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1	Introduction 
In this document, proposals related to out-of-order operation for NR URLLC are summarized. The related conclusion from RAN1 #99 is as follows:
Conclusion:
· For Rel. 16 URLLC, no support of out-of-order/overlap PDSCH/HARQ and out-of-order/overlap PUSCH operation. 

This issue was again discussed after the RAN1 #99 as part of email discussion [99-NR-13]; however, no agreement was made. The editor mentioned that the following note is placed for the related clause in Section 9 of TS 39.213: 

a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH.
Editor’s note: “TBD for two PUCCHs with HARQ-ACK, associated with two DG-PDSCHs on a scheduled cell with different priorities, overlap in time”
Hence, in the current Rel. 16 specification, the collision across two PUCCHs carrying HARQ-ACK with different priorities for the PDSCHs scheduled on the same serving cell is not supported.
2         Proposals 
Issue #1: “Overlapping PUCCHs carrying HARQ-ACK with different priorities”
The related proposals are captured in the following table:

	Company 
	Proposal

	Ericsson
	· For two PUCCHs carrying two HARQ-ACK codebooks with different priorities, respectively, if the two PUCCHs overlap in time, the multiplexing/prioritization procedure is applied.  This is already captured by existing specification.

	vivo
	· UE can be scheduled with two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier overlapping in the time domain.

	ZTE
	· For overlapping of two PUCCHs carrying HARQ-ACK with different priorities in Rel-16, no additional restrictions should be introduced. 
· In case of two non-overlapping PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in a slot/sub-slot, down-select between the following two interpretations and corresponding UE behaviors.  
· Interpretation 1: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is per HARQ-ACK codebook. 
· UE behavior 1-1: If the PDSCH-to-PUCCHs is in order, UE transmits the two PUCCHs in the same slot/sub-slot. 
· UE behavior 1-2: A UE is not expected that the PDSCH-to-PUCCHs is out of order. 
· Interpretation 2: The restriction of one PUCCH transmission with HARQ-ACK in one slot/sub-slot is for all configured HARQ-ACK codebook(s). It means a UE can transmit more than one PUCCH carrying HARQ-ACK only when it is configured with two sub-slot based HARQ-ACK codebooks. 
· UE behavior 2: The PDSCH-to-PUCCHs can be in order or out of order, and the UE does not transmit the PUCCH carrying low priority HARQ-ACK.
Feature lead comment: The restrictions on the number of PUCCH transmissions per slot/sub-slot is related to the HARQ-ACK codebook design, and should be discussed under AI 7.2.5.2.

	OPPO
	· There is no reason to preclude the agreements of the collision handling of two PUCCHs carrying HARQ-ACK with different priorities made in scheduling/HARQ enhancement agenda.

	CATT
	In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and a second PDSCH which is starting later than the first PDSCH, and if the PUCCH carrying HARQ-ACK for the second PDSCH associated with the same HARQ-ACK codebook “is transmitted” in a sub-slot before that of the first PDSCH if sub-slot is configured for the PUCCH for HARQ-ACK.
In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and a second PDSCH which is starting later than the first PDSCH, and if the PUCCH carrying HARQ-ACK for the second PDSCH associated with a different HARQ-ACK codebook ends earlier than the start of the HARQ-ACK for the first PDSCH.In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and a second PDSCH, which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs do not “overlap”, and if the PUCCH carrying HARQ-ACK for the second PDSCH “is transmitted” earlier than that of the first PDSCH. 
· If the two PUCCHs correspond to same HARQ-ACK CB, 
· Two PUCCHs are said to “overlap” when they are mapped to the same slot or sub-slot
· If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, 
· Two PUCCHs are said to “overlap” when they have time-domain overlap of at least one symbol
In a given scheduled cell, the UE can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier.


	LGE
	In rel-16, a UE can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier. The UE transmits PUCCH carrying HARQ-ACK corresponding to high priority index and drops PUCCH carrying HARQ-ACK corresponding to low priority index.

	Intel
	Confirm the following: A UE, supporting intra-UE prioritization, can be scheduled with two overlapping PUCCHs carrying HARQ-ACK with different priorities for two PDSCHs scheduled on the same carrier.
In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and a second PDSCH, which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs do not overlap, and if the PUCCH carrying HARQ-ACK for the second PDSCH is transmitted earlier than that of the first PDSCH. 
· If the two PUCCHs correspond to same HARQ-ACK CB, 
· Two PUCCHs are said to overlap when they are mapped to the same slot or sub-slot
· If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, 
· Two PUCCHs are said to overlap when they have time-domain overlap of at least one symbol.

It may be considered further as part of Rel-16 UE features discussion to introduce capability signaling for a UE to indicate support of intra-UE prioritization (at least between HARQ-ACK CBs), separately for when the corresponding PDSCHs are scheduled in the same DL carrier or not. 
Further separation of UE capability reporting on support of intra-UE prioritization (at least between HARQ-ACK CBs) based on relative timing of the starting symbols of the overlapping PUCCHs is not sufficiently justified.

	CMCC
	· The UE can be scheduled with two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier overlapping in the time domain, and intra-UE UL collision handling behavior previously agreed should be followed.

	Huawei/HiSi
	· It is concluded that two PUCCHs with different priorities overlapping in time and a corresponding dropping rule are already supported by the current Rel-16 specification.


	Nokia/NSB
	· RAN1 to conclude that the UE can be scheduled with two PUCCHs overlapping in the time domain which carry HARQ-ACK with different priorities associated with two PDSCHs scheduled on the same carrier.

	NTT DOCOMO
	· Two PUCCHs carrying HARQ-ACK with different priorities associated with two DG-PDSCHs scheduled on the same carrier in one slot/sub-slot can be overlapping in time regardless of the order of the two PUCCH resources as long as the two PUCCH resources are in the same slot/sub-slot and dropping timeline is satisfied.

	Qualcomm
	· Two PUCCHs carrying HARQ-ACK with different priorities shall not collide in the time domain if their associated PDSCHs are dynamically scheduled on the same serving cell. 
· The editor note confirms that this feature is not supported in Rel. 16 URLLC.





















Issue #2: “Out-of-Order with Sub-slot Based HARQ-ACK Codebook”

Clarifying that out-of-order HARQ is not supported even in case of sub-slot based HARQ-ACK codebook by applying the following change [10]:

	TP to TS 38.214, Sec. 5.1 UE procedure for receiving the physical downlink shared channel
5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
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 or sub-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 or a sub-slot before sub-slot j'.
<Unchanged text is omitted>



The contribution paper in [1], [5], and [8] also pointed out the same issue. In particular, the following changes are proposed in [5]:

A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 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 Clause 9.2.3 of [6]. 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 associated with the same HARQ-ACK codebook assigned to be transmitted in a slot before slot j if subslotLength-ForPUCCH is not provided for the PUCCH with HARQ-ACK. 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 a sub-slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK associated with the same HARQ-ACK codebook assigned to be transmitted in a sub-slot before sub-slot j if subslotLength-ForPUCCH is provided for the PUCCH with HARQ-ACK. 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 or sub-slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK associated with a different HARQ-ACK codebook assigned to be transmitted ending earlier than the start of the HARQ-ACK for the first PDSCH. 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.
In [8], the following changes are proposed:
5.1	UE procedure for receiving the physical downlink shared channel
……
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 or sub-slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK, which is the same priority index with the first HARQ-ACK, assigned to be transmitted in a slot before slot j or a sub-slot before sub-slot j. The UE is not expected to be scheduled with a first PDSCH and the second PDSCH, which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs do not overlap in time domain, and if the PUCCH carrying HARQ-ACK for the second PDSCH is transmitted earlier than that of the first PDSCH.



Issue #3: “Out-of-Order with SPS Release”

In [4], it is proposed to disallow out-of-order HARQ between a PUCCH of a scheduled PDSCH and that for SPS release as shown in the figure below:



Proposal: The out-of-order HARQ with the same priority caused by the transmission of SPS PDSCH release should be avoid.


Issue #4: “Timeline for Cancellation”
In [9], it is proposed that for handling collision across two PUCCHs of different priorities, no extra timeline is needed for supporting dropping. 

Comment from the feature lead: This proposal is about cancellation timeline and should be discussed under AI 7.2.5.2.

3         Summary of the Preparation Phase 
Based on the comments during the preparation phase, the companies proposed the following with regards to the first three issues:

	
	Companies supporting the discussion in the second phase
	Companies objecting the discussion in the second phase 

	Issue #1
	15 companies (CATT, Panasonic, LGE, DOCOMO, vivo, CMCC, ZTE, HW/HiSi, Sony, MTK, Nokia, Ericsson, Samsung, Spreadtrum, Intel)
	1company (Qualcomm)

	Issue #2
	17 companies (CATT, Panasonic, LGE, DOCOMO, vivo, Qualcomm, CMCC, ZTE, HW/HiSi, Sony, MTK, Nokia, Ericsson, Samsung, Spreadtrum, Apple, Intel
	

	Issue #3
	
	15 companies (CATT, Panasonic, LGE, DOCOMO, vivo, Qualcomm, CMCC, ZTE, HW/HiSi, Sony, MTK, Nokia, Ericsson, Samsung, Intel)




On Issue #2 and 3, all companies are aligned; Clearly, Issue #2 should be discussed, and there is no need to discuss Issue #3 during this meeting. 
For issue #1, the first proposal from the feature lead was to start the discussion from the last proposal discussed during the email discussion [99-NR-13] as follows:
Proposal:
1. In a given scheduled cell, the UE is not expected to be scheduled with a first PDSCH and a second PDSCH, which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs do not “overlap”, and if the PUCCH carrying HARQ-ACK for the second PDSCH “is transmitted” earlier than that of the first PDSCH. 
2. If the two PUCCHs correspond to same HARQ-ACK CB, 
0. Two PUCCHs are said to “overlap” when they are mapped to the same slot or sub-slot
2. If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, 
1. Two PUCCHs are said to “overlap” when they have time-domain overlap of at least one symbol
2. If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, the UE separately reports the capability for handling collision in the following cases: 
2. Transmission of the PUCCH carrying HARQ-ACK for the second PDSCH starts at the same symbol or earlier than that of the first PDSCH.
2. Transmission of the PUCCH carrying HARQ-ACK for the second PDSCH starts later than that of the first PDSCH.
1. Handling the collision between two PUCCHs carrying HARQ-ACK with different priorities is reported separately by the UE for the following cases: 
3. The corresponding PDSCHs are scheduled on the same carrier.
3. The corresponding PDSCHs are scheduled on different carriers.

Ericsson raised a concern that the first part of this proposal has an overlap with the topic of the second issue. Hence, the proposal for discussion is updated as follows:

Proposal:
1. If a UE is scheduled with a first PDSCH and a second PDSCH which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs overlap in time: 
4. If the two PUCCHs correspond to same HARQ-ACK CB, 
0. Two PUCCHs are said to “overlap” when they are mapped to the same slot or sub-slot
0. Multiplexing according to Rel. 15 should be followed.
4. If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, 
1. Two PUCCHs are said to “overlap” when they have time-domain overlap of at least one symbol
1. The low priority PUCCH should be cancelled.
4. If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, the UE separately reports the capability for cancellation in the following cases: 
2. Transmission of the PUCCH carrying HARQ-ACK for the second PDSCH starts at the same symbol or earlier than that of the first PDSCH.
2. Transmission of the PUCCH carrying HARQ-ACK for the second PDSCH starts later than that of the first PDSCH.
1. Handling the collision between two PUCCHs carrying HARQ-ACK with different priorities is reported separately by the UE for the following cases: 
5. The corresponding PDSCHs are scheduled on the same carrier.
5. The corresponding PDSCHs are scheduled on different carriers.

Finally, although Qualcomm had objected to discuss Issue #1 initially, they mentioned they are fine to discuss further if the corresponding capabilities are also introduced. 



4         Scope of Discussions for RAN1 #100b-e
For RAN1 100b-e, the following email discussions and topics are proposed:
Email discussion #1: Handling of collision and cancellation for PUCCH carrying HARQ-ACK with different priorities based on the following proposal as a starting point: 
Proposal:
1. If a UE is scheduled with a first PDSCH and a second PDSCH which is starting later than the first PDSCH, if the PUCCH carrying HARQ-ACK for the first and second PDSCHs overlap in time: 
6. If the two PUCCHs correspond to same HARQ-ACK CB, 
0. Two PUCCHs are said to “overlap” when they are mapped to the same slot or sub-slot
0. Multiplexing according to Rel. 15 should be followed.
6. If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, 
1. Two PUCCHs are said to “overlap” when they have time-domain overlap of at least one symbol
1. The low priority PUCCH should be cancelled.
6. If the two PUCCHs correspond to HARQ-ACK CBs with different priorities, the UE separately reports the capability for cancellation in the following cases: 
2. Transmission of the PUCCH carrying HARQ-ACK for the second PDSCH starts at the same symbol or earlier than that of the first PDSCH.
2. Transmission of the PUCCH carrying HARQ-ACK for the second PDSCH starts later than that of the first PDSCH.
1. Handling the collision between two PUCCHs carrying HARQ-ACK with different priorities is reported separately by the UE for the following cases: 
7. The corresponding PDSCHs are scheduled on the same carrier.
7. The corresponding PDSCHs are scheduled on different carriers.

Discussion until 04/24. If agreement is made, TP to be finalized by 04/28.

Email discussion #2: Spec update to avoid out-of-order HARQ-ACK for sub-slot based codebook
Discussion on the proposed TPs captured under Issue #2 of the summary until 04/24.  
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