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Introduction
According to discussion at the preparation phase, the following email thread is allocated by Chairman for further discussion:
[100b-e-NR-L1enh-URLLC-IIoTenh-01] Email discussion/approval regarding SPS PDSCH collision handling including sections 2.1 and 2.2 of R1-2002721 till 4/24, with potential TP for approval till 4/29 (LGE, Hyunho)
To address the identified issues from companies’ contributions related to the above email thread, the suggestions for the issues are provided in Section 2. In Section 3, a few open issues identified are listed up so companies are encouraged to provide your input/feedback in the next meeting in order to facilitate the discussion. In section 4, the outcome from RAN1#100b-e are provided including all the agreements and all the endorsed TPs.    

Email discussions 

Issue 2.1 SPS PDSCH collision handling

According to discussion in RAN1#100e, two options are on the table.

	In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH, 
Option 1: 
· 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: 
· 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




Option 1 was originally brought up as a simple mechanism, however, it turned out to be not that simple due to the necessity on how to choose SPS PDSCHs to be actually received at UE side. Thus, both options have specification impact to some extent. Some companies think option 2 would provide more transmission opportunities in some cases while other companies think the gain can be achieved in very limited scenario (i.e., the number of overlapped PDSCHs is larger than 2 where the low-priority SPS PDSCH with higher index is overlapping with two non-overlapped high priority SPS PDSCHs). 
For option 1, one aspect which requires further consideration would be how to handle if the number of the selected SPS PDSCHs exceeds UE capability on the number of unicast PDSCHs per slot, which needs further discussed (or any proponent of option 1 can provide any method to address this aspect!). 
Meanwhile, it can be observed that some companies bring up the need to clarify the interaction of semi-static UL/DL configuration if any conflict happens. In fact, I think this aspect would need to be addressed for both options. With addressing this aspect by adding “after excluding SPS PDSCHs overlapping semi-static UL symbols”, the following two options can be a starting point for discussion. Companies are encouraged to provide your feedback (or editorial correction) if any on the below options:

Proposal 1-1: In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH after excluding SPS PDSCHs overlapping semi-static UL symbols, 
Option 1: 
· 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: 
· 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

Comment:
	Company
	Preferred option
(Option 1 or 2)
	Comment if any

	Nokia, NSB
	Option 2
	Option 2 provides more transmission opportunities than option 1 and also takes the UE capability on the maximum number of unicast PDSCHs per slot already into account.

	 Apple           
	Option 2
	 With Option 2, the conflict with UL symbols should be handled also by including "“after excluding SPS PDSCHs overlapping semi-static UL symbols” as suggested by the feature lead. 

	 DOCOMO
	 Option 2
	We share same views as Nokia. In addition, considering at most 8 SPS configurations in a BWP of a serving cell can be configured, the use case that can show the benefits of option 2 is not a corner case.

	vivo
	Option 2
	1)     Option 2 has clear definition of  ‘the group’ 
2)     Option 2 can avoid unnecessary dropping of SPS PDSCH and yield best performance
3)     Option 2 can be one unified solution for the following cases
a)       Overlapping of a group of SPS PDSCHs without considering UE capability restriction
b)       When UE indicates a capability to receive a number of X PDSCHs in a slot, but UE is configured to receive more than X SPS PDSCHs in a slot, regardless of whether X SPS PDSCH are overlapped or not

	Samsung
	Option 2
	We share same views with companies supporting option 2. Also, the sentence “after excluding SPS PDSCHs overlapping semi-static UL symbols” should be considered before resolving overlapping SPS PDSCHs. 
[Update]
For option 1, actually, which SPS PDSCH is first and last SPS PDSCH in a group is not that clear in view of UE implementation. Furthermore, it is not quite clear how first SPS PDSCH and last SPS PDSCH in defined in specification. So, UE first may need to find which SPS PDSCH is first and last SPS PDSCH in a group with iterative way when the UE makes group of overlapping SPS PDSCHs. So, we could not say that option 1 is simpler than option 2 as FL mentioned in terms of specification and UE implementation. On comment that gNB can avoid SPS overlapping issue, it looks like that we don’t need to support SPS overlapping itself although overlapping SPS PDSCH was agreed in last RAN1 meeting. So, it cannot be argument to support option 1. 

	OPPO
	Option 1
	Option 1 is simple. Moreover, more transmission opportunities can also be implemented by gNB's reasonable resource allocation. Different from Rel-15 PUCCH multiplexing group, SPS resource is assigned by gNB semi-statically and collision can be predicted. So gNB can avoid unneccessary collision by reasonable resource allocation.

	CATT
	Option 2
	We share the same views with companies supporting option 2. And we also think that SPS PDSCH colliding with semi-static UL symbol(s) should be excluded before SPS PDSCH overlapping handling.

	QC
	Option 1
	Option1 as it is simpler and in general more efficient. Resolving the collision based on configuration index may end up with a scenario that in a slot where overlapping occurs, high priority SPS configurations are dropped (only one with lowest index may survive), but low priority SPS remains (priority goes to HARQ-ACK!)

	MediaTek
	Option 1
	Option 1 is simpler approach, and Option 2 adds complexity without proven benefit.
 
Option-1 and Option-2 will result the same outcome in many cases, such as:
1) The number of the overlapped SPS PDSCHs is two.
2) The SPS PDSCH with the lowest index overlaps with all the SPS PDSCHs with higher indices.
3) Even if for the case where Option-2 resulted in more than one non-overlapped SPS PDSCHs, it is not necessarily these PDSCHs will carry data, especially multiple SPSs are configured for the same service (due to the non-integer periodicity of the traffic). Thus, Option-1 and Option-2 will result the same outcome in terms of the received data/PDSCHs by the UE.
 
The outcome of Option-2 could be different from Option 1 in very limited conditions, i.e. the number of overlapped PDSCHs is larger than 2 where the low-priority SPS PDSCH (with higher index) is overlapping with two non-overlapped high priority SPS PDSCHs and these PDSCHs contain data in that slot. There is no use-case for having large number of overlapped SPS PDSCHs (e.g. why there is a need to have 4 overlapped SPS PDSCHs?). Introducing more complex procedures should be based on realistic use-cases rather than arbitrary assumptions. Therefore, there is no enough justification to adopt Option 2.

	ZTE
	Option1
	Share the same view with OPPO and QC. For the question from the FL, the gNB can avoid configurating much SPS PDSCHs beyond the UE capability on the number of unicast PDSCH per slot.

	Panasonic
	Option 1 
	We share the same view with OPPO, Qualcomm, and MediaTek that Option 1 simpler. While Option 2 would be beneficial from URLLC perspective of PDCCH overhead reduction. Two types of UE features could be considered. One is only Option 1 and the other is to support both Option 1 and Option 2 as enhancement.

	HW/HiSi
	Option 2
	For the same reasons as other companies supporting Option 2.

	WILUS
	Option1
	We share same views with companies supporting Option 1, i.e., Option 1 is simper. Also, if multiple survived SPS PDSCHs in a slot are needed, gNB may configure SPS configurations properly.

	Spreadtrum
	Option 1
	Unlike PUCCH/PUSCH multiplexing, there are so many types of UCI on PUCCH and semi-static/dynamic PUSCH transmission, thus we support a complexity procedure for UCI multiplexing on PUCCH/PUSCH. But SPS PDSCH configurations are configured by gNB. There are up to 8 SPS PDSCH configurations per BWP per cell. So it is much easier for gNB to void so many SPS PDSCH resources overlaps.

	Intel
	Option 1
	As mentioned in our tdoc and by several companies above, the apparent benefits of Option 2 are limited to rather extreme cases with more than two PDSCH occasions overlapping in some very particular configurations w.r.t. their relative overlaps and the configuration indices. On the other hand, Option 1 is simpler (no iterative process), and caters to the typical use cases envisioned for use of the feature of multiple DL SPS configurations per BWP.  
Regarding the issue of max number of unicast PDSCHs per slot, it can be left up to gNB implementation to ensure that the resulting number of SPS PDSCHs do not exceed the UE’s capability.  

	Ericsson
	Option 2
	We agree with benefits described by other companies for Option 2.
Regarding complexity, we do not see the concern. Once the SPS configurations are activated, it is very simple to figure out the surviving PDSCHs in each slot. Since SPS configurations are periodic, this procedure needs to be done one time only.
Due to the lowering of min periodicity to 1 slot, and the maximum of 8 SPS configurations, overlapping SPS PDSCHs is not a rare or extreme.

	LGE
	Option 1
	   Complexity: Similar but option 1 seems slightly simpler. Regardless of the option, the overlapping handling among SPS PDSCHs would be done in semi-static manner according to activated configurations. This would be not done in dynamic manner. So, even iteration(s) in option 2 seems not that problematic. 
   Specification efforts: Given the discussion in RAN1#100e, option 1 has also some description on how to define the group. Thus, specification efforts will be there for both options to some extent even though it cannot be easily measured.
   Benefit: Controversial. Option 2 can obviously provide more transmission opportunities than option 1 in some scenarios, but this gain may (or may not) be marginal depending on whether such scenario is likely to happen very often (e.g., the number of overlapped PDSCHs is larger than 2 where the low-priority SPS PDSCH with higher index is overlapping with two non-overlapped high priority SPS PDSCHs). 
   Completeness: For option 1, two aspects are discussed. One is how to handle the number of SPS configurations exceeding UE capability. Some companies think this can be handled by gNB implementation not to go beyond UE capability. Maybe some specification impact seems required (e.g., a UE is not expected…) to ensure that.  Another is whether the definition of ‘group’ in option 1 is clear or not. As option 1 was formulated during the discussion at the last meeting, I believe that option 1 can provide overlapping handling without ambiguity once SPS configurations are configured by RRC. Thus, I think this is non-arguable. (If this is not the case, option 2 should be selected) In summary, our understanding is that both options have no identified defect in terms of completeness.
Based on the above observations and input so far, we do not have a strong view but slightly prefer option 1. 



Regarding issue 2.1, we have been discussed the issue since the last meeting but still it looks like far away from convergence. It should be noted that we have spent two meetings on this issue already so it should be concluded at this time. Some observations are given as below.
· Complexity: Regardless of the option, the overlapping handling among SPS PDSCHs would be done in semi-static manner according to activated configurations. This would be not done in dynamic manner. So, it seems this is not the important criterion. 
· Benefit: Controversial. Option 2 would provide more transmission opportunities than option 1 in some scenarios, but this gain may (or may not) be marginal depending on whether such scenario is likely to happen very often (e.g., the number of overlapped PDSCHs is larger than 2 where the low-priority SPS PDSCH with higher index is overlapping with two non-overlapped high priority SPS PDSCHs). Unfortunately, there was no further input from proponent of option 2 on if the benefit is meaningful or if such scenario is a corner case. 
· Completeness: For option 1, two aspects are discussed. One is how to handle the number of SPS configurations exceeding UE capability. Some companies think this can be handled by gNB implementation not to go beyond UE capability. Maybe some specification impact seems required (e.g., a UE is not expected…) to ensure that.  Another is whether the definition of ‘group’ in option 1 is clear or not. Given the discussion, my understanding is that option 1 has the definition of “group of overlapped SPS PDSCHs” and how to make each group is up to UE. So I think this is non-arguable. 
Option 1 (9 companies): OPPO, QC, MTK, ZTE, Panasonic, WILUS, Spreadtrum, Intel, LGE
Option 2 (8 companies): Nokia/NSB, Apple, DCM, vivo, Samsung, CATT, HW/HiSi, Ericsson

After a long debate, even though we cannot make a consensus, most companies who has been originally supporting option 1 (except 1 company) showed their willingness for compromise toward option 2. After some discussion, some updates are applied to option 2 (only for clarity, I believe the intention/behavior is the same as original option 2), and my recommendation is to live with the updated option 2 for the sake of progress. 
 
Proposal 1-1a: 
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH after excluding SPS PDSCHs overlapping semi-static UL symbols,
· 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 survivor SPS PDSCH in step 1 and any other SPS PDSCH(s) overlapping (even partially) with the survivor SPS PDSCH in step 1 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
 
	Company
	Can you live with option 2? (YES/NO)

	Nokia, NSB
	Yes

	Apple          
	Yes

	DOCOMO
	Yes

	vivo
	Yes

	Samsung
	Yes

	OPPO
	NO, gNB ensure no overlapping

	CATT
	Yes

	QC
	YES

	MediaTek
	No objection

	ZTE
	Yes    NO, gNB ensure no overlapping

	Panasonic
	YES

	HW/HiSi
	Yes

	WILUS
	Yes

	Spreadtrum
	Yes

	Intel
	Yes

	Ericsson
	Yes

	LGE
	YES


 
TP for proposal 1-1a
Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, partially or fully overlapping in time, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex. after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒         Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒         Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒        Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒        Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast PDSCHs in a slot supported by the UE
 <Unchanged text is omitted>


 
Comment:
	Company
	Support or not support
	Comment if any

	Nokia, NSB
	Support
	We are fine with what is here, but to address Jing’s concern the following green part could be added: 
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot and at least two or more of the PDSCH are partially or fully overlapping in time, partially or fully overlapping in time, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex. after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more SPS PDSCHs as specified below.
 

	Samsung
	Support (with small modification)
	To be more precise, we prefer “j is not smaller than  j is equal to” because there is no event such that j is larger than the number of unicast PDSCHs in a slot supported by the UE considering that the value of j increases by one.
However, we are open to discuss further if there are better sentences than current version.  
[FL] I think you are correct. I updated and let’s hear others’ views. 

	QC
	Partially support
	How come the pseudo code covers the removed text about UE capability? I think that easier to bring it back, if we don’t want to make the pseudo code complicated
[FL] It seems people are worried, so I just put it back. 

	CATT
	Support 
	We agree that the pseudo code can cover the selection of up to N SPS PDSCH(s) according to UE capability even if all the SPS PDSCHs are TDMed so the next paragraph can be removed. But if companies prefer to keep it, it is also fine. For the selection of up to N (N>1) SPS PDSCH(s) according to UE capability even if all the SPS PDSCHs are TDMed, it can be covered by the pseudo code as it is. Alternatively, we can add the additional condition to the pseudo code as suggested by Nokia and modify the next paragraph to include the case. We are fine with either way.

	vivo
	Support
	As CATT commented, the pseudo code can cover the selection of up to N SPS PDSCH(s) according to UE capability even if all the SPS PDSCHs are TDMed so the next paragraph can be removed. We are also is fine if companies prefer to keep it. For the selection of up to N (N>1) SPS PDSCH(s) according to UE capability even if all the SPS PDSCHs are TDMed, it can be covered by the pseudo code as it is. We prefer to keep it. We have discussed the case that UE is capable of single PDSCH reception but there is more than one SPS PDSCH within a slot. It does not make sense to ignore the case that UE is capable of two PDSCH receptions but there are more than two SPS PDSCHs within a slot.

	OPPO
	Partially support with modification (if TP is required)
	we have the same concern as MediaTek proposed on complexity. We follow the same logic, we just pick the N SPS-PDSCHs with the lowest indices which are not overlapped with each other, where N is the number of unicast PDSCHs in a slot supported by UE.
In addition, For SPS PDSCH with higher SPS configuration index is not required to check whether it is overlapped with receive/decode SPS PDSCH configuration in step 2 due to it  may exceed the number of  unicast PDSCH which UE is capable to receive.  So we delete original step 2.
 
We make a modification highlighted by purple based on TP to address  our concern on complexity
_____________________________________________________________________________________
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, partially or fully overlapping in time, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex. after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
· Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated PDSCHs without corresponding PDCCH transmissions within the slot. Set P as empty.
· Step 1: If a PDSCH in Q does not overlap with any PDSCH(s) in P, a UE receives a SPS PDSCH ,with the lowest configured sps-ConfigIndex within Q, which does not overlap with any PDSCH in P, set j=j+1. Move the received PDSCH from Q to P.
· Step 2: The survivor SPS PDSCH in step 1 and any other SPS PDSCH(s) overlapping (even partially) with the survivor SPS PDSCH in step 1 are excluded from Q.
· Step 2: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast PDSCHs in a slot supported by the UE
______________________________________________________________________________________
In addition, we agree with Klaus and Ali, we do not need the same pseudo-code for all cases and not remove existing description. We'd better to keep the existing description at least to address the case that UE is capable to receive one unicast PDSCH .

	LGE
	Support
	





Issue 2.2 Collision between dynamic scheduled PDSCH and multiple SPS PDSCHs
In case dynamic scheduled PDSCH and multiple SPS PDSCHs are overlapped in time domain, UE behavior on how to resolve such overlapping case is currently unclear, which needs to be addressed. In fact, this issue has also been discussed since the last meeting, and the following two options were on the table. 
· 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.
For option 2, this option may be problematic since the UE may miss DL assignment for dynamic scheduled PDSCH in which case it may result in the misalignment of HARQ-ACK codebook between gNB and UE sides. Also, option 2 does not consider the processing timeline, which implies that dynamic scheduled PDSCH is always prioritized regardless of the timeline defined in Rel-15. In this sense, it seems more reasonable to take option 1 as a way forward. Companies are encouraged to provide your feedback (or editorial correction) if the below proposal based on option 1 is acceptable.
Proposal 1-2:
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).

Comment:
	Company
	Support or not support
	Comment if any

	Nokia, NSB
	Support
	 

	 Apple
	Support 
	 

	DOCOMO
	Support
	 

	vivo
	Not support
	1)     Option 1 will result in unnecessary dropping of SPS PDSCH, as shown in the following figure, both SPS1 and SPS 2 are dropped. But with option 2, we handle the overlapping of DG PDSCH and SPSPDSCH  first then followed by SPS PDSCHs only cases, then DG PDSCH and SPS 2 remain.
2)      For DCI miss detection issue, it is suggested to delete this argument, because neither of these two options can avoid the issue of DCI miss detection. Taking the following figure as an example, assuming that these three PDSCHs are indicated to feed back HARQ-ACK in the same slot and same codebook (i.e. same priority). If DCI is missed, UE will feed back HARQ-ACK for SPS1 in one PUCCH configured for SPS, otherwise, if the DCI is not missed, and with option 1, UE will feedback HARQ-ACK for DG PDSCH in one PUCCH indicated by PRI.
3)     For timeline issue, both options need to take into account since only when timeline is satisfied, DG can be scheduled on the resource overlapping with SPSPDSCH


	Samsung
	Support
	We think that option 1 can provide simpler UE behavior because DG PDSCH does not affect to resolve overlapping SPS PDSCHs. It is not clear that option 2 has better performance than option 1 because all scheduling/configurations are fully up to gNB implementation. 

	OPPO
	Support
	

	CATT
	Support
	 

	QC
	Support
	 

	MediaTek
	Support
	 

	ZTE
	Support
	 

	Panasonic
	Support
	 

	HW/HiSi
	Support
	 

	WILUS
	Support
	 

	Spreadtrum
	Support
	 

	Intel
	Support
	The concern regarding additional time-line considerations arises from the fact that, for Option 2, we need to consider new time-line considerations. For instance, consider the following simple example. 
	
	
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	

	
	
	
	
	
	
	
	

	
	
	


 
 
 
 
 
 
 
 
 
 
 


In this case, the existing time-lines for handling of DG and SPS PDSCH overlaps are defined w.r.t. handling of overlap between DG PDSCH and SPS 3. 
However, with multiple SPS and Option 2, we need to also consider impact on reception (or not) of the other SPS occasions that may precede SPS 3 and DG PDSCH in the slot, and decision of whether or not DG PDSCH is scheduled would determine whether some of these earlier SPS occasions are to be received or not. 
Thus, in the above example, for Option 2, if DG PDSCH is NOT scheduled, then SPS 1 is received; but if DG PDSCH is scheduled, then SPS 1 is also dropped. So, new time-line considerations are necessary for the DG PDSCH scheduling to ensure that the UE can have sufficient time to decide on reception of SPS 1 (and not just the cancelation of SPS 3).

	Ericsson 
	Support
	 

	LGE
	Support
	 




TP for proposal 1-2
Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time after resolving overlapping for PDSCHs without corresponding PDCCH transmissions except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.
<Unchanged text is omitted>


 
Comment:
	Company
	Support or not support
	Comment if any

	Nokia, NSB
	Support
	 

	Samsung
	Support
	 

	QC
	Support
	 

	CATT
	Support
	 

	vivo
	Support
	

	LGE
	Support
	


 

One additional thing I would like to highlight is: what if dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs? Then, I think which PDSCH would be the reference PDSCH for the 14 symbols needs to be addressed. This issue has been just recognized so we can check companies’ views and then the TP can be polished only if we can make a quick consensus; otherwise it can be further discussed in the next meeting. 

Proposal:
If dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs, the reference SPS PDSCH for the 14 symbols is an SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped with dynamic scheduled PDSCH after resolving overlapping for SPS PDSCHs. 
  
Comment:
	Company
	Support or not support
	Comment if any

	Nokia, NSB
	Support
	Well – we had hoped for shorter DG PDSCH overruling in rel-16, but this seems to be unfortunately out of question at this stage as it seems… 

	Samsung
	Support
	We support if the first SPS PDSCH means the earliest SPS PDSCH. 
[FL] Yes. In fact, my intention was an SPS PDSCH having the earliest starting symbol. Is it aligned with your intention?

	QC
	Support the intention 
	I think the text needs to be modified, by adding SPS to reference PDSCH as below:
If dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs, the reference SPS PDSCH for the 14 symbols is an SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped with dynamic scheduled PDSCH after resolving overlapping for SPS PDSCHs. 
[FL] Thanks for your comment. Updated!

	CATT
	Support the update from QC
	We support the proposal but we think it is already covered by the current specification as the cancellation timeline should be satisfied for each DG and overlapping SPS PDSCH pair in our view.
[FL] Yes, it is natural. But if we do not say anything, then the current spec text may allow undesirable scenario (e.g., only part of SPS PDSCHs and PDCCH have >14 symbols gap while others have <14 symbols gap).

	vivo
	Support
	‘having the earliest starting symbol’ is much clearer than ‘the first’

	LGE
	Support
	


 






[bookmark: _GoBack]Open issues to be discussed 

For section 3, it is recommended for companies to take into account the issues carefully and to come back with sufficiently specific options/preference/suggestions to the next meeting so that we can complete RAN1 works on the relevant functionalities with respect to specification. 

Spec text in case of UE supporting 1 unicast PDSCH per slot

For the paragraph in the specification on handling in case of UE supporting 1 unicast PDSCH per slot, there was a short discussion whether to remove or update this part. This part is relevant to what we’ve agreed for issue 2.1. Due to lack of time, there was no enough comment to conclude whether the spec text needs to be removed or to be updated. The following options are provided for further consideration in the next meeting so it is recommended for companies to provide your preference or any other suggestion on this aspect.  

Option 1: Adopt the following text proposal for section 5.1 in TS 38.214: 
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.
<Unchanged text is omitted>


 
Option 2: Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If a UE does not indicate a capability to receive more than one unicast PDSCH per slot, and if there is more than one PDSCH on a serving cell each without a corresponding PDCCH transmission in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, the UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex on the serving cell.
<Unchanged text is omitted>


 
Option 3: Keep the paragraph (no spec change)
This option would not work properly. At least the text should take into account the aspect on conflict with semi-static UL. 
 
Comment:
	Company
	Preferred option
	Comment if any

	LGE
	Option 1 
	We slightly prefer option 1, but we are open to further discuss if deemed necessary.  

	 QC
	Option 2
	Better to clarify, also fine with TP under Opt2

	 Nokia, NSB
	Option 1 
	We are not having a strong view here. But are fine to us – but if there is no need for the paragraph identified, then maybe Option 1 is slightly preferred (but do not object to Option 2 either).  

	 CATT
	Option 1 
	 We prefer option 1 since it is cleaner and can avoid potential confusion.

	
	
	

	
	
	


 








Final outcome from RAN1#100b-e

Agreements:
· 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).

Agreements:
In case of collision in time domain among SPS PDSCHs each without a corresponding PDCCH after excluding SPS PDSCHs overlapping semi-static UL symbols,
1. 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.
0. Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated SPS PDSCHs within a slot
0. 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.
0. Step 2: The survivor SPS PDSCH in step 1 and any other SPS PDSCH(s) overlapping (even partially) with the survivor SPS PDSCH in step 1 are excluded from Q. 
0. 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

Agreements:
· Note: this supersedes the agreed TP to Sec. 5.1 in TS 38.214 from Email discussion [100b-e-NR-L1enh-URLLC-IIoTenh-03]
· Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, partially or fully overlapping in time, a UE is not required to receive a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex. after resolving overlapping with symbols in the slot indicated as uplink by tdd-ULDL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒         Step 0: set j=0-number of selected PDSCH for decoding. Set Q to set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒         Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒        Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒        Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast PDSCHs in a slot supported by the UE
 <Unchanged text is omitted>


Reason for changes
According to the specification, how exactly to determine the SPS PDSCH(s) to be received among a group of SPS PDSCHs is unclear.

Summary of changes
Add the procedure on how to determine the SPS PDSCH(s) to be received among a group of SPS PDSCHs.

Specs/Sections impacted
TS 38.214 Clause 5.1

Consequences if not approved
How exactly to determine the SPS PDSCH(s) to be received among a group of SPS PDSCHs remains unclear.



Agreements:
· Adopt the following text proposal for section 5.1 in TS 38.214:
	5.1        UE procedure for receiving the physical downlink shared channel
<Unchanged text is omitted>
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time after resolving overlapping for PDSCHs without corresponding PDCCH transmissions except if the PDCCH scheduling the PDSCH with C-RNTI or MCS-C-RNTI ends at least 14 symbols before the start of the PDSCH with CS-RNTI without the corresponding DCI, in which case the UE shall decode the PDSCH scheduled with C-RNTI or MCS-C-RNTI.
<Unchanged text is omitted>


Reason for changes
In case overlapping among SPS PDSCHs and overlapping among SPS PDSCH(s) and dynamic scheduled PDSCH happen together, how to determine PDSCH(s) to be received is unclear. 

Summary of changes
Add “after resolving overlapping for PDSCHs without corresponding PDCCH transmissions” into the description on overlapping handling among SPS PDSCH(s) and dynamic scheduled PDSCH

Specs/Sections impacted
TS 38.214 Clause 5.1

Consequences if not approved
In case overlapping among SPS PDSCHs and overlapping among SPS PDSCH(s) and dynamic scheduled PDSCH happen together, how to determine PDSCH(s) to be received remains unclear.


Agreements: 
If dynamic scheduled PDSCH is overlapped with multiple SPS PDSCHs after resolving overlapping for SPS PDSCHs, the reference SPS PDSCH for the 14 symbols is an SPS PDSCH having the earliest starting symbol among SPS PDSCHs overlapped with dynamic scheduled PDSCH after resolving overlapping for SPS PDSCHs. 
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Appendix: Previous relevant agreements 
	RAN1#96
Conclusion:
· It is recommended to support the handling of scenario 1 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to allow the prioritization of configured grant over dynamic grant under some conditions in case of collision in scenario 2 as listed in R1-1814342 in the Rel-16 WI.
· [bookmark: _Hlk2147477]It is recommended to support the handling of scenario 3 as listed in R1-1814342 in the Rel-16 WI.
· [bookmark: _Hlk2297291]It is recommended to support enhancements for scenario 4 and 5 as listed in R1-1814342 in the Rel-16 WI.

Agreements:
For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:
· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
· Note: this may or may not have any RAN1 impact
· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
· Other options are not precluded.

RAN2#105
Agreements in RAN2
	R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID




	RAN1#96bis
Agreements:
· Support separate activation for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations
· Support separate release for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 

	RAN1#97
Agreements:
Regarding Q2 in LS from RAN2, the following is captured:
· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs

Conclusion:
· RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.

	RAN1#98
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

	RAN1#98bis
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 shall be reported (i.e. no dynamic PDSCH HARQ-ACK), RAN1 down-selects the following options:
· Option 1: Multiple PUCCH resources are configured common for all SPS configurations (similar to multi-CSI-PUCCH-ResourceList) per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· FFS: Number of maximum PUCCH resources
· FFS details (threshold for determining PUCCH resource)
· Option 2: Multiple PUCCH resource sets are configured common for all SPS configurations per HARQ-ACK codebook. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. 
· FFS whether or not to configure PUCCH resource sets separately from PUCCH resource set for dynamic-scheduled PDSCH
· FFS whether to configure separate payload range
· The actual PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set is determined by reusing rel-15 HARQ-ACK PUCCH resource determination mechanism for dynamic PDSCH based on the latest activation DCI

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

RAN2#107bis
R2 assumes to support 8 as the maximum number of simultaneously activated SPS configurations per BWP per serving cell.
Introduce SPS/CG index to identify each SPS/CG among multiple SPS/CG configurations, i.e., as in Rel-15 LTE.
The association between “state” (used in the joint release DCI) and the CG configuration(s) for type-2 CG is configured via RRC message.
Each CG configuration is always configured independently, as in Rel-15 LTE. 
The association between “state” (used in the joint release DCI) and the SPS configuration(s) is configured via RRC message, if RAN1 working assumption for joint release for multiple SPS configuration is confirmed.
Each SPS configuration is always configured independently, as in Rel-15 LTE. 
Support simultaneous Type 1 & 2 CG configurations in a BWP.
CG periodicities of any integer-multiple of one slot (FFS if we go even lower, e.g. 2 symb, 7 symb) below a maximum value should be supported. FFS on the maximum value of integer N. 
SPS periodicities of any integer-multiple of one slot below a maximum value should be supported in Rel-16. FFS on the maximum value of integer N.
R2 assumes that HARQ offset parameter is explicitly configured by the network for each CG/SPS configuration.
For CG, HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset.
FFS (for checking) if For SPS, HARQ Process ID = [floor(CURRENT_slot/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, Where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame].
Introduce a new confirmation MAC CE format in Rel-16, which reflects the confirmation of multiple configured grant configurations 

	RAN1#99
Agreements:
In Rel-16, multiple DL SPS configurations can be configured on different serving cells in a cell group.

Agreements:
Support DCI format 1-0, 1-1 and 1_2 for Rel-16 SPS activation and for Rel-16 SPS release.

Agreements:
HPN field in the applicable DL DCI formats with CRC scrambled by CS-RNTI and NDI=0 is used to indicate which SPS configuration is to be activated and which SPS configuration(s) is/are to be released
· M LSB HPN bits is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
· M is determined by the bit length for HPN field for each DCI format for activation and release of SPS configuration(s)

Agreements:
For both type-1 and type-2 HARQ-ACK codebook construction, one HARQ-ACK bit is generated for SPS PDSCH release with a joint release DCI

Agreements:
If the UE is configured with more than one SPS PDSCH configurations, and for type-1 HARQ-ACK codebook construction, 
· For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, or
· For cases where HARQ-ACK feedback for SPS PDSCH release is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, or
· For cases where only HARQ-ACK feedback for SPS PDSCH release shall be reported, 
· HARQ-ACK bit location for SPS PDSCH reception is derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index and K1 indicated in the activation DCI)   
· HARQ-ACK bit location for SPS PDSCH release with a separate release DCI is derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI and K1 indicated in the release DCI)  
· HARQ-ACK bit location for SPS PDSCH release with a joint release DCI is derived based on the TDRA table row index indicated in the activation DCI for SPS PDSCH with the lowest SPS configuration index among the jointly released configurations and K1 indicated in the release DCI
Note: There is no change on the number of HARQ-ACK bits for a PUCCH transmission regardless whether a joint release DCI is present or not.

In Rel-16, when the SPS configurations are released by a joint release DCI, 
· Multiple SPS configurations to be released by the joint release DCI should have the same priority

Agreement
For a rel-16 UE provided by SPS-PUCCH-AN-List a set of PUCCH resources, in case of collision between HARQ-ACK for SPS PDSCH without a corresponding PDCCH and SR for the same priority, reuse Rel-15 rule for collision between HARQ-ACK for dynamic scheduled PDSCH and SR in order to determine the PUCCH resource 

Agreement
For a given SPS configuration activated by DCI format 1_2, the MCS table is determined by reusing Rel-15 mechanism for a SPS configuration activated by DCI format 1_1. 
· No new RRC parameter for mcs-Table is introduced for DCI format 1_2


Working assumption:
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 UE shall report HARQ-ACK feedback only for the SPS PDSCH with the lowest SPS configuration index among collided SPS PDSCHs

Agreement
If the UE is configured with more than one SPS PDSCH configurations, for cases where only HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH shall be reported (i.e. no HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release
· HARQ-ACK bit order for SPS PDSCH reception without a corresponding PDCCH is determined 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index

Agreement
If the UE is configured with more than one SPS PDSCH configurations, and for type-2 HARQ-ACK codebook construction, 
· HARQ-ACK bit order for SPS PDSCH release with a separate/joint release DCI is derived by reusing rel-15 mechanism (i.e., based on DAI and K1 indicated in the release DCI)  
· HARQ-ACK bit order for SPS PDSCH with associated PDCCH is derived by reusing rel-15 mechanism (i.e., based on DAI and K1 indicated in the activation DCI)
· For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, 
· HARQ-ACK for one or more SPS PDSCH receptions without a corresponding PDCCH is appended after HARQ-ACK bits for dynamic scheduled PDSCHs and/or for SPS PDSCH release 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index

	RAN1#100e
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 for 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, for Type-1 HARQ-ACK codebook and without HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release in the slot, or for Type-2 HARQ-ACK codebook, 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.
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