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[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK26]During the RAN1#100e meeting, some remaining issues have been discussed for DL SPS and some of them have not been solved, which mainly focus on multiple PDSCHs collision, such as SPS PDSCH vs SPS PDSCH collision and SPS PDSCH vs dynamic PDSCH collision. The collision between CG vs DG/CG was not discussed either. This contribution mainly discusses the methods to solve these collisions. 
SPS PDSCH vs SPS PDSCH collision
Although it has been agreed that in case of collision only between more than one SPS PDSCHs each without a corresponding PDCCH, a UE is not required to decode SPS PDSCHs other than the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs, the procedure details are not clear until now. Following two methods were introduced last meeting [1]:
· Option 1: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, A UE receives and decodes only one of SPS PDSCHs with the lowest SPS configuration index within a group of overlapping SPS PDSCHs on the same serving cell. 
· A SPS PDSCH belongs to a group of overlapping SPS PDSCHs
· If its SLIV is within the starting symbol of the first SPS PDSCH in that group, and the last symbol of the last SPS PDSCH in that group, and
· If this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot, and
· If the starting and ending symbols of this SPS PDSCH overlaps in time at least with another SPS PDSCH on the same serving cell in a slot if the SPS PDSCH is neither the first nor the last SPS PDSCH in the group
· Option 2: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, a UE receives and decodes one or more of SPS PDSCHs within a group of overlapping SPS PDSCHs on the same serving cell according to the following procedure.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
· Step 1: A UE receives and decodes one of SPS PDSCHs with the lowest SPS configuration index within Q, set j=j+1. Designate the received SPS PDSCH as survivor SPS PDSCH.
· Step 2: The received/decoded SPS PDSCH and any other SPS PDSCH(s) overlapping, even partially, the survivor SPS PDSCH are excluded from Q. 
· Step 3: Repeat step 1 and 2 until the group is empty or j≥N, where N is the number of unicast PDSCHs in a slot supported by the UE
The intention of option 1 is to define what is “a group of overlapping SPS PDSCHs”, but I think it is not clear enough and seems not complete to cover all cases. Comparing option 1 with option 2, we can found that option 2 can have the benefit that N SPS PDSCHs can be transmitted in a group and is clear enough, so option 2 should be supported.
Proposal 1: 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
It has been agreed that in a slot with more than one SPS PDSCHs each without a corresponding PDCCH, HARQ-ACK feedback for a SPS PDSCH should not be included in the HARQ-ACK codebook if the SPS PDSCH would not be received among overlapping SPS PDSCHs without associated PDCCH. But  in the SPS PDSCH repetition case, if only the last SPS PDSCH repetition would not be received among overlapping SPS PDSCHs,  other SPS PDSCHs in the same repetition have been transmitted, considering the resource utilization, HARQ-ACK feedback for this last SPS PDSCH repetition should also be included in the HARQ-ACK codebook. 
For example in figure 1, for SPS ID 1, assuming the periodicity P  is 2 slots and the  number of repetition N is 1，K1=2 slots, for SPS ID 2, assuming the periodicity P  is 2 slots and the  number of repetition N is 2，K1=2 slots, the first repetition is in slot 2 and second repetition is in slot 3. According to the agreement，the second repetition would not be received because it is overlapped with PDSCH of SPS ID1, but it could be seen from the figure that the first repetition in slot 2 has been received, so the HARQ-ACK feedback for this last SPS PDSCH repetition should also be included in the HARQ-ACK codebook.
[image: ]
Figure 1 HARQ-ACK feedback for a SPS PDSCH repetition

Proposal 2: HARQ-ACK feedback for last SPS PDSCH repetition should also be included in the HARQ-ACK codebook, even if the last SPS PDSCH repetition is not be received among overlapping SPS PDSCHs without associated PDCCH, if other SPS PDSCH repetitions within same repetition are received.
SPS PDSCH vs dynamic PDSCH collision
In case dynamic scheduled PDSCH and multiple SPS PDSCHs are overlapped in time domain, there would be two options：
· 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.
With option 1, in some case, SPS PDSCH(s) may be dropped unnecessarily, e.g., in the figure 2 below, all SPS PDSCH with configuration Index #1，index #2 and index 3 are dropped. With option 2, the SPS PDSCH with configuration index #2 not overlapped with dynamic scheduled PDSCH can be transmitted. However, Option 1 has separation between dynamic PDSCH and SPS PDSCH, which makes HARQ ACK construction consistent with HARQ ACK Type 2 construction. For Option 2, one drawback is that reception of SPS PDSCH is affected by presence or absence of dynamic PDSCH. For example, if PDCCH of dynamic PDSCH is missed in the figure 2 below, then SPS PDSCH with configuration index #2 would be received, it could be seen set of received SPS PDSCHs can be different. In contrast, Option 1 is robust, SPS PDSCH reception is not affected by dynamic PDSCH (including its error cases). So we prefer Option 1.
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Figure 2 SPS PDSCH vs dynamic PDSCH collision
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 resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
Corrections on handling the collision between CG vs DG/CG
In RAN1 #99 meeting, the following agreement is achieved. From this agreement, it seems that a high-priority PUSCH can cancel a low-priority PUSCH in the PHY.
	Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission



Then in the current 38.213 version, it is specified as follow, in which it is further emphasize that the two overlapping PUSCHs of different priorities cannot be both DG PUSCHs.
	9	UE procedure for reporting control information
[…]
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. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	[…]
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format


 
Currently, it is not discussed how to handle two PUSCHs (CG PUSCH vs CG/DG PUSCH) colliding with the same priority in PHY. For the DG vs CG case, the simplest way is to reuse the R15 rule, i.e., the DG is prioritized over the CG if they are of the same priority. For the CG vs CG case, it can be left as UE implementation or simply prioritize the one with smaller config index. However, this behave conflicts with the RAN2 agreement.
In RAN2, it is agreed that “For CG-CG conflicts, and CG-DG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability.” Then if the MAC PDU of the first UL grant is already assembled when the second UL grant arrives at the MAC layer, the MAC layer would also assemble the MAC PDU for the second grant and send it to the PHY if the MAC layer judges the second grant has a higher priority. This behave has been captured in the current 38.321 version as follows [3].
	[bookmark: _Toc29239833]5.4	UL-SCH data transfer
[bookmark: _Toc29239834]5.4.1	UL Grant reception
[…]
When the MAC entity is configured, with lch-basedPrioritization, for each uplink grant which is not already a de-prioritized uplink grant:
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, 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>	this uplink grant is a prioritized uplink grant;
3>	the other overlapping uplink grant(s), if any, is a de-prioritized uplink grant.
1>	else if this uplink grant is a configured uplink grant:
2>	if there is no overlapping PUSCH duration of another configured uplink grant, 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, 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>	this uplink grant is a prioritized uplink grant;
3>	the other overlapping uplink grant(s), if any, is a de-prioritized uplink grant.
[bookmark: _Hlk34410642]NOTE:	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.



Hence, as pointed in [4], “according to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority).”
Since the MAC layer can distinguish more priority levels base on the priority level of the logical channels, its solution seems more reasonable. Hence the following TP is proposed
--------------------------------------------Start of text proposal--------------------------------------------------------
9	UE procedure for reporting control information
*** Unchanged text is omitted ***
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. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	[…]
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format. 
-	a first PUSCH on a serving cell, a second PUSCH of the same priority index on the serving cell, and the data from MAC layer of the second PUSCH is received later than that of the first PUSCH, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the first PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format.
---------------------------------------------End of text proposal--------------------------------------------------------

Conclusion
According to the discussion, following proposals are provided:
Proposal 1: 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
[bookmark: _GoBack]Proposal 2: HARQ-ACK feedback for last SPS PDSCH repetition should also be included in the HARQ-ACK codebook, even if the last SPS PDSCH repetition is not be received among overlapping SPS PDSCHs without associated PDCCH, if other SPS PDSCH repetitions within same repetition are received.
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 resolves overlapping between dynamic scheduled PDSCH and one or multiple SPS PDSCHs to be selected to decode from first step (second step).
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