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1	Introduction
This contribution addresses the Rel-16 NR IIoT/URLLC maintenance issue of DL SPS enhancement and other remaining issues. Proposals of open issues from the previous RAN1 meeting are copied in the Appendix for reference.

[bookmark: _Ref178064866]2	Discussion
2.1	SPS PDSCH Collisions
In the previous meeting, there has been a discussion on how to resolve collisions among overlapping SPS PDSCHs. In our view the approach with decoding only lowest DL SPS indexed PDSCH is not an optimal and can’t utilize the full decoding capability of a UE which can decode more than one PDSCH. This can be done through a stepwise procedure described as Option 2 in the previous agreement.
	· 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



Note that this procedure ensures decoding for all SPS PDSCH that do not overlap with a SPS PDSCH with lower index which is not dropped. 
[bookmark: _Hlk37155198][bookmark: _Toc37462232]Support Option 2 for determining which PDSCHs to decode among overlapped SPS PDSCHs.

[bookmark: _Toc32329087][bookmark: _Toc32398585][bookmark: _Toc32398598][bookmark: _Toc32398630][bookmark: _Toc32329088][bookmark: _Toc32398586][bookmark: _Toc32398599][bookmark: _Toc32398631][bookmark: _Toc32329089][bookmark: _Toc32398587][bookmark: _Toc32398600][bookmark: _Toc32398632][bookmark: _Toc32329090][bookmark: _Toc32398588][bookmark: _Toc32398601][bookmark: _Toc32398633][bookmark: _Toc32329091][bookmark: _Toc32398589][bookmark: _Toc32398602][bookmark: _Toc32398634][bookmark: _Toc32329092][bookmark: _Toc32398590][bookmark: _Toc32398603][bookmark: _Toc32398635][bookmark: _Toc32329093][bookmark: _Toc32398591][bookmark: _Toc32398604][bookmark: _Toc32398636][bookmark: _Toc32398592][bookmark: _Toc32398605][bookmark: _Toc32398637]2.2	Collision between a dynamic PDSCH and a group of SPS PDSCHs
Collision may also happen between a dynamic PDSCH and a group of SPS PDSCHs. One alternative is to resolve the collision is to count the dynamic PDSCH as an SPS with the lowest index and then run the procedure in Option 2 over the set of PDSCHs. However, a complication arises since the dynamic PDSCH is associated with a DCI, then detection or mis-detection of the DCI affects the output of the procedure. In case of DCI mis-detection, DAI does not help here since knowing about a missed DL assignment does not tell the UE about the time domain allocation of the missed DL assignment, and different allocations can result in different collision handling, leading to codebook size mismatch. Another alternative is to resolve the collision between SPS PDSCHS and dynamic PDSCH separately. That is, by the procedure in Option 2 first collision between SPS PDSCHs is resolved and then dynamic PDSCH is selected if any of the SPS PDSCHs that are selected are colliding with the dynamic PDSCH.
[bookmark: _Hlk37158332]
[bookmark: _Hlk37158322][bookmark: _Toc37462233] Separate collision handling between dynamic and a group of SPS PDSCHs.

2.3	SPS PDSCH release for UEs with single PDSCH decoding per slot capability
In Section 9.1.2.1 in 38.213 V16.1 is stated that UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot. 
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], [image: ]; [image: ]; 
[bookmark: _Hlk37158438]The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
For a UE working based on Rel. 15, there would not be any issue since the minimum periodicity is 10 msec and gNB can find a slot for transmitting SPS release. But for a UE working based on Rel-16 which can be configured based on unit slot periodicity, then UE does not expect to receive SPS release in Type 1 HARQ ACK codebook construction. Therefore, there would not be a time for releasing an SPS configuration. 

[bookmark: _Hlk37158606][bookmark: _Toc37462234]Modify the text as: The UE may receive SPS PDSCH release and unicast PDSCH in a same slot.
When a UE receives SPS PDSCH release in a slot, the UE sends HARQ-ACK for that SPS-PDSCH release. Then, the UE reports HARQ-ACK for corresponding SPS release (or group SPS release) whenever it receives in a same slot SPS release and unicast PDSCH. When the UE fails to detect the DCI for SPS PDSCH release when it’s been sent by the gNB, the UE would attempt SPS PDSCH detection and generate a NACK, since the gNB wouldn’t have transmitted a SPS PDSCH in the slot that the gNB is trying to send a release DCI.

[bookmark: _Toc37462235]The UE reports positive HARQ-ACK only in response to SPS PDSCH release, where the UE is expected to receive SPS PDSCH release and SPS PDSCH in a same slot or sub-slot.

2.4	Priority Indication by DCI 
In TS38.213 V16.0, it has been stated that:
A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field.

We clarify that the priority indication by DCI does not follow for uplink configured grant transmission and downlink SPS. So, we have the text proposal below.


--------------------------------- Text Proposal to TS 38.213 V16.0.0 ---------------------------------

9	UE procedure for reporting control information

[bookmark: _Hlk37144816]A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH for detection of DCI format 0_1 and DCI format 0_2 a priority index can be provided by a priority indicator field in DCI, except for Type 1 and Type 2 configured grant PUSCH , of which the priority is provided by higher layer.  If in an active DL BWP a UE monitors PDCCH for detection of DCI format 1_1 and DCI format 1_2, a priority index can be provided by a priority indicator field in DCI, except for a HARQ-ACK in response to a SPS PDSCH and a PDCCH indicating a SPS PDSCH release, of which the priority is provided by higher layer.

2.5	PHR reporting in case of intra-UE collision 
Rel-16 eURLLC allows dropping of lower priority PUSCH in case two PUSCHs belonging to different priorities collide, e.g., where a low-priority CG PUSCH collides with high-priority dynamic PUSCH. Pertinent to PHR reporting, if the PUSCH is dropped due to incoming dynamic PUSCH, then it may happen that PHR calculation based on non-transmitted CG PUSCH is utilized even though dynamic PUSCH is prioritized. The reason for not including calculation based on dynamic PUSCH is the insufficient timeline. However, this problem is not limited to PUSCHs collision but can be applicable to PUCCHs collision scenario.
To resolve this problem, gNB can recognize the situation that the PUSCH carrying PHR may not be based on prioritized PUSCH rather based on cancelled deprioritized PUSCH. In such situation, 
1. gNB can trigger another request for the PHR reporting or 
2. gNB can wait for next occasion when PHR will be reported again, and in the mean gNB can be judicious in allocating full power PUSCH transmission.
[bookmark: _Toc37462236]The PHR reporting inconsistency due to intra-UE collision can be resolved with gNB’s implementation. Thus, there is a no need to specify explicit behavior.
2.6	Intra-UE prioritization with no data 
In Rel-16 eURLLC, the intra-UE prioritization involving CG PUSCH depends on the condition whether CG allocation has data to transmit or not. In the specification, TS 38.214, Section 6.1.2.3, Resource allocation for uplink transmission with configured grant, it is mentioned
"The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not deliver a transport block to transmit on the resources allocated for uplink transmission without grant."
Hence, in case of intra-prioritization, e.g., between dynamic PUSCH and CG PUSCH, or between two CG PUSCHs, if the involving CG with high priority does not have data to transmit, then the other low priority PUSCH will be transmitted.
However, on the other hand, specifically in the case involving high priority dynamic PUSCH and low priority CG PUSCH, if the higher layer did not deliver a transport block to transmit on this dynamic PUSCH, still dynamic PUSCH will be prioritized according to the current spec. This means UE prioritized an empty dynamic PUSCH over a meaningful CG PUSCH. Therefore, in such scenarios, the same behavior should be applied as in case with no data for CG, i.e., the UE shall not transmit anything on the dynamic PUSCH if the higher layers did not deliver a transport block and the UE shall instead transmit the low priority CG PUSCH.
[bookmark: _Toc37462237]The UE shall not transmit anything on the dynamic PUSCH if the higher layers did not deliver a transport block.
Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support Option 2 for determining which PDSCHs to decode among overlapped SPS PDSCHs.
Proposal 2	Separate collision handling between dynamic and a group of SPS PDSCHs.
Proposal 3	Modify the text as: The UE may receive SPS PDSCH release and unicast PDSCH in a same slot.
Proposal 4	The UE reports positive HARQ-ACK only in response to SPS PDSCH release, where the UE is expected to receive SPS PDSCH release and SPS PDSCH in a same slot or sub-slot.
Proposal 5	The PHR reporting inconsistency due to intra-UE collision can be resolved with gNB’s implementation. Thus, there is a no need to specify explicit behavior.
Proposal 6	The UE shall not transmit anything on the dynamic PUSCH if the higher layers did not deliver a transport block.
[bookmark: _In-sequence_SDU_delivery]
References
R1-2001382, Summary of email discussion [100e-NR-L1enh_URLLC_SPS_enh-01] on remaining issues on SPS PDSCH Collision, LG Electronics.
[bookmark: _Ref37406690]R1-2001383, Summary of email discussion [100e-NR-L1enh_URLLC_SPS_enh-02] on remaining issues on HARQ-ACK feedback for DL SPS, LG Electronics.

Appendix. Proposals from RAN1#100 e-meeting

In [1] it was stated that:
Please consider the below proposals further for the next meeting. 
Proposal 1-1:
Option 1: Intl, Xiaomi, Panasonic, ZTE, OPPO, LGE, HW/HiSi, MTK, QC (based on the previous responses)
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: CATT, DCM, vivo, Samsung, Nokia/NSB, Ericsson
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 1-3: 
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 resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
Proposal 2-3: 
Option 1: For a UE not indicating a capability to receive more than one unicast PDSCH per slot,
   The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot associated with the same PUCCH slot
Option 3: It is RAN1 understanding from the current specification that a UE can receive SPS PDSCH release in a slot where SPS PDSCH is to be transmitted. 

Next, in [2] it was stated that:

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. 
For this issue, we can consider three cases:
· Case A: SPS PDSCH release and dynamic PDSCH in a slot
· I assume this can be handled by gNB scheduling (e.g., by delaying SPS release)
· Case B: SPS PDSCH release and SPS PDSCH for different SPS configurations in a slot
· I assume this can be handled by gNB implementation. (e.g., by delaying SPS PDSCH release to the slot in which the SPS PDSCH with same configuration is to be transmitted)
· Case C: SPS PDSCH release and SPS PDSCH for a same SPS configuration in a slot
· This case is controversial. 
· Samsung thinks gNB can transmit SPS PDSCH release and not transmit SPS PDSCH without any spec impact. 
· Nokia thinks this case cannot be supported without spec impact. Need to specify what is the latest PDCCH monitoring occasion the release can be sent, so that the SPS PDSCH in that slot is regarded as ‘not received’. 

Based on the discussions, there is clearly different understanding among companies on the following aspects.

Q1: Would the UE discard any SPS PDSCH release in a slot where SPS PDSCH is transmitted? Or, does the current spec support that the UE receives SPS PDSCH release in a slot where SPS PDSCH is transmitted?  
Q2: Is there any additional specification impact required for supporting Case C (e.g., the latest PDCCH monitoring occasion the release can be sent, where to be ready to buffer up SPS PDSCH, etc)?  
Please take the above aspects into account for further discussion in the next meeting. 
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