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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. 

Companies proposed to modify the specification to generalize out-of-order HARQ to the cases where the UE is configured with a subslot based HARQ-ACK codebooks 
2         Summary of the Contributions 
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.



3         Summary of the Preparation Phase   
Based on the comments during the preparation phase, the companies proposed the following:

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

	Generalizing Out-of-Order HARQ to Sub-slot based codebook
	17 companies (CATT, Panasonic, LGE, DOCOMO, vivo, Qualcomm, CMCC, ZTE, HW/HiSi, Sony, MTK, Nokia, Ericsson, Samsung, Spreadtrum, Apple, Intel
	



Given the support from all the companies, the following email discussion was approved:

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.  

4         Summary of the Email discussion 
The initial TP is as follows:



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>

Companies views on the TP above is captured in the table:
	Company
	Comment

	CATT
	Although we agree with the intention of the TP, we think the proposed TP is not accurate. To be more specific, it is not clear when slot-based out-of-order or sub-slot based out-of-order HARQ is not allowed. In addition, it is not clear how to interpret the text in case when two HARQ-ACK codebooks are configured with sub-slot and slot respectively.
Our proposal is as follows.
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.
For different HARQ-ACK CB case, it is related to the other email thread. Our proposed text is also provided in order to avoid potential misunderstanding.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]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.

	Nokia/NSB
	Support the TP. We think that having a compact TP for sub-slot on top of what is in the spec for slot would be sufficient in this case. Since it can be understood that the terminology sub-slot is used when subslotLength-ForPUCCH is provided, a duplication of the same paragraph for sub-slot is therefore not necessary. In addition, we are not sure the term “associated with the same HARQ-ACK codebook” in CATT’s TP would help to clarify the OoO restriction, because it implies that there is no restriction for the case HARQ-ACK associated with different codebooks for this completely OoO scenario.

	CMCC
	Support this TP in principle and share similar view with CATT that out-of-order restriction should be clarified for both same HARQ-ACK CB and different HARQ-ACK CB. Our proposal is as follows:
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 associated with the same HARQ-ACK codebook assigned to be transmitted in a slot before slot j or a sub-slot before sub-slot j.
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.

	 ZTE
	It seems Nokia’s TP for OoO restriction is intended for both the same and different HARQ-ACK codebooks. For the same HARQ-ACK codebook, we are fine with the intention of this TP.
 
But, in case of OoO for different HARQ-ACK codebooks, is it a correct understanding this TP is only for the case when the two PUCCHs with HARQ-ACK are transmitted in different sub-slots? For OoO (but not overlapping) in the same slot/sub-slot, it will be discussed in the other email thread?  If so, we are fine with this TP. 
 
If we will discuss OoO (but not overlapping) in the same slot/subslot here. We’d like to have some clarifications for this case among companies. Firstly, we would like to clarify what’s the UE behavior for in-order case. For instance, a UE is configured with two 7-symbol sub-slot codebooks with different priorities, and the two PDSCH-to-PUCCHs is in order. Then, is it allowable for UE to transmit both two PUCCHs in a same sub-slot? In other words, does the agreement that there is only one PUCCH transmission in one sub-slot is applied per HARQ-ACK codebook? If the answer is yes, we are fine with the TP here. Because, eventually there are two PUCCHs are transmitted in one sub-slot, it’s OK for in-order case but it would increase UE complexity in case of OoO. But if the answer is no, i.e., the UE can only transmit one PUCCH(the high priority one) even in case of in-order. Then, we don’t see any difference in terms of UE complexity between in-order case and OoO case. Because, anyway the UE only transmits one PUCCH with high priority and the low priority would be dropped. Thus, OoO (but not overlapping) in the same slot/subslot could be supported. 

	LGE
	Fine with the TP from CMCC for the same HARQ-ACK codebook case.
For different HARQ-ACK codebook case, I also would like to ask/confirm if this is only about “non-overlapped” case. Assuming “overlapped” case is handled in [100b-e-NR-L1enh-URLLC-Scheduling and HARQ-01], we are fine with TP from CMCC for different HARQ-ACK codebook case as well (with one minor update below for consistency between two paragraphs).
 
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 associated with the same HARQ-ACK codebook assigned to be transmitted in a slot before slot j or a sub-slot before sub-slot j.
 
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 associated with a different HARQ-ACK codebook assigned to be transmitted ending earlier than the start of the HARQ-ACK for the first PDSCH.
 

	OPPO
	Fine with the TP from CMCC for the same HARQ-ACK codebook case.
For different HARQ-ACK codebook case,out-of-order in CMCC's proposal is determined by the ending of first HARQ-ACK and starting of second HARQ-ACK, as shown in the following figure. it seems too loose to determine out-of-order, so we suggest to modify as the starting of first HARQ-ACK.
<image008.png>
In addition, for any combination of two HARQ-ACK codebooks, e.g. sub-slot +slot, slot+slot, and sub-slot+sub-slot with the same or different subslot lengths, solution is unifined.So it is not necessary to restrict specific slot/sub-slot index i,j for PDSCH and HARQ. So we suggest to simplify CMCC' proposal further.
 
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 endingstarting earlier than the start of the HARQ-ACK for the first PDSCH.

	Samsung
	As pointed out by ZTE, for different codebook case, UE should transmit one of two PUCCHs associated with different codebook in a slot/sub-slot. It does not need to specify out of order restriction. That does not mean that it needs new UE behavior for prioritization on two non-overlapping PUCCHs in a slot/sub-slot. Instead, since UE has a capability of transmitting only one PUCCH in a slot/sub-slot, gNB should make sure to schedule to a UE properly. So, I think that there is no need to specify “the same HARQ-ACK codebook” and “the different HARQ-ACK codebook”, separately. It is better to describe in general like CMCC or CATT without condition on codebook.

	Ericsson
	First, there is no need to address overlapping PUCCH carrying HARQ-ACK in this email thread (e.g., OPPO figure). Overlapping PUCCH is handled in email thread #1.
 
Then, two HARQ-ACKs are out-of-order if HARQ-ACK corresponding to later PDSCH ends before the start of HARQ-ACK meant for earlier PDSCH. These HARQ-CBs can be slot or sub-slot based or mixture of both (one is slot and other is sub-slot based). Moreover, if both HARQ-ACKs CB are sub-slot based, they may use different sub-slot configurations. 

To avoid the difficulty of defining the sub-slot, and describing the various slot/sub-slot combinations, it is sufficient to remove the restriction of ‘slot’ while maintaining the description of timing. The proposed TP is:

“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  with its end symbol before the start symbol of HARQ-ACK assigned to be transmitted for first PDSCH.”
 
 

	vivo
	We share the similar view with CATT and CMCC that out-of-order restriction should be clarified for same HARQ-ACK CB and different HARQ-ACK CB respectively.
In case of same HARQ-ACK CB, PUCCHs for different PDSCHs would be both slot or sub-slot based. So it is sufficient to say PUCCH for the second PDSCH is not assigned to be transmitted in a slot or a sub-slot before that for PUCCH transmission for the first PDSCH.
In case of different HARQ-ACK CB, as companies pointed out, PUCCHs for different PDSCHs could be either slot or sub-slot based. So it should be clarified that PUCCH for the second PDSCH is not assigned to be transmitted in a slot or a sub-slot with its ending symbol before the starting symbol of the PUCCH for the first PDSCH.
We think CMCC’s or LG’s proposal would be fine.

	Spreadtrum
	Similar view with CMCC and LGE, we are fine with the TP provide by LGE.
For overlapping case, we can have another TP to solve it.

	Nokia/NSB 
(2nd iteration)
	With the clarification above from the FL, we think that the OoO restriction for the case of different codebook should be defined. In this case, we are fine with the latest version of the TP from LGE in principle. However, we think that the wording should be more precise:
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 associated with a different HARQ-ACK codebook assigned to be transmitted on a resource ending earlier than the start of the resource carrying HARQ-ACK for the first PDSCH.
 
For the case of same codebook, the updated TP from CMCC is not far from our original TP, so we are fine with that.

	MediaTek
	We support the TPs provided by CMCC, LGE and Nokia



Samsung further raised a question on whether the limit of one PUCCH transmission carrying HARQ-ACK is per slot/sub-slot per codebook or not. The companies views on this topic is captured in the table below:

The limitation of one PUCCH-HARQ per slot/subslot is defined per codebook.    
	Company
	Comment

	CATT
	As we commented earlier, our understanding is that the limitation of one PUCCH-HARQ per slot/sub-slot is defined per codebook.
For the sentence in clause 9, it is for each HARQ-ACK codebook in our view. Otherwise, assuming UE is configured with a slot-based CB and another sub-slot-based CB, sub-slot configuration would be applied to slot-based CB as well which is obviously not our intention. In addition, if the limitation is not per HARQ-ACK CB, it is not clear to me what is the time unit in which there is up to one PUCCH especially considering different slot/sub-slot configurations for two CBs, e.g. case 1 in the figure.
 
While we agree that both cases in the figure are valid, the TP from Yufei is not correct since PUCCH resource overriding within the slot/sub-slot for the same CB is also precluded by the TP. That is the reason we need to separate same CB and different CBs in the TP.
[Update] @Yufei, we have a separate sentence to address the out-of-order situation between two codebooks in the table below. 
If I understand correctly, the intention of the following proposal (latest one from Debdeep) is to cover both same CB and two CB cases. For two HARQ-ACK CBs, how could this setence preclude out-of-order of the two CBs within the same slot/sub-slot?
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   on a resource whose with its end symbol isending before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, where the two resources are in different slots or different sub-slots.

	vivo
	We think case 1/2 are valid.
The TP by Ericsson may preclude the case that a first PDSCH 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 slot j or sub-slot j, where the PUCCH for the second PDSCH is to be transmitted ending earlier than the start of the PUCCH for the first PDSCH. If so, it will change the Rel.15 behavior, i.e. such in-order scheduling will be precluded.
We share the same view as CATT that separating same CB and different CBs in the TP is needed.

	 ZTE
	 We acknowledge that the current spec is not clear. That's why we want a clarification here. We think there are both pros and cons no matter which interpretation we will choose. 
- Interpretation 1: The limitation is not per HARQ-ACK CB. Our understanding is the limitation of one HARQ-ACK transmission should satisfy for each HARQ-ACK CB. That is,
only two PUCCHs with HARQ-ACK can be transmitted for Case 1 above. The drawback is that there are less PUCCH transmission occasions. But it's no need to have OoO 
restrictions in case of two HARQ-ACK CBs. That means even if gNB has already assigned a first PUCCH with low prioirty HARQ-ACK of CB2 in Case 1, and later on URLLC
traffic arrives, gNB can still assign a second PUCCH with high priority HARQ-ACK of CB1 with its ending symbol earlier than the starting symbol of the first PUCCH. 
- Interpretation 2: The limitation is per HARQ-ACK CB. It has more PUCCH transmission occasions while cannot support OoO since both PUCCHs needs to be transmitted. 
 
We are generally open for above two interpretations. But we need first have a conclusion on this before further discussing the TP. 

	Nokia/NSB
	Considering the case when one codebook is slot-based with HARQ-ACK is at the end of the slot and another codebook is 2symb*7 sub-slot based and assuming HARQ-ACK is transmitted at the first sub-slot. If HARQ-ACKs are in-order, both should be transmitted since they are not overlapped. Similarly, if two HARQ-ACK codebooks with associated PUCCHs are in the same sub-slot (e.g. figure above by FL) and HARQ-ACKs are in-order then there is no point to drop one of them. By saying this, we think that the limitation of one PUCCH-HARQ per slot/subslot is defined per codebook.
We also provide our view (2nd iteration) to the TP in the earlier table.

	LGE
	We think the restriction of one PUCCH per slot/subslot is defined per HARQ-ACK codebook. Otherwise, there is ambiguity on how to figure out the one PUCCH especially when two PUCCH-Config for two HARQ-ACK codebooks have different subslot lengths. 

	OPPO
	Firstly, the restriction of one PUCCH per slot/subslot is defined per HARQ-ACK codebook.
Secondly, two HARQ-ACK codebooks and  more than one PUCCH within one slot are separate UE feature groups. Here, more than one PUCCH within one slot (different from sub-slot based PUCCH) is defined in terms of number of PUCCH within one slot. For example, if two slot-based HARQ-ACK codebooks are configured, whether to allow two PUCCH for two slot-based HARQ-ACK codebooks to transmit within one slot depends on  whether the feature group that more than one PUCCH within one slot is reported or not.

	Sony
	We believe that both cases are valid, i.e. it is one PUCCH per slot/sub-slot per HARQ-ACK codebook.
We do not think Yufei’s proposal is correct before for the same codebook, you are allowed to schedule a PUCCH from a later PDSCH earlier than a PUCCH from an earlier PDSCH in the same slot or sub-slot.  These PUCCH will of course be multiplexed together.  We can either describe it in two scenarios one for same codebook and another for different codebooks as per LGE’s TP below or somehow clarify the case for the same codebook and the PUCCH in the same slot/sub-slot.

	MediaTek
	Both cases are valid.

	HW/HiSi
	The limitation for HARQ-ACK per slot/sub-slot should be defined for each HARQ-ACK codebook. Otherwise, for the case that two HARQ-ACK codebooks are configured with different sub-slot/slot configurations, it will hard to apply the limitation. 

	Ericsson
	We acknowledge the understanding that limitation of one PUCCH-HARQ per slot/sub-slot is defined per codebook. The two cases shown by Kianoush are allowed, and no dropping is applied due to no overlapping. These are already covered by the spec in our view.  
 
Regarding OOO TP, the problem with CATT and CMCC proposals in Yanping email is that it does not address the out-of-order situation between two codebooks, which may have different (sub-)slot configuration. Our intention is very close to LG/Nokia version, except that we try to avoid phrases like ‘slot i’, ‘slot j’, ‘sub-slot j’, which appear to be unnecessary.
 
To address the issue of un-intentionally preclude two HARQ-ACK mapping to the same CB, a revised version is provided below, borrowing Nokia phrases.
 
“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   on a resource whose with its end symbol is before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH.”
 

	Samsung
	Yes, in view of implementation point of view, I agree that it seems more clear that limitation of PUCCH is per codebook regardless of sub-slot/slot when two-codebooks are configured. It anyhow seems that it needs to make a another agreement or TP to support this procedure since current specification does not say explicitly. Maybe, this point will be discussed later.
Going back to OoO procedure, my preference is a way of E// proposing. But, it is still not solving the issue on the same HARQ-ACK codebook because “a resource” and “different resource” could be interpreted as scheduled resource. Maybe, E//’s intention is that it is multiplexed resource. So, there might be some ambiguity between them for above text. So, it needs to add one sentence for clarity as follows.
“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   on a resource whose with its end symbol is before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, where two resources are in different slots or different sub-slots”

	Intel
	We also consider both the above examples as valid.
 
Further, it seems the latest version from Ericsson, with the additions from Samsung should work. Some minor suggestions below (with yellow highlighting), e.g., we can remove mentioning of “symbol” as well.
 
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   on a resource whose with its end symbol isending before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, where the two resources are in different slots or different sub-slots.
 
Updated based on feedback from CATT:
 
Agree with CATT that it’d be better to split same and different CBs cases; also, better to avoid using “sub-slots”. Below is another attempt at a possible TP:
 
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   on a resource whose with its end symbol isending before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, where the two resources are in different slots or different sub-slots of length<image002.png> or as indicated by subslotLength-ForPUCCH, if provided for the HARQ-ACK transmission, if the HARQ-ACK for the two PDSCHs are associated with the same HARQ-ACK codebook.
 
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   on a resource whose with its end symbol isending before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, if the HARQ-ACK for the two PDSCHs are associated with the different HARQ-ACK codebooks.
 



After further modifications to the TP and discussions on the limit of PUCCH-HARQ transmission per sub-slot/slot, the companies shared their views as follows:

Proposal #1: The limitation of one PUCCH-HARQ per slot/subslot is defined per priority of HARQ-ACK codebook.    
	Supporting By
	LGE, Samsung (if priority is added), CATT, Nokia/NSB, Sony

	Not Supported By
	 



Proposal #2: Adopt the following TP for avoiding out-of-order HARQ (with no PUCCH overlap)
 
	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   on a resource whose with its end symbol is ending before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, where the two resources are in different slots or different sub-slots of length<image002.png> or as indicated by subslotLength-ForPUCCH, if provided for the HARQ-ACK transmission, if the HARQ-ACK for the two PDSCHs are associated with the same priority of HARQ-ACK codebook.
 
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   on a resource whose with its end symbol is ending before the start symbol of a different resource for the HARQ-ACK assigned to be transmitted for first PDSCH, if the HARQ-ACK for the two PDSCHs are associated with the different priority of HARQ-ACK codebooks.


 
	Supporting By
	LGE, Samsung (if priority is added), Sony (OK with original with editorial made by vivo above and also ok with Nokia’s latest proposal above)

	Not Supported By
	 


 
If not supported, please share your concerns/reasons in the table below:
	Company not supporting Proposal #2
	Comments 

	 
	 

	 
	 



The proposed TP above went through multiple rounds of edits; the final TP for agreement is as follows:

Proposed TP:
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 and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, where each slot is composed of [image: ] symbols [4] or a number of symbols indicated by subslotLength-ForPUCCH if provided, if and if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebook of the same priority. 
In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities. 
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 m, with N=13 for m=0, N=13 for m=1, N=20 for m=2, and N=24 for m=3.
 5         Final Agreement  
Finally, the following conclusion were made:

Conclusion:
The limitation of one PUCCH-HARQ per slot/subslot is defined per HARQ-ACK codebook with a given priority.










Further, the proposed text for Section 5.1 of TS 38.214 was agreed:

	Summary of changes

	Incorporate the agreements from email discussion [100b-e-NR-L1enh-URLLC-Scheduling and HARQ-02] to section 5.1 of TS 38.214.  


	Specs/Sections impacted 

	Section 5.1 of TS 38.214


	Consequences if not approved  

	The spec is incomplete.




Text Proposal:
---------------------------------Start of Text Proposal on TS 38.214 v16.1.0----------------------------------------
10.1	UE procedure for determining physical downlink control
<Unchanged parts are omitted>

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 assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, in a slot before slot j where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of  symbols [4] or a number of symbols indicated by subslotLength-ForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities. 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.
<Unchanged parts are omitted>

--------------------------------------End of Text Proposal on TS 38.214 v16.1.0------------------------------------
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