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Introduction
In RAN1 100e meeting, several agreements on DL SPS in RAN1 were achieved [1]:
Agreements:
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 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.
Agreements:
· 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.
· For HARQ-ACK of SPS PDSCH (without dynamic scheduled PDSCH), the PUCCH resource is determined based on SPS-PUCCH-AN-List once it is configured, regardless of the number of active SPS configurations. 
Agreements:
Introduce configuration of PDSCH aggregation factor (pdsch-AggregationFactor) per DL SPS configuration with the value range of {1,2,4,8} [RRC impact]
· For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, or PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=0
· PDSCH aggregation factor signaled in sps-Config (newly introduced RRC parameter) is applied if configured; otherwise, PDSCH aggregation factor signaled in pdsch-Config is applied
· For PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=1
· PDSCH aggregation factor signaled in pdsch-Config is applied
Agreements:
For PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by CS-RNTI with NDI=0, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, the UE is not expected to be configured with the time duration for the reception of pdsch-AggregationFactor repetitions in sps-Config (if configured) or in pdsch-config (otherwise) larger than the time duration derived by the periodicity P obtained from the corresponding sps-Config.

There are some remaining issues on DL SPS and intra-UE multiplexing/prioritization. This document discusses these remaining issue.
HARQ-ACK feedback for DL SPS
· Overlapping SPS PDSCH determination
There are two options to determine overlapping PDSCHs:
Option1: A SPS PDSCH belongs to a group of overlapping SPS PDSCH if a SPS PDSCH overlaps with any SPS PDSCH in the group of overlapping SPS PDSCH group. A UE receives and decodes only one of SPS PDSCH with the lowest SPS configuration index within a group of overlapping SPS PDSCH, and other SPS PDSCHs are not received and decoded.
Option 2: A SPS PDSCH belongs to a group of overlapping SPS PDSCH if a SPS PDSCH directly overlaps with the specific SPS PDSCH, e.g. SPS PDSCH i. A UE receives and decodes only one of SPS PDSCH with the lowest SPS configuration index within a group of overlapping SPS PDSCH, only SPS PDSCHs directly overlaps with SPS PDSCH with the lowest SPS configuration index are not received and decoded.
Comparing option1 and option2, option 1 is simple and option 2 is complex but may increase SPS transmission opportunity. However, more SPS transmission opportunity is not deserved. Firstly, overlapping can be avoided by reasonable SPS configuration. Secondly, dropped SPS transmission can also be scheduled by dynamic grant if the data in SPS PDSCH is urgent. So option 1 is preferred.
Proposal 1: A UE receives and decodes only one of SPS PDSCH with the lowest SPS configuration index within a group of overlapping SPS PDSCH one the same serving cell. A SPS PDSCH belongs to a group of overlapping SPS PDSCH once a SPS PDSCH overlaps with any SPS PDSCH in the group of overlapping SPS PDSCH group.
· Solution for overlapping dynamic and SPS PDSCHs 
According to Rel-15 rule, if dynamic PDSCH and SPS PDSCH(s) overlap, a UE receives and decodes dynamic PDSCH and SPS PDSCH overlapped with dynamic PDSCH is dropped. However in Rel-16, there are multiple SPS configurations, and there may be a case that dynamic PDSCH overlaps with SPS PDSCH i, and SPS PDSCH i overlaps with SPS PDSCH j and k. To solve this complex case, there are two potential solutions for overlapping dynamic and SPS PDSCHs as shown in Figure 1 left and right:
· Option1 (left): 
Step1: Solve collision between dynamic PDSCH and SPS PDSCH directly overlapped with the dynamic PDSCH. According to Rel-15 rule, a UE receives and decodes dynamic PDSCH and SPS PDSCHs directly overlapped with dynamic PDSCH are dropped.
Stpe2: Solve collision among remaining overlapping SPS PDSCHs. According to proposal 1, A UE receives and decodes only one of SPS PDSCH with the lowest SPS configuration index within the remaining overlapping SPS PDSCHs.
· Option2 (right): 
Stpe1: Solve collision among overlapping SPS PDSCHs. According to proposal 1, A UE receives and decodes only one of SPS PDSCH with the lowest SPS configuration index within the overlapping SPS PDSCHs.
Step1: Solve collision between dynamic PDSCH and SPS PDSCH with the lowest SPS configuration index. According to Rel-15 rule, a UE receives and decodes dynamic PDSCH and SPS PDSCH is dropped, if dynamic PDSCH and SPS PDSCH with the lowest SPS configuration index still collides.



     
Figure 1 Solution for overlapping dynamic and SPS PDSCH, option1 (left) and option 2(right)
Comparing option1 and option2, option 2 is simple and option 1 is complex but may increase SPS transmission opportunity. However, as above analysis, more SPS transmission opportunity is not deserved. So option 2 is preferred.
Proposal 2: Solve collision among overlapping SPS PDSCHs firstly. And then solve collision between dynamic PDSCH and SPS PDSCH with the lowest SPS configuration index.
· Out-of-order for SPS release and PDSCH transmission
In Rel-15, the limitation on out-of-order HARQ is only defined for PDSCH transmision, i.e. “In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j”. However, HARQ-ACK feedback is required for SPS release. Therefore, SPS release should also avoid out-of-order HARQ.
· Text proposals for HARQ-ACK order for SPS release
According to above discussion, TP is proposed for TS 38.214.
--------------------------------------------------Text proposal for TS38.214--------------------------------------------------

[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc36117378]5.1	UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk498410788]For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. In a given scheduled cell, the UE is not expected to receive a first PDSCH or SPS PDSCH release in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH or SPS PDSCH release starting later than the first PDSCH or SPS PDSCH release with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3.
--------------------------------------------------Text proposal for TS38.214--------------------------------------------------
Proposal 3: Agree the above TPs to 38.214 Sec. 5.1 to avoid out-of-order HARQ for SPS release.
Intra-UE multiplexing/prioritization
According to RAN1 agreements are achieved on PUSCH resource collision, the UE behavior in PHY can be summarized in the following:
· For overlapped DG and DG, out-of-order is not supported in Rel-16, so overlapped two DG-PUSCHs in the time domain are not expected. 
· For overlapped DG and CG, if the priority for DG and CG is different, then PUSCH with high priority is transmitted. If the priority for DG and CG is the same, DG is transmitted according Rel-15 rule. 
· For overlapped CG and CG, if the priority for CG and CG is different, then PUSCH with high priority is transmitted. If the priority for CG and CG is the same, there is no solution in RAN 1.
According to RAN2 discussion, 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. So RAN2 solution can be applied to solve collision among CGs with the same priority.
Proposal 4: If RAN2 solution is supported, then it can be applied to solve collision among CGs with the same priority. Otherwise, it is not expected that CG and CG with the same priority collide.
Conclusions
DL SPS enhancement are analyzed and followings are proposed:
Proposal 1: A UE receives and decodes only one of SPS PDSCH with the lowest SPS configuration index within a group of overlapping SPS PDSCH one the same serving cell. A SPS PDSCH belongs to a group of overlapping SPS PDSCH once a SPS PDSCH overlaps with any SPS PDSCH in the group of overlapping SPS PDSCH group.
Proposal 2: Solve collision among overlapping SPS PDSCHs firstly. And then solve collision between dynamic PDSCH and SPS PDSCH with the lowest SPS configuration index.
Proposal 3: Agree the above TPs to 38.214 Sec. 5.1 to avoid out-of-order HARQ for SPS release.
[bookmark: _GoBack]Proposal 4: If RAN2 solution is supported, then it can be applied to solve collision among CGs with the same priority. Otherwise, it is not expected that CG and CG with same priority collide.
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