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1	Introduction
There are two topics which do not have separate agenda item in eURLLC WI scope but grouped together in the item “Other”: support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE and resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs. There is already some progress in the topics and related agreements are collected in Appendix A. In the paper we further discuss remaining issues and solutions related to these topics.

[bookmark: _Ref178064866]2	Discussion
2.1	DL SPS remaining issues
In Rel-15 NR, for a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot n + k where k is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n + k where k is provided by dl-DataToUL-ACK [38.213]. For retransmission of a DL SPS, the gNB schedules a dynamic grant, with the same HARQ PID as the original transmission but scrambles the DL assignment with CS-RNTI.
On the last meeting it was agreed that in Rel-16 UE can be configured with more PUCCH formats to carry HARQ-ACKs from multiple DL SPS configurations and all configurations share one PUCCH resource set. Moreover, multiple DL SPS configurations HARQ-ACKs can be multiplexed with feedback for dynamically scheduled PDSCHs reusing Rel-15 rule.
One remaining issue is related to ordering of HARQ-ACK bits when multiple DL SPS PDSCHs are reported in the same PUCCH resource. We think that configuration ID can be reused for ordering, e.g. in ascent order.
[bookmark: _Toc24156864][bookmark: _Hlk24151923]The HARQ-ACK bits for DL-SPS PDSCHs reported in shared PUCCH resource are ordered following a predefined index, e.g., the configuration ID.

Another remaining issue is related to out-of-order operation. Since every DL SPS configuration may have it is own periodicity and PDSCH-to-HARQ_feedback timing, technically speaking out-of-order HARQ-ACK event can happen in between two or even more configurations. Alternatively, out-of-order operation can also happen between dynamically scheduled DL data and DL SPS. We discuss this issue in our paper together with other out-of-order issues [2] and think that such operation should be enabled for DL SPS.
[bookmark: _Toc24156865]Out-of-order HARQ-ACK is supported between DL SPS vs. DL SPS and between DL SPS vs. Dynamic PDSCH.
In addition to slot-based operation for DL SPS, sub-slot reporting mode is beneficial for latency. For example, when two DL SPS configurations carry traffic of different requirements, HARQ feedbacks can be split between PUCCH resources in time within a slot. The details of this scheme can be inherited from dynamically scheduled PDSCHs (UCI enhancements framework). Specifically, K1 for DL SPS should support to be signaled in units of mini-slots, while configuration of units is derived from PDSCH-Config.

[bookmark: _Toc24156866]Sub-slot HARQ-ACK reporting is supported for DL SPS operation.
[bookmark: _Toc24156867]K1 is in unit of slot or mini-slot follows the sub-slot configuration in PDSCH-Config (dynamic).

2.2	Resource Conflicts in Uplink
As it was agreed in the last meeting, there is a possibility to signal 2-level priority for DG PUSCH while priority of CG PUSCH is configured via RRC. It means that PHY layer can carry priority of dynamically scheduled PUSCH and the priority can be forwarded to MAC layer. At the same time priority of CG PUSCH is available for MAC layer. Consecutively, the MAC can decide how to handle different collisions (e.g. CG vs. CG or CG vs. DG) and what PUSCH should be prioritized. We discuss MAC behaviour in our RAN2 paper [1].
In case of prioritization between conflicting PUSCHs, two scenarios are identified and shown in Figure 2. Since the picture is general for DG and CG, we assume that at some point in time a UE get to know either about DCI scheduling PDSCH or data presence in a buffer, and it is illustrated as a one block/event. Two cases differ from each other by arrival time of data or DCI in relation to non-return point for transmission (at least partial) of PUSCH1.
· Case (A): After receiving the second DCI/data, UE has enough time to react before PUSCH1 transmission is scheduled to start. UE cancels the first PUSCH (i.e., PUSCH1) transmission. There is only one PUSCH, i.e., PUSCH 2, transmitted. 
· Case (B): After receiving the second DCI/data, there is not enough time to react. It’s too late for the UE to cancel the first PUSCH transmission. This can be treated as a special case of inter-UE pre-emption and information about pre-emption of PUSCH1 can be derived by UE internally. In this case UE should be able to stop transmission of PUSCH1 and start transmission of PUSCH2.
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	A. UE skip PUSCH1
	B. PUSCH1 has been started but it is stopped due to PUSCH2


[bookmark: _Ref865128]Figure 2: Intra-UE prioritization in UL (data-data conflict).
In case A, the MAC layer can avoid generation of PUSCH1 and PHY layer processes and transmits only PUSCH2. While in case B, the MAC layer generates PDU for PUSCH2 transmission with special overriding command, transmission of PUSCH1 should be stopped by PHY layer and transmission of PUSCH2 can be initiated.

[bookmark: _Toc24156868]Prioritization of UL grants of any type (CG-CG, CG-DG, DG-DG) are handled by MAC layer.
[bookmark: _Toc24156869]Enable PHY layer to get instructions from MAC to stop the de-prioritized PUSCH and start processing the high priority PUSCH instead.

Moreover, the methods of interruption of de-prioritized transmission can be reused from inter UE prioritization discussion about UL CI.
[bookmark: _Toc24156433]For intra-UE prioritization in UL, interruption of de-prioritized transmission can be reused from inter UE prioritization discussion about UL CI, e.g. no resume is supported.

In case B due to interruption of low priority PUSCH, a gNB may want to initiate retransmission. We do not see any problem to proceed with regular HARQ retransmission mechanism regardless of UL grant type (DG or CG).
Furthermore, it is still open issue how exactly the priority will be signalled for dynamic grants. We discuss this issue in detail in [2]. Our preference can be formulated in the following proposal:
[bookmark: _Toc16902590][bookmark: _Toc24156870]Rel-16 supports 1-bit dynamic indication of priority for DL and UL as a new field in DCI.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Methods of interruption of de-prioritized transmission can be reused from Inter UE prioritization discussion about UL CI, e.g. no resume is supported.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The HARQ-ACK bits for DL-SPS PDSCHs reported in shared PUCCH resource are ordered following a predefined index, e.g., the configuration ID.
Proposal 2	Out-of-order HARQ-ACK is supported between DL SPS vs. DL SPS and between DL SPS vs. Dynamic PDSCH.
Proposal 3	Sub-slot HARQ-ACK reporting is supported for DL SPS operation.
Proposal 4	K1 is in unit of slot or mini-slot follows the sub-slot configuration in PDSCH-Config (dynamic).
Proposal 5	Prioritization of UL grants of any type (CG-CG, CG-DG, DG-DG) are handled by MAC layer.
Proposal 6	Enable PHY layer to get instructions from MAC to stop the de-prioritized PUSCH and start processing the high priority PUSCH instead.
Proposal 7	Rel-16 supports 1-bit dynamic indication of priority for DL and UL as a new field in DCI.
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Appendix A. Relevant agreements.

Agreements related to DL SPS:
In 3GPP RAN1 Meeting #98, the following items were agreed: 

	Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 
· FFS applicability to all PUCCH formats
· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.
· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 
Conclusion:
· There is no consensus to support joint activation in a DCI for two or more SPS configurations for a given BWP of a serving cell in rel-16. 
Conclusion:
There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 
Working assumption:
Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
Reusing the joint release mechanism as that defined for UL type 2 CG




In 3GPP RAN1 Meeting #98bis, the following was agreed:
Agreements:
Confirm the following working assumption:
	Working assumption:
Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
· Reusing the joint release mechanism as that defined for UL type 2 CG



Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH formats 2/3/4 are applicable in addition to PUCCH formats 0/1. 
Agreements:
For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing rel-15 mechanism. 

Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), 
· Multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· Number of PUCCH resources is up to 4
· FFS details (e.g., threshold for determining PUCCH resource)

Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH resource i is selected if HARQ-ACK payload size (not including CRC) is in the range of {Ni,min, …, Ni,max} bits, where the number of PUCCH resources in the selection is from 0 up to 3. 
· N0,min=1, N0,max=2
· For i≠0
· Ni,max is configured by RRC; if not configured, Ni,max is 1706.
· Ni,min is equal to Ni-1,max+1 
Note: The above mechanism is equivalent to rel-15 procedure when a single PUCCH resource is configured per PUCCH resource set.
Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), the number of PRBs for the PUCCH transmission is determined by reusing rel-15 mechanism in Subclause 9.2.3 (UE procedure for reporting HARQ-ACK) of 38.213. 
· The maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH


Agreements related to intra-UE prioritization:
Agreements:
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
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