPS email discussion #2 in RAN1#100-e [2], it was suggested to discuss in RAN1#100bis-e whether HARQ-ACK feedback of SPS PDSCH should be included in the codebook in case of cancellation due to UL-DL conflict or dynamic grant. One of the main motivations, according to [4], is to avoid potential HARQ-ACK misalignments in case the UE misses one or multiple DCIs scheduling dynamic PDSCH or providing Slot Format Indicator (SFI) information.
Before discussing in detail whether this brings benefits or not, we believe that it is necessary to clarify the corresponding Rel-15 behavior.
· For Rel-15 Type-1 Codebook (when SPS PDSCH is multiplexed with dynamic PDSCH or SPS release), HARQ-ACK bits are positioned in the codebook based on their SLIV position and there is no differentiation between SPS PDSCH (without associated DCI) and dynamic PDSCH. For SPS PDSCH overlapping with dynamic PDSCH, HARQ-ACK feedback of SPS may or may not be included depending on the selected SLIV and their mapping to a bit position in the Type-1 codebook. Whereas for SPS PDSCH cancellation due to UL/flexible symbols, the SPS HARQ-ACK feedback (which would be a ‘NACK’) should generally be present in the codebook.

· For Type-2 Codebook (when SPS PDSCH is multiplexed with dynamic PDSCH or SPS release), it is clear that a SPS HARQ-ACK feedback bit is placed in the codebook if the UE is configured to receive a SPS PDSCH that points to the UL slot. In other words, SPS HARQ-ACK feedback is included in case of cancellation due to UL-DL conflict or dynamic grant. 
	TS 38.213, V15.8.0
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
<unnecessary part is omitted>

while 




if SPS PDSCH reception is activated for a UE and the UE is configured to receive SPS PDSCH in a slot  for serving cell , where  is the PDSCH-to-HARQ-feedback timing value for SPS PDSCH on serving cell 



= HARQ-ACK information bit associated with the SPS PDSCH reception
end if

;
end while
< unnecessary part is omitted >



· Finally, for SPS HARQ-ACK feedback only (without associated DL assignment), our understanding is that SPS HARQ-ACK feedback is not reported in case of cancellation due to UL-DL conflict or dynamic grant.
	TS 38.213, V15.8.0
[bookmark: _Toc12021467][bookmark: _Toc20311579][bookmark: _Toc26719404]9.1	HARQ-ACK codebook determination
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit.
<unnecessary part is omitted>
[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406]9.1.2	Type-1 HARQ-ACK codebook determination
<unnecessary part is omitted>
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1 on the PCell, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH reception


within the  occasions for candidate PDSCH receptions as determined in Subclause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH reception according to corresponding  occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1; otherwise, the procedures in Subclause 9.1.2.1 and Subclause 9.1.2.2 for a HARQ-ACK codebook determination apply.
< unnecessary part is omitted >



Observation 1:  In case a SPS PDSCH reception is cancelled due to overlapping dynamic PDSCH or due to a DCI/SFI indicating UL/flexible symbols, Rel-15 behavior is the following: 
· HARQ-ACK feedback of the cancelled SPS PDSCH is included in a Type-1 Codebook unless an overlapping dynamic PDSCH is mapped to the same bit position in the Codebook depending on the corresponding SLIVs. 
· HARQ-ACK feedback of the cancelled SPS PDSCH is included in a Type-2 Codebook.
· HARQ-ACK feedback of the cancelled SPS PDSCH is not reported in a codebook containing HARQ-ACK bits for SPS PDSCH reception only (without associated DL assignment).
For Rel-16, the main question here is whether we should keep similar behavior as for Rel-15, or whether some enhancements/modifications shall be applied (while still keeping Rel-15 compatibility). Type-1 HARQ-ACK codebook has the property that the codebook size is fixed based on higher-layer configuration thus the problem highlighted in [4] of codebook size misalignments between gNB and UE should not exist. For Type-2 Codebook, we see it natural to keep Rel-15 behavior of including HARQ-ACK feedback of the cancelled SPS PDSCH; otherwise, some misalignments or ambiguity regarding codebook-size may occur. 
The case of HARQ-ACK feedback for SPS PDSCH reception-only is more controversial. While HARQ-ACK feedback bits of cancelled SPS PDSCHs are not included in the Rel-15 HARQ-ACK codebook, codebook size ambiguity is not really a problem in Rel-15 since at most one SPS PDSCH HARQ-ACK bit is included in a PUCCH (i.e. the codebook is either transmitted with a fixed size of 1 bit, or not transmitted at all). With the introduction of multiple SPS configurations in Rel-16, it may be beneficial to report feedback of cancelled SPS PDSCHs. For instance, in Figure 3, the PUCCH payload in Slot 2 would equal two bits regardless of the UE detection of the DCI scheduling the dynamic PDSCH, whereas it would vary between 1 and 2 bits if Rel-15 behavior is kept which may cause some misalignments between gNB and UE. Such misalignment/ambiguities are especially critical when crossing the maxPayloadSize-defined thresholds for determining the PUCCH resource that is used to report HARQ-ACK (e.g. gNB expects 2 bits of feedback in a PUCCH resource #1, but UE reports 3 bits of feedback using a different PUCCH resource and format).
[image: ]
[bookmark: _Ref36556584]Figure 3: HARQ-ACK feedback reporting for SPS PDSCH and overlapping dynamic PDSCH.
With this in mind, we support to report feedback of cancelled SPS PDSCHs for cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported. This is already possible with current Rel-16 specs (included below) due to the modification agreed in RAN1#100-e, which changed the yellow part from “UE receives” to “UE is configured to receive”. The only remaining issue is whether the Rel-15 behavior is still there for a single SPS PDSCH reception. Here, we see the need to propose a small modification to the blue part to clarify that the pseudo-code is only applicable for the case of more than one SPS PDSCH reception.
	[bookmark: _Hlk36728408]TS 38.213, V16.1.0
 9.1.2  Type-1 HARQ-ACK codebook determination
<unnecessary part is omitted>
If a UE reports HARQ-ACK information in a PUCCH only for 
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH receptions
within the [image: ] occasions for candidate PDSCH receptions as determined in Clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH receptions according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to SPS PDSCH receptions are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<unnecessary part is omitted>
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 receive a SPS PDSCH in slot  for SPS PDSCH configuration  on serving cell , 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]
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
<omitted text>


 
Observation 2: Current Rel-16 specifications already allow to report feedback of cancelled SPS PDSCHs for cases where only HARQ-ACK feedback for SPS PDSCH (without associated DL assignment) shall be reported. However, the compatibility with Rel-15 behavior for single SPS PDSCH reception is unclear.

Proposal 4: Confirm the current Rel-16 behavior according to TS 38.213 that for HARQ-ACK feedback in response to SPS PDSCH reception only (without associated DL assignment) and if there are more than one SPS PDSCH reception configured, the UE generates HARQ-ACK information for SPS PDSCH that is canceled due to UL-DL conflict or dynamic grant overwriting.
Adopt the following text proposal to ensure that Rel-15 behavior for single PDSCH reception is not changed. Changes are marked in red. 
	TP to TS 38.213, Sec. 9.1.2 Type-1 HARQ-ACK codebook determination
 9.1.2  Type-1 HARQ-ACK codebook determination
<unnecessary part is omitted>
within the [image: ] occasions for candidate PDSCH receptions as determined in Clause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH receptions according to corresponding [image: ] occasion(s) on respective serving cell(s), where the value of counter DAI in DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise, the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.
<unnecessary part is omitted>


3	Identified issues not discussed (by email) yet 
3.1 Overwriting of SPS PDSCH with dynamic grant
Current specifications allow the use of a dynamic grant to override a SPS PDSCH occasion. This is particularly useful in the case of colliding SPS occasions, where the dynamic granted resources could indicate resources equivalent to the sum of the resources occupied by the SPS occasions. However, one limitation, coming from Rel-15 is that “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”. We believe that for Rel-16, the requirement of 14 symbols is too restrictive to allow a dynamic PDSCH to be scheduled on overlapping SPS PDSCH allocations, considering that this is for the support of URLLC. Given that there should not be any preparation needed for decoding SPS, as long as the UE decodes the DCI before SPS starts, there should not be any interruption required in UE processing. In this sense, the required number of symbols only needs to consider the DCI decoding time, and it should be much smaller than PDSCH processing time Tproc,1. Given that PDSCH processing time consists of PDCCH decoding time and PDSCH decoding time, and PDSCH decoding typically takes longer than PDCCH decoding, we therefore propose to reduce the time between the PDCCH scheduling the dynamic grant and the SPS PDSCH to Tproc,1/2, where Tproc,1 is  the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. To ensure Rel-15 compatibility, this is only applicable if the UE indicates support for this new capability which we denote as [fast_SPS_PDSCH_overwriting] in the text proposal below.
Proposal 5: For Rel-16, reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH to Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. Adopt the following text proposal/correction to Section 5.1 of TS 38.214 with changes marked in red:

	[bookmark: _Hlk32344565]TP to TS 38.214, Sec. 5.1 to reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267]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 except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least T14 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. The value of T equals Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability according to Subclause 5.3 assuming d1,1=0 if the UE indicates [fast_SPS_PDSCH_overwriting] capability, otherwise T=14 symbols.
<Unchanged text is omitted>



3.2 Applicable parameters for SPS PDSCH due to separate RRC parameters for DCI format 1_2 (38.214 - Sec. 5.1)
With the introduction of the new DCI format 1_2, RAN1 agreed several parameters that can be separately configured for DCI format 1_2. Therefore, there is a need to clarify which parameters should be used for the SPS PDSCH when being activated with DCI format 1_0 & 1_1 and which parameters should be used when being activated using DCI format 1_2. 
Clearly, as the field sizes are different, the RRC parameters applicable to the specific DCI field are to be used due to the different DCI field sizes (e.g. TDRA, FDRA, PDSCH-to-HARQ_feedback timing indicator just to name a few). This is currently not captured in 38.214 at all, and clearly needs to be clarified. 
Proposal 6: Clarify the applicable PDSCH parameters for SPS PDSCH when being activated by different DCI formats in Sec. 5.1 of TS 38.214 by adopting the following TP with changes in red:
	TP to TS 38.214, Sec. 5.1 to correct clarify SPS PDSCH parameters when activated using different DCI formats
5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI, the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration for those PDSCHs. If not specified otherwise, the parameters of such 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. 
<Unchanged text is omitted>


3.3 SPS release validation when configured with ‘dynamicSwitch’ for FDRA (38.213, Sec. 10.2)
In current specifications, the Frequency domain resource assignment (FDRA) field in DCI is used as a special field for the validation of SPS release: all 0’s for FDRA Type 0 and all 1’s for FDRA Type 1 – but the operation when configured with ‘dynamicSwitch’ is not clarified. With the allowance of SPS release with any DCI format in Rel-16, one company brought the issue of what should the value of the FDRA bit field for the SPS release validation when UE is configured with ‘dynamicSwitch’ [5].
In current specifications, when ‘dynamicSwitch’ is configured, an additional bit is added to the FDRA field in DCI Format 1_1 / 1_2, where the most significant bit is used to indicate the resource allocation type. A bit value of 0 indicates resource allocation type 0 and 1 indicates resource allocation type 1. With ‘dynamicSwitch’, in order to not jeopardize the reliability of the release procedure, we propose to only restrict this to a single FDRA state namely all ‘0’s’. Compared to allowing all 0’s and all 1’s (as discussed by some companies) having only a single release state reduces the false-positive probability by 50%. Moreover, using all 0’s compared instead of all 1’s has the advantage, that all 0’s does not correspond to a valid resource allocation for Type 0 resource allocation. 
Proposal 7: Clarify the applicable FDRA validation for SPS release for ‘dynamicSwitch’ in Sec. 10.2 of TS 38.213 by adopting the following TP with changes in red:
	TP to TS 38.213, Sec. 10.2 to clarify the format of the FDRA bit field for SPS release validation when UE is configured with ‘dynamicSwitch’
[bookmark: _Toc12021487][bookmark: _Toc20311599][bookmark: _Toc26719424][bookmark: _Toc29894859][bookmark: _Toc29899158][bookmark: _Toc29899576][bookmark: _Toc29917313]10.2	PDCCH validation for DL SPS and UL grant Type 2
<Unchanged text is omitted>
Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_2
	DCI format 1_1

	HARQ process number
	set to all '0's/0_2
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's
	For the enabled transport block: set to all '0's



Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '0's for FDRA Type 0 or for FDRA Type 2 with ,
set to all '1's for FDRA Type 1 or for FDRA Type 2 with 
	set to all '0's for FDRA Type 0 or for ‘dynamicSwitch’ 
set to all '1's for FDRA Type 1



Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations 
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_2
	DCI format 1_1

	Redundancy version
	set to all '0's
	set to all '0's
	For the enabled transport block: set to all '0's



Table 10.2-4: Special fields for multiple DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '0's for FDRA Type 0 or for FDRA Type 2 with ,
set to all '1's for FDRA Type 1 or for FDRA Type 2 with 
	set to all '0's for FDRA Type 0 or for ‘dynamicSwitch’
set to all '1's for FDRA Type 1



<Unchanged text is omitted>



3.4 HARQ-ACK for SPS release by non-fallback DCI with CBG configuration

If CBG is configured, it is unclear how to generate HARQ-ACK feedback for SPS Release by non-fallback DCI. Two options were presented in [6], namely: 1) UE still generates HARQ-ACK information only for the SPS PDSCH release (TB-level), or 2) the UE should repeat  times the HARQ-ACK information for the SPS PDSCH release (CBG-level). Option 2 would unnecessarily increase the HARQ-ACK codebook size and thus we prefer Option 1.
Proposal 8: If the SPS PDSCH release is indicated by non-fallback DCI and CBG operation is configured, the UE still generates 1 bit of HARQ-ACK information for the SPS PDSCH release (TB-level).
3.5 Potential incorrect mapping of SPS PDSCH HARQ-ACK to PUCCH resource
In [4], CATT raised an issue related to potential incorrect mapping of SPS HARQ-ACK bits to a PUCCH resource. According to the pseudo-code for SPS HARQ-ACK generation (TS 38.213, Section 9.1.2) presented below, UE will report HARQ-ACK feedback for any SPS PDSCH received on the DL slots which have SPS HARQ-ACK information pointing to the PUCCH (highlighted in blue). With respect to Figure 4, this means that UE would include in the ‘target PUCCH’ three bits of HARQ-ACK feedback: i) one bit of SPS config. 1 received in slot n, ii) one bit of SPS config. 2 received in slot n+1, and iii) one bit of SPS config. 1 received in slot n+1; where the latter seems incorrect as it doesn’t point to target PUCCH. 
	<TS 38.213 v16.1.0>
 9.1.2  Type-1 HARQ-ACK codebook determination
<omitted text>
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format 1_0 or DCI format 1_1. 
<omitted text>
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 receive a SPS PDSCH in slot  for SPS PDSCH configuration  on serving cell , 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]
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while






[bookmark: _Ref36651764]Figure 4: Potential incorrect mapping of SPS HARQ-ACK to PUCCH resource [4]
Although the correct behavior is well described earlier in the section (highlighted in yellow above), we agree with CATT’s clarification and thus propose the following: 
Proposal 9: Adopt the following text proposal to clarify that HARQ-ACK codebook for SPS PDSCH should only include HARQ-ACK feedback of SPS PDSCH associated with the PUCCH. Changes are marked in red.
	TP to TS 38.213, Sec. 9.1.2 to clarify that HARQ-ACK codebook for SPS PDSCH should only include HARQ-ACK feedback of SPS PDSCH associated with the PUCCH
 9.1.2  Type-1 HARQ-ACK codebook determination
<Unchanged text 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 receive a SPS PDSCH in slot  for SPS PDSCH configuration s on serving cell c, 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
· HARQ-ACK for the SPS PDSCH is associated with the PUCCH
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
<Unchanged text is omitted>



3.6 Unnecessary restriction of at most 1 bit of HARQ-ACK feedback on a PUCCH for single SPS PDSCH configuration.
Section 9.1 “HARQ-ACK codebook construction” in TS 38.213 specifies the following: 
	[bookmark: _Hlk36751775]A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group. 


Similar restriction is also present in Rel-15 specifications. However, we don’t understand the rationale behind the restriction since Rel-15 SPS operation allows only minimum periodicity of 10ms and a single SPS PDSCH configuration in a cell group, and thus that there is never need to report more than one bit of feedback in one PUCCH. 
With the introduction of SPS periodicities down to one radio slot in Rel-16, even with a single active SPS configuration on only one serving cell, there is a need to report more than one bit of SPS HARQ-ACK feedback in a same PUCCH if the SCS in DL is higher than in UL. We therefore propose to remove the above restriction from Rel-16 specifications. As discussed above, this does not impact Rel-15 behavior since there is no possible Rel-15-compliant configuration that would lead to the violation of the restriction. 
Proposal 10: To allow multiple bits of HARQ-ACK feedback in a same PUCCH for a single SPS PDSCH configuration when SCS in DL is larger than the SCS in UL, remove the unnecessary restriction “A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group” from TS 38.213. 
Adopt the related TP to Sec. 9.1 of TS 38.213 with changes are marked in red.
	[bookmark: _Toc36498165][bookmark: _Toc29917291][bookmark: _Toc29899554][bookmark: _Toc29899136][bookmark: _Toc29894837]TP to TS 38.213, Sec. 9.1 to remove unnecessary restriction of at most 1 bit of HARQ-ACK feedback on a PUCCH for single SPS PDSCH configuration
9.1	HARQ-ACK codebook determination
<Unchanged text is omitted>
A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group. 
<Unchanged text is omitted>



4	Conclusions
In this contribution, we discuss the identified clarifications and additions on SPS enhancements with respect to the Rel-16 URLLC & IIoT WIs. 
These are summarized in the following proposals on remaining issues of the RAN1#100-e email discussions:
· Proposal 1: For UEs capable of only receiving a single unicast PDSCH per slot, support PDSCH and SPS release in the same slot if their corresponding HARQ-ACK feedback are reported in different PUCCHs. 
Adopt the related text proposal/correction to Section 9.1.2 of TS 38.213 as described in Sec. 2.1. 

· Proposal 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

· Proposal 3: 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 in a second step resolves overlapping between dynamic scheduled PDSCH and one or more remaining non-overlapping SPS PDSCHs from the first step.

· Observation 1:  In case a SPS PDSCH reception is cancelled due to overlapping dynamic PDSCH or due to a DCI/SFI indicating UL/flexible symbols, Rel-15 behavior is the following: 
· HARQ-ACK feedback of the cancelled SPS PDSCH is included in a Type-1 Codebook unless an overlapping dynamic PDSCH is mapped to the same bit position in the Codebook depending on the corresponding SLIVs. 
· HARQ-ACK feedback of the cancelled SPS PDSCH is included in a Type-2 Codebook.
· HARQ-ACK feedback of the cancelled SPS PDSCH is not reported in a codebook containing HARQ-ACK bits for SPS PDSCH reception only (without associated DL assignment).

· Observation 2: Current Rel-16 specifications already allow to report feedback of cancelled SPS PDSCHs for cases where only HARQ-ACK feedback for SPS PDSCH (without associated DL assignment) shall be reported. However, the compatibility with Rel-15 behavior for single SPS PDSCH reception is unclear.

· Proposal 4: Confirm the current Rel-16 behavior according to TS 38.213 that for HARQ-ACK feedback in response to SPS PDSCH reception only (without associated DL assignment) and if there are more than one SPS PDSCH reception configured, the UE generates HARQ-ACK information for SPS PDSCH that is canceled due to UL-DL conflict or dynamic grant overwriting. 
Adopt the text proposal of Sec. 2.4 to TS 38213, Sec. 9.1.2 to ensure that Rel-15 behavior for single PDSCH reception is not changed. 


The discussion on issues not yet discussed by email can summarized in the following proposals:

· Proposal 5: For Rel-16, reduce the time between the end of a PDCCH scheduling a dynamic grant and an overlapping SPS PDSCH to Tproc,1/2, where Tproc,1 is the PDSCH processing time of the corresponding capability (38.214, Sec. 5.3) assuming d1,1=0. Adopt the text proposal/correction to Section 5.1 of TS 38.214 according to Sec. 3.1.

· Proposal 6: Clarify the applicable PDSCH parameters for SPS PDSCH when being activated by different DCI formats in Sec. 5.1 of TS 38.214 by adopting the TP of Sec. 3.2.

· Proposal 7: Clarify the applicable FDRA validation for SPS release for ‘dynamicSwitch’ in Sec. 10.2 of TS 38.213 by adopting the TP of Sec. 3.3.

· Proposal 8: If the SPS PDSCH release is indicated by non-fallback DCI and CBG operation is configured, the UE still generates 1 bit of HARQ-ACK information for the SPS PDSCH release (TB-level).

· Proposal 9: Adopt the text proposal in Sec. 3.5 to TS 38.213, Sec. 9.2.1 to clarify that HARQ-ACK codebook for SPS PDSCH should only include HARQ-ACK feedback of SPS PDSCH associated with the PUCCH. 

· Proposal 10: To allow multiple bits of HARQ-ACK feedback in a same PUCCH for a single SPS PDSCH configuration when SCS in DL is larger than the SCS in UL, remove the unnecessary restriction “A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group” from TS 38.213, as shown in the related TP to Sec. 9.1 of TS 38.213 in Sec. 3.6.
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