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1	Introduction
The following email discussion was approved for RAN1#100b-e [24]:
[100b-e-NR-L1enh-URLLC-PUSCH-02] Email discussion/approval regarding the issue identified w.r.t.  UCI multiplexing on PUSCH till 4/24, with potential TP for approval till 4/29 (Apple, Sigen)
This contribution documents the discussion and the outcome.
2	UCI multiplexing on PUSCH for PUSCH repetition Type B
There are some open issues regarding UCI multiplexing on PUSCH for repetition Type B, including which PUSCH repetitions the UCI should be multiplexed on, and how to determine the resources for UCI.
3.1 Which PUSCH repetition(s) should UCI be multiplexed on?
Before discussing different proposals, it is worthwhile to understand how Rel-15 works in this aspect.
	First of all, whenever PUCCH(s) and PUSCH(s) overlap, the multiplexing timeline conditions defined in Clause 9.2.5 of TS 38.213 need to be satisfied; otherwise it is considered as an error case.
In terms of which PUSCH(s) the UCI is multiplexed, here is the excerpt from TS 38.213:
	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164]9	UE procedure for reporting control information
< omitted text >
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
< omitted text >


As a very high-level summary,
· Behavior 1: In case PUCCH overlaps with multiple PUSCHs (carrying different TBs) in a slot, UCI is multiplexed in the earliest PUSCH in the slot.
· Behavior 2: In case PUCCH overlaps with multiple PUSCH repetitions (in case of slot aggregation), UCI is multiplexed in all the overlapping PUSCH repetitions (in different slots).
In the end, UCI is multiplexed in at most one PUSCH in each slot.



Generally speaking, for PUSCH repetition Type B, companies think the Rel-15 priority rules for PUSCH when determining UCI multiplexing (see Appendix C) should still be followed, and in case of UCI overlapping with multiple repetitions of PUSCH with repetition Type B, it is good to reuse (some of) the Rel-15 behaviors. But the question is how this should be handled exactly.
First of all, it seems to be the consensus that the collision between UCI and PUSCH should be determined based on actual repetitions.
Proposal 1-1: 
[bookmark: _Hlk33403204]For PUSCH with repetition Type B, the determination of overlapping between PUCCH(s) carrying UCI and PUSCH is based on actual repetitions for PUSCH repetition Type B.
Companies please indicate if you support the proposal or not.
	Yes
	Nokia / NSB, Sony,OPPO,CMCC, CATT, Huawei/HiSilicon, Panasonic, ZTE, Intel, QC, DOCOMO, vivo, InterDigital ,spreadtrm, LG, Sharp, Ericsson, Fujitsu

	No
	



Companies please provide detailed comments, if any. For the companies who do not support the proposal, please provide an alternative proposal.
	Company
	Comments

	 ETRI
	 This proposal is quite related in the succeeding question below, and we would like to postpone this issue until relevant questions are concluded.

	 Motorola Mobility/Lenovo
	 Similar to Rel-15, we think that UE can determine whether PUCCH with UCI and PUSCH can overlap or not in a slot-basis. 

	Samsung 
	We also think this is related on other questions. The proposal may not needed in the end. 



Based on the few companies’ comments, Proposal 1-1 was not further included for discussion because this proposal may or may not be needed. It is more important to make some progress on the more critical aspects and then check back whether the proposal is still necessary or not.


For timeline consideration, there are two different options.
In case of PUCCH overlapping with PUSCH with repetition Type B,
· Option A: Multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all the overlapping actual repetitions. Otherwise it is considered as an error case.
· ZTE[2], vivo[3], Nokia/NSB[4] (2nd preference), Ericsson[6], Intel[11], CATT[12], CMCC[14], Sharp[19], QC[22]
· Option B: It is not required that multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 are satisfied for all the overlapping actual repetitions. UCI multiplexing only occurs on the actual repetition(s) satisfying the timeline conditions.
· Huawei/HiSi[1], Nokia/NSB[4], OPPO[5], Sony[7], InterDigital[17] (?)
· Note: exactly which actual repetitions(s) UCI is multiplexed on is discussed separately.
[bookmark: _Hlk33403256]Companies please indicate which option you support.
	Option A (12)
	CMCC, CATT, Panasonic, Intel, QC, vivo, Spreadtrum, LG, Sharp, Ericsson, Samsung, Apple

	Option B (11)
	Nokia / NSB, Sony, OPPO, Huawei/HiSilicon, ETRI (as nominal repetition), ZTE, DOCOMO, InterDigital, Fujitsu

	Other
	Motorola Mobility/Lenovo (Multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all actual repetitions in an overlapping slot. Otherwise it is considered as an error case. This is same principle as Rel-15)



Companies please provide detailed comments, if any.
	Company
	Comments

	Nokia, Nokia Shanghai Bell
	The reason we suggest for having Option B is, that with the segmentation operation for a longer allocation it will hard for the gNB to guarantee that the first overlapping actual repetition may fullfil the multiplexing timeline.

	 Sony
	Option A is an unnecessary limitation.    

	 CATT
	We think option A follows the same rule as in Rel-15. 

	Huawei,
HiSilicon
	In Rel-16, due to the traffic characteristic of URLLC, if we just simply follow Rel-15 rule, it may increase the delay since UE will not handle this kind of multiplexing due to considering it as error case, then the corresponding scheduling will be delayed to the next chance where timeline is satisfied. In addition, in some case the total duration of PUSCH (e.g. very large number of repetitions and large L) would be very long, which will result in very difficult to satisfy the timeline.

	Panasonic
	We share the same view with CATT.

	ETRI
	In our understanding, each PUSCH repetition is mapped independently and processing timeline can be relaxed from the Rel-15.

	ZTE
	We slightly prefer Option B, which could bring some potential benefits in terms of scheduling flexibility and latency as pointed by Nokia and Huawei. 

	Intel
	Option A is preferred since reuses Rel.15 assumption, while Option B may be OK.

	QC
	Option A follows regular Rel-15 procedure, where gNB should make sure timeline is met for multiplexing, otherwise will be an error case. Besides, with repetition Type B, it should be easy for gNB to make sure multiplexing occur on an actual repetition that meets timeline.

	DOCOMO
	We prefer Option B, while Option A follows Rel-15 rule. As pointed out by several companies, Option A would lead to the case UE cannot meet the latency requirement for URLLC due to the timeline.

	vivo
	We think the same rule defined in Rel.15 should be adopted. If timeline check for UCI multiplexing needs to implemented for Rel.16 UE, it may bring extra overhead and complexity for UE.

	InterDigital
	Option A might be too restrictive for PUSCH repetition type B. Unless a problem is identified Option B is preferred.

	spreadtrum
	We slightly prefer option A since it fits with Rel-15. Otherwise if option B is applied, a new timeline rule for PUSCH repetition type B may needs to be further discussed.

	LG
	Option A is aligned with Rel-15 behavior. At this stage, it is not desirable to introduce any enhanced Rel-16 behavior unless unavoidable. 

	Sharp
	We slightly prefer Option A. Timeline condition issue doesn’t occur for as long as PUCCH starting symbol aligns with PUSCH repetition boundary. The error case may be limited.

	Motorola Mobility/Lenovo
	According to Sub-clause 9.2.5 and Sub-clause 9.2.6 of Rel-15 TS 38.213, the earliest PUCCH or PUSCH among a group of overlapping PUCCHs and PUSCHs is determined on a per-slot basis. If Rel-15 timeline condition is applied to Rel-16 PUSCH repetition type B, the earliest PUSCH of repetition type B among a group of overlapping PUCCHs and PUSCHs in a slot has the earliest first symbol for the first actual repetition within the slot among the group of overlapping PUCCHs and PUSCHs in the slot. For this interpretation, the current spec text is directly applicable without any change.

	Fujitsu
	We prefer Option B.
Option A follows Rel-15 rules. However, it should be noted that in Rel-15 only PUSCH repetition type A is supported. To provide more flexibility to support PUSCH repetitions, PUSCH repetition type B is introduced here which is more complicated than type A. When type B repetition is scheduled/configured, one slot could be full of PUSCH repetitions. In this case, UCI blockage may be not avoidable. In addition, if multiple CGs are configured, the probability of UCI blockage due to too many PUSCH within one slot may increase. 
Hence, although it looks safer, the latency issues for UCI could be behind the Option A.
 

	Samsung
	We prefer to follow Rel-15 rule and support option A. 
And similar as previous one, this depends on other questions and may or may not be applicable. 

	Apple
	We also prefer to follow Rel-15 rule and support Option A.

As commented by Sharp, as long as the PUCCH starting symbol aligns with the PUSCH repetition boundary, the timeline condition is satisfied. So Option A does not mean that the gNB has to delay the scheduling significantly.



The number of supporting companies is relatively close for Option A and Option B, with Option A having one more support company (12 vs 11). Here is the main debating point:
· Option A follows Rel-15 principle, and it is simpler.
· Option B is a further optimization for PUSCH repetition B, which could reduce the scheduling restriction.
The following was proposed based on the very weak majority, but also considering the fact that this follows Rel-15 principle and it is simpler.
Proposal 1-2: 
In case of PUCCH overlapping with PUSCH with repetition Type B, multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all the overlapping actual repetitions. Otherwise it is considered as an error case.
Companies please provide comments if you have strong concerns on the proposal.
	Company
	Comments

	 Sony
	As the FL said, this is a slight majority.  We see this as an unnecessary restriction. 

	OPPO 
	The same opinion as Sony.
In addition, our intention to support PUSCH repetition type B is to reduce latency, however proposal 1-2 introduces additional scheduling restriction and latency,which contradicts our intention.
For Sharp comments, it is clear that scheduling restriction (as long as the gNB aligns the PUCCH starting symbol with the repetition boundary) is required, so latency due to scheduling restriction is not ignored.

	HW/HiSi
	Based on the company positions, it seems there is only one company difference between option A and option B, so probably we can focus on the proposals itself to see which one to pick. As expressed by many companies, the proposal 1-2 here will increase the latency. For URLLC, in our understanding it would be more challenging for gNB to ensure the timeline while avoid increasing the delay of URLLC service. We can understand that following Rel-15 rule is easier for implementation for sure, but now we are in Rel-16 to do enhancements, thus we should focus on the benefit unless significant implantation issue is identified. 

	 
	 

	 
	 



Please indicate if you would object to Proposal 1-2.
	Company
	Comments

	Sony
	The PUCCH is RRC configured and so there may not be a PUCCH resource that starts at Rep#2 in your example.  If FL thinks there isn’t much difference then why not go with Option B given the small (1) majority.  There isn’t really a place for me to comment except for in this Objection box but just to say that I do not have strong objections for Option A.

	OPPO
	The reason as Sony but we have strong objections for Option A.  

	Samsung
	Suggest to consider together with next question. We prefer to provide identify reasonable combinations of “timeline, repetition and resource determination” and down selected together. 

	Huawei/HiSilicon
	In the example, the key question is whether gNB is able to indicate the PUCCH perfectly no early than the start of Rep#2, it would depend on several factors like the available K1 candidate values, the multiplexing of UCI types which may result in some other PUCCH resources not exactly as what gNB indicate for HARQ-ACK only transmission, the potential duration of PUCCH and PUSCH and so on. At least in some cases, gNB is not able to avoid the issue. Then in these cases, either PDSCH for DL DCI is delayed to the next possible chance which will increase the latency, or no HARQ-ACK feedback from UE then gNB will re-schedule the PDSCH which may delay other new transmission also.


 

Which actual repetition(s) should the UCI be multiplexed on?
In terms of whether UCI can be multiplexed in one or more than one actual repetitions, there are diverging views. Part of the reason is that some companies prefer to follow Behavior 1 from Rel-15, while some other companies prefer to follow Behavior 2 from Rel-15. In addition, there are some considerations on the optimized selection of actual repetitions to improve the multiplexing performance. Note that this is independent from the timeline consideration above (Option A or B), and only actual PUSCH repetitions satisfying timeline conditions are considered.
In case PUCCH overlaps with multiple actual repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions,
· Option 1: UCI is multiplexed on the first actual repetition in the first overlapping slot (in case a PUCCH overlaps with a PUSCH with repetition Type B in multiple slots) (It is assumed that companies’ intention is to transmit it only in the first overlapping slot, otherwise it would be Option 3.)
· Huawei/HiSi[1], vivo[3], Nokia/NSB[4], Ericsson[6], Intel[11], InterDigital[17] (?), Sharp[19], QC[22]
· Option 2: UCI is multiplexed on all these overlapping actual repetitions
· ZTE[2], Sony[7] (can consider), Panasonic[8], CATT[12], CMCC[14], MotM/Lenovo[20] (TP provided), Docomo[21]
· Sony[7]: can consider splitting UCI, e.g. HARQ-ACK multiplexed on one actual repetition and CSI multiplexed on another actual repetition
· MotM/Lenovo[20]: UE shall not multiplex UCI on an actual repetition that has less number of REs than the required number of REs for UCI multiplexing
· Option 3: UCI is multiplexed on the first actual repetition in each slot that includes overlapping actual repetitions.
· LG[10]
· Option 4: UCI is multiplexed on the first actual repetition for which the capacity is not smaller than required UCI multiplexing resource.
· OPPO[5], Sony[7]
· OPPO[5]: If no overlapped actual PUSCH satisfies PUSCH/PUCCH multiplexing timeline and UCI multiplexing capacity requirement, then overlapped actual PUSCH(s) are dropped and PUCCH is transmitted.
· Sony[7]: if none of the actual repetitions has sufficient resource, the earliest largest actual repetition is used for UCI multiplexing.
· Option 5: If a PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions from one nominal PUSCH repetition within one slot, UCI is multiplexed on the first actual PUSCH repetitions with largest OFDM symbols. (what if PUCCH overlaps with more than one nominal repetitions?)
· Samsung[13]
· Option 6: Among the PUSCH occasion, HARQ-ACK is multiplexed in the respective overlapped full PUSCH instance, or in the PUCCH otherwise.
· ETRI[15]
· Option 7: UCI can be multiplexed on all overlapped nominal repetitions, and for each nominal repetition with multiple segmented actual repetitions, UCI can only be piggybacked on one or more actual repetitions with largest number of symbols. (the highlighted part needs to be further clarified.)
· Spreadtrum[16]

Here are some questions for companies to consider further:
· Is any special handling necessary if a PUSCH repetition Type B goes across the slot boundary?
· Is an actual PUSCH repetition that is not transmitted also included in the procedure?
· Note that if not considered, there could be ambiguity between gNB and UE. 
Companies are highly encouraged to consider the first few options that reuse some of the Rel-15 principles, given that we are at the CR phase.
Companies please indicate which option you support. 
	Option 1 (11)
	Nokia / NSB (comment see below), Huawei/HiSilicon, Intel, QC, vivo, InterDigital, Sharp, Ericsson, Apple

	Option 2 (8)
	 CMCC, CATT, Panasonic, ZTE, DOCOMO, spreadtrum, LG, Fujitsu

	Option 3 (1)
	 LG 

	Option 4 (2)
	 OPPO, Sony

	Option 5 (1)
	Samsung (UCI multiplexed on first nominal that satisfies the timeline condition.)

	Option 6 (1)
	 ETRI

	Option 7
	 

	Other
	Modified option 2: Motorola Mobility/Lenovo (According to the Rel-15 spec text, UE multiplexes UCI into all the actual repetitions of PUSCH in one or more slots overlapping with PUCCH with the UCI, except for an actual repetition(s) that has less number of REs than the required number of REs for UCI multiplexing)



Should an actual PUSCH repetition that is not transmitted also included in the procedure? (This is not applicable to Option 2.)
	Yes except for orphan symbol
	Ericsson, QC, Samsung, Apple

	No
	Nokia / NSB, Sony, Huawei/HiSilicon, Sharp, Motorola Mobility/Lenovo



Companies please provide detailed comments, if any. Please address the comments in red above.
	Company
	Comments

	Nokia / NSB
	If the group would go for Option B in the first question (i.e. not all need to fulfil the mux timeline) – we have somehow trouble finding that the first one which satisfies the timeline is missing here ? Not sure, but we interpret this as Option 1 with combination of Option B of the first question.

[FL] it is indeed the intention to separate the discussion on timeline conditions (Option A/B) and which repetition(s) to pick among the ones satisfying timeline conditions (Option 1-7). They are orthogonal, and they can be combined to form the complete solution. For example, in your case, Option B and Option 1 can work together.

	 Sony
	The UCI is high priority and hence we need to ensure it can be carried with sufficient reliability.  Simply using the 1st PUSCH (e.g. Option 1) or based on some arbitrary choice can lead to case where the selected PUSCH does not contain sufficient Res to carry the UCI reliably.
An actual PUSCH is deemed to contain sufficient resources if the number of Res (excluding DMRS) can carry  [image: ] modulated symbols or  [image: ] modulated symbols.  Where the TBS for this calculation is based on the nominal PUSCH.

	 OPPO
	Option4: The actual PUSCH repetition multiplexed with UCI should satisfy the two conditions:
1) Multiplexing timeline
2) UCI capacity requirement. To be specific,  the number of Res for UCI multiplexing determined by Rel-15 formula based on nominal repetition should be not larger than the number of Res of the actual PUSCH repetition.

	CMCC
	Considering this case is similar with UCI multiplexing on PUSCH with slot aggregation, Rel-15 behavior 2 should be followed:
Behavior 2: In case PUCCH overlaps with multiple PUSCH repetitions (in case of slot aggregation), UCI is multiplexed in all the overlapping PUSCH repetitions.

	CATT
	We share the same view as CMCC.

	Huawei,
HiSilicon
	Firstly, we share similar view as Nokia, option 1 here doesn’t mean option A for the previous issue is supported, option 1 can be combined with option B. In our understanding, it would be more clear if we can make the decision on timeline issue first before making decision on which option to choose here.
 
Secondly, we agree with the feature lead that options similar as Rel-15 should be picked. Among the two behavior in Rel-15 as in the feature lead summary, behavior A is more appropriate here, considering it may increase the UE complexity due to the resource for different actual repetitions may be different due to segmentation, which is different from Rel-15.

	Panasonic
	We share the same view with CMCC.

	ETRI
	It is not guaranteed that an actual PUSCH repetition has sufficient number of REs for UCI, and and in this case there are many alternatives and exceptions to calculate number of REs for UCI (which is the next issue). In this maintenance phase, those alternatives perhaps are complicated and a simpler solution is preferred.
 
In our view, Option 6 is the simplest, and Option 6 multiplexes UCI only if the overlapped nominal PUSCH repetition, and if the overlapped PUSCH repetition is split then UCI is transmitted on the PUCCH. We think that this approach does not incur any open issue such as determining Q and delicate power boost and also minimize the scheduler optimization.

	ZTE
	Don't see strong motivation to change Rel-15 behavior. In addition, if PUSCH needs multiple repetitions, it is also desirable to ensure UCI reliability by multiplexing on all overlapping repetitions. Therefore, we prefer to reuse Rel-15 behavior.

	Intel
	Although Option 2 is argued as the one in Rel.15, it will be anyway different since multiple actual PUSCH can have substantially different number of REs. In Rel.15 there was no such issue due to same repetition duration, and the UCI RE formula worked uniformly for repetitions.

	QC
	Support Option 1, again it follows Rel-15. In reply to CATT, in Rel-15 UCI is multiplexed on all overlapping PUSCH with slot aggregation only in case of mixed numerology, where UCI SCS is smaller than that of PUSCH.

	DOCOMO
	We share the same view with CMCC.

	vivo
	We think for UCI multiplexing, it should be guaranteed by gNB that the multiplexing timeline is satisfied and the number of REs for a repetition to multiplex UCI is sufficient. It is how UCI is multiplexed on PUSCH in Rel.15 and we don’t see any concern if Rel.15 behavior is reused.

	InterDigital
	Option 1 with the understanding that multiplexing occurs on the first one that satisfies the timeline. 

	LG
	According to Rel-15 specification, in case of the multiple PUSCH in a slot, UE choose earliest PUSCH occasion in a slot(Behavior 1). On the other hand, in case of PUSCH repetitions over multiple slots, UE multiplexes UCI on PUSCH in one or more repetition which fulfils the time line condition (Behavior 2). Thus, we think Option 3 is more aligned with Rel-15 behavior than others since Option 3 covers both two of Behaviors. We are also fine to support Option 2 since Option 2 is similar to UE behavior in Rel-15 when a PUCCH spans multiple PUSCH for single TB. 

	Ericsson
	The question about “actual PUSCH repetition that is not transmitted” is confusing to us. In our understanding, the UCI multiplexing procedure is performed first, then a decision is taken if an actual PUSCH repetition is dropped (e.g., due to SFI) without looping back to the UCI multiplexing step. Hence the dropping is not part of the UCI multiplexing procedure.

	Motorola Mobility/Lenovo
	According to the current 38.213 spec, if a PUCCH with UCI overlaps with a PUSCH of repetition type B in one or more slots, UE multiplexes the UCI into all the actual repetitions of the PUSCH in the one or more slots. However, UE should not multiplex UCI on an actual repetition that has less number of REs than the required number of REs for UCI multiplexing.

	QC[2]
	Regarding the question of “actual PUSCH that is dropped” we share same view as Ericson. More precisely, only an actual PUSCH that is dropped due to orphan symbols is excluded from the procedure. 

	Fujitsu
	More prefer Option 2, from the point of view of simplifying the relevant standardization work.
On one hand, we are concerned that option 1 may not be able to solve all problems. Some limitation/requirement may be needed for ‘the first actual repetition’ to avoid the case that the available REs in the first actual repetition are not enough to piggyback UCI. Additional standardization effort may be required. 
On the other hand, the lower bound of option 2 is the same as option 1 in terms of UCI reliability. In this case, it is not necessary to put any further restriction to any of the overlapping actual repetitions since the best effort has been made.

	Samsung
	We like to follow Rel-15 rule as much as possible, that is, use nominal repetition as much as possible to follow the timeline. Then we have additional two new cases:
Case 1: there are more than one nominal in a slots
Case 2:  there are more than one actual repetitions of one nominal repetition
For case 1, we think only one nominal repetition of a slot needs to be multiplexed on. 
For Case 2, in order to ensure UCI reliability and avoid the first actual repetition has too less REs for UCI, we prefer to multiplex UCI on the actual repetition with largest symbols of a nominal repetition.
 
If we consider CA case of with different SCS, i.e., UCI overlapping with slot aggregation of a PUSCH: 
To follow Rel-15 design principle, we think either A) gNB can choose a proper beta offset to allocate enough resources for UCI (option 1 or modified option 5), or B) repetition of UCI in multiple slots can be considered (e.g., option 3). 
For A), we think option 5 with largest number of symbols can provide more flexibility for gNB. 
For B), we’d better to ensure the number of REs for UCI in each repetition is the same since the performance of polar code with different rate matching needs to be verified. Therefore, the benefit and necessity of supporting repetition needs to be further studied. 
 
Considering the above analysis, we prefer option 5, i.e., transmit on the first actual with largest symbol length of the first nominal that satisfy the timeline condition. 
Note that: first actual is to handle more than one actual repetition with same symbol length. 
 
Regarding on the "actual repetition is not transmitted", we share similar view with Ericsson and Qc,  that orphan symbol is not considered as on actual repetition. The dropping due to SFI will not impact on UCI multiplexing.

	Apple
	At this late stage, we strongly prefer simple solutions, and reuse Rel-15 behavior as much as possible. We do understand Option 1-3 are all trying to reuse some of Rel-15 behavior, and it is not very meaningful to argue which one is more following Rel-15 principle as the case we have now is different.
One concern we have with Option 2 is that it may result in UCI being repeated too many times (more than necessary) because each nominal repetition can be potentially segmented.
With option 1, on the other hand, the gNB can control the amount of resources for UCI using beta offset, by considering the fact that the UCI is only multiplexed on one repetition instead of multiple repetitions. The only potential concern is that the first repetition may not have too many REs available, so gNB needs to do proper scheduling to achieve the desired performance. We understand there is a bit restriction on gNB scheduling, but this doesn’t seems to be unacceptable.
On “actual repetition that is not transmitted”, we also share Ericsson’s view that they should not affect the UCI multiplexing procedure except for the orphan symbol.



It is worth pointing out that a few companies have raised concern regarding soft combining for polar code if UCI is multiplexed on multiple repetitions.

The following was proposed based on majority.
Proposal 1-3: 
In case PUCCH overlaps with multiple actual repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on the first actual repetition in the first overlapping slot  (in case a PUCCH overlaps with a PUSCH with repetition Type B in multiple slots).
Companies please provide comments if you have strong concerns on the proposal.
	Company
	Comments

	CMCC
	Even though gNB can use beta offset to control the number of REs for UCI, there exists some case that still not enough resources for UCI, especially the first actual repetition in the first overlapping slot is the actual repetition after segmentation. Moreover, use beta offset to increase the number of REs is somehow to scarify the time domain resource and allocate more frequency domain resources, which is not friendly to power limited cases. Considering that UCI can be only multiplexed on the PUSCH with the same priority, we think UCI deserves enough resources as it is originally allocated.
 
In addition, the current proposal 1-3 and proposal 2-1 seem to be inconsistent to some extent. If UCI is multiplexed only on the first actual repetition in the first overlapping slot, it would be straightforward to calculate the REs for UCI using the Rel-15 formula based on the actual repetition length on which the UCI is to multiplexed.
 
Therefore, Option 2: UCI is multiplexed on all these overlapping actual repetitions is more preferred.

	 Sony
	The whole point of the beta factor is for gNB to manage the reliability (code rate) of the UCI.  Because of some arbitrary selection of PUSCH, the gNB has to reduce beta just to fit the UCI in a small actual PUSCH means that it has to reduce its reliability. How does this meet the objectives of URLLC? 

	 Samsung
	 For this solution, either gNB need to ensure that the available REs (number of symbols) of the “actual repetition” UCI multiplexed on is enough for the capacity, or this may result in unnecessary UCI dropping. On the other hand, the leftover REs for PUSCH transmission may result in an even lower coderate or no transmission, which may lead PUSCH performance. 
Therefore, we think it makes more sense to transmit UCI on the actual with largest symbol numbers (option 5). And the latency is negligible (less than half of number of symbols of a nominal repetition)

	 OPPO
	Before we go to any option, we'd better to clarify if UCI multiplexing resource provided by actual PUSCH repetition is not enough to carry HARQ-ACK information, what should we do? In Rel-15,this case is not expected.Therefore, to simplify spec and implementation, we should keep it as an error case.
Considering actual PUSCH repetition maybe too short to carry HARQ-ACK information, so it's better to find the actual PUSCH with enough resource to multiplex HARQ-ACK information at least. Otherwise, we have to discuss how to multiplex partial HARQ-ACK information in actual PUSCH repetition, which seems not easy.

	 LG
	 For issue on reliability, We don’t see any problem to control number of RE for UCI at gNB side. Before scheduling UCI on PUCCH/PUSCH, gNB always has to know which resource would carry this UCI. Whichever option is chosen, gNB should be able to schedule properly and that is what gNB has been done. 

	 
	 



Please indicate if you would object to Proposal 1-3.
	Company
	Comments

	Sony
	Just to clarify again, we did NOT propose to repeat UCI.  The question here is which actual repetition and our proposal is use the actual PUSCH that has sufficient REs to carry the UCI reliably.  Reliability is one of the main objective of this whole WI which seemed to be lost somewhere during this discussion.  One way is to write something in the proposal that the 1st repetition will always have sufficient REs to carry the UCI that meets the targeted requirement. 

	OPPO
	Our concern is that if the actual PUSCH does not have sufficient REs to carry all HARQ-ACK information. How to handle this Rel-15 error case? In our opinion, the simplest way is to be avoided by gNB implementation. So we suggest to agree option 1b or updated option 1b proposed by Samsung firstly. Otherwise, we'd better to discuss how to handle HARQ-ACK dropping firstly ,which directly impacts PUSCH repetition selection.
To avoid latency and complexity, we suggest to leave flexibility to select PUSCH repetition satisfying UCI capacity requirement.

	Samsung
	We still worry about the first actual repetition may not ensure the reliability of UCI, with option 1a. Although gNB is expected to ensure the reliability of UCI by scheduling, and if not, gNB should take the penalty. However, we’d like to request FL and other companies to further think about option 5 for repetition chosen:
· Reliability of UCI is better than current proposal, since it could give UE some flexibility to choose which actual repetition to choose (with the largest symbol number), in the meanwhile, 
· Similar latency/timeline restriction can be ensured as when there is no segmentation/or similar as Rel-15. (Better than Option 4 which avoid postpone out of one nominal repetition)
· Easy for spec change (only additional handling for the case with segmentation, the rest can be the same as Rel-15)
· No additional complexity for UE to handle.
· May not need to change resource calculation (withα=0.5, it can cover most of the case (<=2 segmentation), even when there is no segmentation, as long as the code rate for PUSCH is low enough, it will not impact on UCI reliability. We think low code rate is normal case for URLLC.) 



Based on the comments so far, except for CMCC, no other companies have indicated a very strong preference in the discussion of Proposal 1-3. As mentioned earlier, some companies have raised potential concerns regarding the soft combining issue for polar code when UCI is transmitted over multiple repetitions. Therefore, an alternative proposal is presented as follows:
Proposal 1-5: 
In case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on only one actual repetition (including the case where a PUCCH overlaps with a PUSCH with repetition Type B in multiple slots). To determine which actual repetition, down-select from the following 3 options:
· Option 1: the first actual repetition in the first overlapping slot that satisfies the multiplexing timeline
· Option 4: the first repetition for which the capacity is not smaller than required UCI multiplexing resource
· If none of the actual repetitions has sufficient resource, the first largest actual repetition is used for UCI multiplexing.
· Option 5: the first actual PUSCH repetitions in the first overlapping nominal repetition with the largest number of OFDM symbols.
Considering the comments from Ericsson, Qualcomm, and Samsung, the following was proposed by the feature lead:
Proposal 1-4: 
All the actual PUSCH repetitions other than the single-symbol repetition after segmentation are considered in UCI multiplexing, regardless of whether it may be omitted later or not.
Companies please provide comments if you have concerns on the proposal.
	Company
	Comments

	 Samsung
	 It is OK to have conclusion or agreement, but it may not needed in the spec. 

	 Nokia, NSB
	Just to check here our understanding: 
1. the UE is doing the segmentation based on semi-static DL symbols & invalid symbols to define the actual repetitions
2. The UE excludes the ones with 1 symbol length
3. For the remaining ones – we decide the UCI multiplexing (e.g. on the first overlapping ones)
4. Possibly, this actual repetition may be dropped due to SFI
Is this, how this would be then working?



The feature lead recommended not to further discuss it (either in this meeting or under this AI). There was a CR discussion for Rel-15 under “[100b-e-NR-7.1CRs-07] Clarification for processing order of UL multiplexing and cancellation”, which tries to clarify whether UCI multiplexing is done first before dropping or dropping due to e.g. dynamic SFI is done before multiplexing. The conclusion is to leave it to UE implementation for Rel-15 due to non-backward compatibility concern. But companies generally have interest to further discuss it for Rel-16 and see if some clarification should be made. This issue should fall into that umbrella as well, and we should not make independent decision here. When the decision is made for the more generic issue, the decision can be followed here.

QC made a comment that we should agree that the actual repetition with orphan symbol is not considered for UCI multiplexing.

Proposal 1-4a:
An actual repetition of a single symbol in case of L>1 is not considered for UCI multiplexing.
Please provide comment if you have concern on the proposal.
	Company
	Comments

	QC
	Agree with the intention

	Nokia, NSB
	OK




In addition, Fujitsu[9] proposed the following for the case with PUCCH repetitions.
· Overlapping between PUSCH repetition Type B and PUCCH repetitions

· Fujitsu[9]: For the UL channels of the same PHY layer priority, UE drops the actual repetition(s) for PUSCH repetition type B which is overlapped in time with a PUCCH over a first number  of slots.
FL comments: The proposal is reasonable. However, this does not seem to require any specification change because the current specification covers it already. Therefore, this issue will not be discussed in the email unless there is an request.
[bookmark: _Hlk33403269]3.2 UCI resource determination
In Rel-15, the UCI resources depend on the available REs in PUSCH and the TBS. As an example, the number of coded modulation symbols per layer for HARQ-ACK transmission is calculated as (Section 6.3.2.4.1.1 in TS 38.212)
[image: ],
where[image: ] denotes the available RE number of the current PUSCH piggybacking the UCI, and [image: ] denotes the TBS of the PUSCH. Note that there are similar equations for CSI.
For PUSCH repetition Type B, TBS is determined based on the nominal repetition length. The question is then how the number of REs for UCI should be calculated? Based on the nominal repetition or actual repetition?
Using nominal repetition in the first part of the equation would provide more REs and better performance guarantee for UCI, while using actual repetition would allow more REs to be used for data transmission. This is also true for the second part of the equation.
Here is a summary of companies’ view based on the contributions:
· [bookmark: _Hlk33403286]Option 1: The calculation is based on the nominal repetition, i.e., using the same number of REs as in TBS determination
· Huawei/HiSi[1], ZTE[2], Vivo[3], OPPO[5], Panasonic[8], CMCC[14], InterDigital[17], Docomo[21] (2nd preference), QC[22]
· Option 1a: with the additional limit of no more than the resources available in the actual repetition
· ZTE[2], Panasonic[8] (?), CMCC[14], Docomo[21] (2nd preference), Sony
· Pros: Guarantee the UCI performance, up to the point that the number of REs in the actual repetition can accommodate.
· Cons: UE behavior change and additional complexity
· Option 1b: UE does not expect that the number of REs required by UCI is more than the number of available REs in the actual repetition on which the UCI is multiplexed.
· Vivo[3]
· Pros: Guarantee the UCI performance (by gNB implementation). No specification change or UE behavior change.
· Cons: gNB scheduling restriction
· Option 2: The calculation is based on the actual repetition.
· Samsung[13]
· Some companies think Option 2 should be the way if UCI is multiplexed on one actual repetition.
· Option 3: The first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition.
· Nokia/NSB[4] (TP provided), Panasonic[8], Intel[11], CATT[12] (detailed TP provided), Spreadtrum[16], Docomo[21]
· Pros: Guarantee the UCI performance, up to the point that is accommodated by the 2nd term. The 2nd term allows to keep some resources for PUSCH transmission in the repetition.
· Cons: The UCI performance may not be guaranteed in the end due to the 2nd term.
[bookmark: _Toc415085486][bookmark: _Toc503902285]Companies please indicate which option you support. For companies who support Option 1, please also indicate whether you support 1a or 1b.
	Option 1 (1a or 1b?) (18)
	Nokia / NSB (2nd choice, Option 1a), Sony (Option 1a), OPPO(Option 1b), CMCC(1a), Panasonic (2nd preference, 1a), ZTE(1st preference, 1a), QC(1b), vivo (option 1b), DOCOMO (2nd preference, 1a), InterDigital (1a), LG(1b), Sharp(1a), Ericsson (1a), Motorola Mobility/Lenovo (1b), Samsung (1b), Apple (1a)

	Option 2 (1)
	Samsung (if UCI only multiplexed on one repetition is agreed)

	Option 3 (12)
	Nokia / NSB (1st choice), CATT, Huawei/HiSilicon, Panasonic (1st preference), ZTE(2nd preference), Intel, DOCOMO (1st preference), Spreadtrum, Fujitsu, Apple



Companies please provide detailed comments, if any.
	Company
	Comments

	 Sony
	The UE should determine first whether the actual PUSCH has sufficient resource to carry the UCI reliably.  Selecting the actual PUSCH repetition first THEN only calculates the resource is like putting the cart before the horse:
[image: ]

	 CMCC
	Compared with option 2, calculation based on nominal repetitions provides more resources for UCI and ensures the reliability of UCI, which is believed to be more important.
Compared with option 3, option 1a is more likely to provide equal REs for UCI piggybacked in each repetition, under the following condition, which is believed to be the most typical case
Available REs in actual repetiton> Q'ACK{nominal,nominal}>Q'ACK{nominal,actual}
Option 1b puts additional limitation for gNB scheduling.

	 CATT
	We think the difference between option 1a and option 3 is whether scaling factor alpha is applied or not. In our view, it should apply since it is used to ensure not all the resources are occupied by UCI if alpha smaller than 1 is configured. Following option 1a, it is possible that even if a alpha<1 is configured, all the resources are used by UCI so that no RE reserved for UL-SCH which contradicts gNB’s intention in our view.

	Huawei/HiSilicon
	We share similar view with CATT, we should still provide the chance to apply scaling factor if needed as in Rel-15.

	Intel
	Option 1a and 3 look similar to us, while option 3 provides complete solution.

	QC
	Option 1 without 1a or 1b is sufficient, 1b makes it more optimized. Option 3 is not desired since it may provide unnecessary optimization but with additional complexity.

	vivo
	We think it is up to gNB scheduling to ensure the number of REs for UCI multiplexing is sufficient. No need to change the UCI calculation equation.

	InterDigital
	Calculating based on nominal repetition (option 1a/1b) results in an overall (UCI / data) energy ratio most similar to what would occur without segmentation of the nominal repetition, at least when all actual repetitions can be transmitted.
We slightly prefer option 1a to avoid the scheduling restriction that would occur otherwise to avoid the error case.

	Spreadtrum
	We agree with Intel that option 1a and 3 seem to be same, and option 1b may introduce additional implementation complexity.

	LG
	We think this issue is highly related to “Which PUSCH repetition(s) should UCI be multiplexed on” since it determines how many actual repetition carries UCI. If one actual PUSCH carries UCI in a slot, we think option 1 or 3 is suitable (Option 1 and 3 seems similar also for us.). among those options, Option 1-b is enough.

	Motorola Mobility/Lenovo
	Considering that TBS for PUSCH repetition Type B is determined based on a nominal repetition length, it may be straightforward to determine the number of coded modulation symbols per layer for UCI based on the nominal repetition length. On the other hand, some of actual repetitions of PUSCH repetition type B may have the smaller number of available REs than the required number of REs for UCI multiplexing due to segmentation around unavailable resources. To avoid this error case, UE should not multiplex UCI on an actual repetition that has less number of REs than the required number of REs for UCI multiplexing.

	Fujitsu
	Option 3 is preferred. This solution is complete and without unnecessary limitation to gNB. It seems that if option 3 is adopted, no additional standardization effort is required.

	Samsung
	If UCI only multiplex on one PUSCH repetition, then option 2 is preferred.  Otherwise, we prefer option 1b, which can ensure the same rate matching of UCI in each copies. 

	Apple
	Both Option 1 and Option 3 should work fine. For option 2, we think having the 1st item calculated based on actual repetition does not have any physical meaning any more (i.e., it no longer provides the desired level of reliability.)



Option 1 has more support than the other two options. Among the two sub-options under Option 1, the feature lead assumed that companies supporting Option 1b should also have some flexibility to support Option 1a (this may or may not be the correct assumption), because Option 1a can be used to achieve the same outcome as Option 1b by gNB implementation, while providing extra flexibility for gNB scheduling. Therefore, the following (Option 1a) was proposed.
Proposal 2-1: 
When UCI is multiplexed on PUSCH with repetition Type B, the number of REs for UCI is calculated using the Rel-15 formula based on the nominal repetition length, (i.e., using the same number of REs as in TBS determination), with the additional limit of no more than the resources available in the actual repetition.
Companies please provide comments if you have strong concerns on the proposal.
	Company
	Comments

	Samsung
	 If we go only choose one actual repetition, we fail to see why not calculate the RE number based on the actual repetition.  
One the other hand, assuming the parameters for resource calculation is to unsure the reliability of UCI, it should not smaller than the actual repetition. Otherwise, proposal 1-3 plus proposal 2-1 may lead to unnecessary UCI dropping or may have impact on the reliability. If gNB should be able to handle it, then there is no advantage compared with option 1-b. 

	 QC
	First I would like to ask we remove everything in (). And then we ask to put FFS for 1a vs 1b. Thus we suggest this proposal: When UCI is multiplexed on PUSCH with repetition Type B, the number of REs for UCI is calculated using the Rel-15 formula based on the nominal repetition length. FFS….

	Nokia, NSB 
	We are fine with removing the brackets (if needed, as requested by QC), but think the last side-sentence ‘with the additional limit…’ should still be there. 
On the comment by Samsung here, we think that we can leave this to gNB implementation (and therefore have the side sentence). If the gNB is not taking care, that HARQ-Ack is not multiplexed – but there could be a reason for the gNB to do so. Moreover, when having this we may get in trouble with e.g. HP CG operation where the control of the gNB may be slightly less. To keep the specs simple (and apply the same procedure) for any type of UCI (e.g. including CSI), we suggest to have the side sentence there. 

	LG
	With Proposal 1-3, we are fine to calculate number of RE for UCI based on either actual or nominal.
If UCI calculation is based on nominal, we think that the number of RE can be ensured by gNB implementation. Amount of HARQ-ACK bit, size of actual repetition and beta-offset, all are in the hand of gNB. Even for HP-CG case, gNB can control number of HARQ-ACK bit in that occasion by scheduling. it is definitely better situation than dropping all HARQ-ACK bit. 

	 
	 



It seems that companies supporting Option 1a may not be willing to support Option 1b, or vice versa. Therefore, Option 1a and Option 1b are separated here.
Companies please indicate which option(s) you support. Multiple options can be indicated.
	Option 1a (11)
	Nokia / NSB (2nd choice), Sony, CMCC, Panasonic (2nd preference), ZTE(1st preference), DOCOMO (2nd preference), InterDigital, Sharp, Ericsson, Apple

	Option 1b (8)
	OPPO, QC, vivo, LG, Motorola Mobility/Lenovo, Samsung, Apple

	Option 2
	Samsung

	Option 3 (12)
	Nokia / NSB (1st choice), CATT, Huawei/HiSilicon, Panasonic (1st preference), ZTE(2nd preference), Intel, DOCOMO (1st preference), Spreadtrum, Fujitsu, Apple


 
Proposal 2-1 was updated to Proposal 2-1a by removing the phrase in the bracket, which is not really accurate.
Proposal 2-1a: 
When UCI is multiplexed on PUSCH with repetition Type B, the number of REs for UCI is calculated using the Rel-15 formula based on the nominal repetition length, with the additional limit of no more than the resources available in the actual repetition.
Please indicate if you would object to Proposal 2-1a.
	Company
	Comments

	OPPO
	Our concern is that option 1a and option 1b is not mutually exclusive. Option 1a and 1b solve different issues. Option 1a discusses UCI resource calculation to avoid that calculated UCI resource exceeds RE number of actual PUSCH repetition. Option 1b is to avoid that determined UCI resource is not enough to carry UCI information, especially for HARQ-ACK information,which is an error case in Rel-15.
Firstly, we support Option 1b to avoid spec and implemenation complexity due to deficient UCI capacity. Secondly, we are open to UCI resource calculation except strong objection on option 3, which sacrifices UCI reliability too much and leads more frequent HARQ-ACK dropping case(Rel-15 error case)

	 Samsung
	We prefer to provide identify reasonable combinations of “timeline, repetition and resource determination” and down selected together.

	 LG
	As long as we consider to transmit UCI on one actual PUSCH repetition, we would like to support Option 1b. Option 1a basically defines maximum number of RE for UCI according to size of an actual PUSCH.
With Option 1a, UCI reliability is highly depending on target actual PUSCH and there is no way to compensate reduced RE unless UE multiplexes UCI on multiple actual PUSCH, which has not been supported in NR.  
If we consider the case where PUCCH and PUSCH have same PHY priority, it is desirable not to reduce effective number of Res for UCI, which in the end deteriorate the performance of UCI. 
In our view, Option 1a means “gNB may or may not ensure UCI reliability.” while Option 1b means “gNB should ensure UCI reliability by scheduling”.

	 Sony
	Why is Option 1a mutually exclusive from Option 1b?  As Oppo said, Option 1b is to ENSURE there is sufficient resource and Option 1a is HOW to calculate these resource?  In fact Option 1b should be under the “which actual repetition” question (in Proposal 1-3) rather than the HOW to calculate UCI question.  That is Option 1b does NOT belong to this topic.

	 QC
	We support 1b. Thanks Sigen for further clarification. It is understood that Proposal 1a needs a third term due to proper Polar encoding operation to make sure number of coded REs are limited to available REs. Having said that, we should note that 1a needs a new UE procedure as UE needs to calculate actual REs (and in 1a both actual and nominal REs). 

	vivo
	We support option 1b.
In terms of performance, we understand that option 1a and option 1b achieve similar performance if gNB guarantees the number of REs for UCI multiplexing, which we think is typical gNB implementation.
From UE perspective, as QC commented, additional UE procedure is needed for option 1a to calculate the actual number of REs, compared to what is defined in Rel.15 for UCI multiplexing. We think this additional UE procedure is unnecessary, as long as the number of REs for UCI multiplexing needs to be ensured.




In addition, Ericsson[6] proposed the following:
· Ericsson[6]: Increase the number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate to 8.
Proposal 2-2: 
Increase the number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate to 8.
Companies please whether you support the proposal.
	Yes
	Ericsson

	No
	Nokia / NSB, Sony, OPPO,CMCC, CATT, Huawei/HiSilicon, Panasonic, ZTE, QC, DOCOMO, vivo, InterDigital, Spreadtrum, LG, Sharp, Motorola Mobility/Lenovo, Fujitsu, Apple



Companies please provide detailed comments, if any.
	Company
	Comments

	Ericsson
	In Rel. 15 the number of aggregated slots is RRC configured, so the gNB can reconfigure the usable beta offset values at the same as it configures slot aggregation. When the number of repetitions can be changed dynamically the spectral efficiency of the PUSCH changes with the number of repetitions. Since the number of resource elements used for UCI is determined based on a single repetition it is necessary to introduce a larger range of beta offset values in order to be able to perform link adaptation for UCI when changing the number of repetitions. Ideally a similar change is introduced for DCI format 0_1 as well.



Given that Ericsson is the only company who wants to increase the number of indices, and the fact that we are in the late CR phase and the proposal also has RRC impact, the following conclusion was proposed:
Proposed conclusion:
The number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate is not increased.


3	Agreements 
Agreements:
In case of PUCCH overlapping with PUSCH with repetition Type B,
· Option A: Multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all the overlapping actual repetitions. Otherwise it is considered as an error case.

Agreements: 
In case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on only one actual repetition (including the case where a PUCCH overlaps with a PUSCH with repetition Type B in multiple slots). To determine which actual repetition, down-select from the following 3 options:
1. Option 1: the first overlapping actual repetition in the first overlapping slot that satisfies the multiplexing timeline
Conclusion:
The number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate is not increased.
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Appendix A: Previous agreements on potential enhancements for PUSCH
RAN1#94bis (Oct. 2018)
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
RAN1#95 (Nov. 2018)
Agreements:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots
RAN1 AH#1901 (Jan. 2019)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “twomulti-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots
Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
RAN1#96 (Feb. 2019)
Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
Here is the description of Option 4 from TR 38.824:
One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.

Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.

Agreements:
· Capture the simulation results in Section 3 in the TR.
RAN1#96bis (Apr. 2019)
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
RAN1#97 (May 2019)
Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination
RAN1#98 (Aug. 2019)
Agreements:
In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:
· Alt 1: The time window within which valid symbols are used for transmission is L*K.
· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.
· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)
· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details
Conclusion:
In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.
· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols
· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.
· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3 from DG is not applicable for CG.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)
· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)
· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant
· …
· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary
· FFS: whether to postpone or not, and if yes, under what condition(s)
· FFS: whether/how guard period is handled
· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.
· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.
· Other options are not precluded

RAN1#98bis (Oct. 2019)
Agreements:
· Do not support PUSCH mapping type A for Option 4.

Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG

Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)
Agreements:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.
Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).

Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.
Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG
RAN1#99 (Nov. 2019)
Agreements:
· For the initial Type 2 CG PUSCH transmission, the TDRA table follows the activating DCI.
· For the initial Type 2 CG PUSCH transmission with PUSCH repetition type A or B, the number of repetitions is provided by the activating DCI via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
Agreements:
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, 
· If one and only one of DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B, the TDRA table corresponding to the DCI format (0_1 or 0_2) configured with PUSCH repetition type B is used. 
· If both 0_1 and 0_2 are configured with PUSCH repetition type B, the TDRA table corresponding to DCI format 0_1 is used.
· Note: For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, the case of none of the DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B is an error case
· For the initial Type 1 CG PUSCH transmission, if it is configured with PUSCH repetition type A, use the TDRA table for USS in Rel-15.
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition, the number of repetitions is provided via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
· FFS the value range of repK is extended for R16 repetition type A and/or type B
Agreements:
· For PUSCH repetition type B, L<=14

Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH

Agreements:
The column on the number of repetitions numberofrepetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2.
· For DG with PUSCH repetition type A, if numberofrepetitions is present in the corresponding TDRA table, the number of repetitions is given by numberofrepetitions. Elseif the UE is configured with pusch-AggregationFactor, the number of repetitions is given by pusch-AggregationFactor. Otherwise the number of repetitions is 1.
· For DG with PUSCH repetition type B, the number of repetitions is given by numberofrepetitions.
· Note that pusch-TimeDomainAllocationList-ForDCIformat0_1/2 needs to be configured for PUSCH repetition type B.
Agreements:
For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, [3], 4, [6], 7, [8], 12, 16} are supported.
· FFS whether to have a limit on the number of nominal repetitions in a slot
Agreements:
For how to indicate S and L in the TDRA table for PUSCH repetition type B, S and L are separately indicated (4-bit for S and 4-bit for L).
· S is from 0 and [13], L is from [1] to 14.
· Note: The additional restrictions for a particular waveform and/or DMRS mapping type from R15 are still applicable
Agreements:
For both DG and CG with PUSCH repetition type B, the TBS is determined based on L indicated in TDRA table entry reusing Rel-15 mechanism.
Agreements:
For Type 1 CG with PUSCH repetition type B, introduce a new RRC parameter frequencyHopping-PUSCHRepTypeB per CG configuration to indicate the frequency hopping scheme, and reuse Rel-15 parameter frequencyHoppingOffset to determine the frequency locations.
· For Type 1 CG with PUSCH repetition type B, if frequencyHopping-PUSCHRepTypeB is not configured, frequency hopping is not enabled.
Agreements
Introduce a new RRC parameter frequencyHopping-ForDCIFormat0_1.
· This parameter can only be configured when PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’.
Agreement (RRC impact)
For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
· If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If the first RRC parameter is configured and the additional bit exists in a DCI, 
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.
Note: Qualcomm has concerns over the above feature in terms of UE complexity. Majority of companies do not see this issue.

Agreement
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)
Note that the cancellation behavior is the same as Rel-15, including Rel-15 cancellation timeline

Agreement
For DG PUSCH with PUSCH repetition type B, the RV for the first repetition is provided by DCI, and RV cycling is done across the repetitions using the RV sequence of {0, 2, 3, 1}.
· FFS “repetition” means nominal or actual repetition
· FFS In case “repetition” means nominal repetition, whether the same RV applies to all the actual repetitions corresponding to a nominal repetition.

Agreements:
For CG PUSCH with PUSCH repetition type B, RV cycling is done across repetition following the sequence in repK-RV,
· the first repetition uses the first value in repK-RV
·  “repetition” means actual repetition

RAN1#100-e (Feb. 2020)
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[bookmark: _Hlk35791152]Agreements:
For numberofrepetitions for PUSCH repetition type A and type B, {3, 8} are additionally supported. That is, {1, 2, 3, 4, 7, 8, 12, 16} are supported for numberofrepetitions. (RRC impact)
Agreements:
The value range for repK remains the same as in Rel-15.
Agreements:
For PUSCH repetition Type B, S is from 0 to 13, and L is from 1 to 14. (RRC impact)
Agreements: (RRC impact)
Introduce reportSlotOffsetList-r16-ForDCIFormat0_1 and reportSlotOffsetList-r16-ForDCIFormat0_2 and update TS 38.214 accordingly
· FFS whether or not to always assume the number of nominal repetitions is equal to 1 when PUSCH with repetition Type B carries A-CSI/SP-CSI only.

Agreements:
For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.

Agreements:
Adopt the following TP to TS 38.214:
	TP to TS 38.214, Sec. 5.2.1.4 and Sec. 6.1.2.1
5.2.1.4 Reporting configurations
<Unchanged text is omitted>
For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured by the following higher layer parameters:
-     if triggered/activated by DCI format 0_2 and the higher layer parameter reportSlotOffsetListForDCI-Format0-2 is configured, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetListForDCI-Format0-2 reportSlotOffsetList-r16-ForDCIFormat0_2, and
-     if triggered/activated by DCI format 0_1 and the higher layer parameter reportSlotOffsetListForDCI-Format0-1 reportSlotOffsetList-r16-ForDCIFormat0_1 is configured, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetListForDCI-Format0-1 reportSlotOffsetList-r16-ForDCIFormat0_1, and
-     otherwise, the allowed slot offsets are configured] by the higher layer parameter reportSlotOffsetList.
The offset is selected in the activating/triggering DCI.
<Unchanged text is omitted>
 
6.1.2.1 Resource allocation in time domain
<Unchanged text is omitted>
When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a CSI request field on a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an the allocated table as defined in Clause 6.1.2.1.1 which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as [image: ], where [image: ] are the corresponding list entries of the higher layer parameter
-     [reportSlotOffsetListForDCI-Format0-2 reportSlotOffsetList-r16-ForDCIFormat0_2, if PUSCH is scheduled by DCI format 0_2 and reportSlotOffsetListForDCI-Format0-2 is configured;
-     reportSlotOffsetListForDCI-Format0-1 reportSlotOffsetList-r16-ForDCIFormat0_1, if PUSCH is scheduled by DCI format 0_1 and reportSlotOffsetListForDCI-Format0-1 reportSlotOffsetList-r16-ForDCIFormat0_1  is configured];
-     reportSlotOffsetList, [otherwise;]
in CSI-ReportConfig for the [image: ] triggered CSI Reporting Settings and [image: ] is the (m+1)th entry of [image: ].
<Unchanged text is omitted> 
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[bookmark: _Hlk35791164]Conclusion on how FH is enabled/disabled for Type 2 CG with DCI format 0_1 in Rel-15:
· For Type 2 CG in Rel-15 activated by DCI format 0_1, if frequencyHopping in configuredGrantConfig is not configured, FH is disabled. If frequencyHopping in configuredGrantConfig is configured, FH for Type 2 CG is enabled if the frequency hopping flag field in the activation DCI is set to 1, and FH is disabled if the frequency hopping flag field in the activation DCI is set to 0.
[bookmark: _Hlk34298907]Agreements:
For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, the frequency hopping enabling/disabling and the frequency offset follows the indication in the activation DCI, and the frequency hopping scheme follows the corresponding RRC parameter for the activation DCI format. (RRC impact)
[bookmark: _Hlk34340676][bookmark: _Hlk34298937]Agreements:
For PUSCH with repetition Type B, with inter-repetition FH, frequency hopping occurs for each nominal repetition.
Agreements:
For PUSCH repetition Type B, intra-PUSCH-repetition frequency hopping is not supported. (RRC impact)
[bookmark: _Hlk34340744]Agreements:
Adopt the following TP to TS 38.212 (changes in red):
	TP to TS 38.212, Sec. 7.3.1.1.2 
7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured, or if both the higher layer parameter frequencyHopping is not configured and the higher layer parameter frequencyHopping-ForDCIFormat0_1 pusch-RepTypeIndicatorForDCI-Format0-1-r16 is are not configured to  ‘pusch-RepTypeB’, or if the higher layer parameter frequencyHoppingForDCI-Format0-1-r16 is not configured and pusch-RepTypeIndicatorForDCI-Format0-1-r16 is configured to ‘pusch-RepTypeB’, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<Unchanged text is omitted> 



[bookmark: _Hlk34340607]Agreements:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2       Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in rrc-ConfiguredUplinkGrant configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the activating DCI format]. One of two frequency hopping modes can be configured:
-     Inter-repetition frequency hopping
-     Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping- PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
<Unchanged text is omitted>



[bookmark: _Hlk34340661]Agreements:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2       Frequency hopping for PUSCH repetition Type B
<Unchanged text is omitted>
In case of inter-repetition frequency hopping, [details to be added when agreements become available]. the starting RB for an actual repetition within the n-th nominal repetition (as defined in Clause 6.1.2.1) is given by:
                                        [image: ],
where [image: ] is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and [image: ]is the frequency offset in RBs between the two frequency hops.
In case of inter-slot frequency hopping, the starting RB during slot [image: ] follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.
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[bookmark: _Hlk35791188]Agreements:
The semi-static and dynamic indication of invalid symbols (related to InvalidSymbolPattern) for DG PUSCH repetition Type B in case dynamic SFI is not configured follows the same behaviour as for DG PUSCH repetition Type B in case dynamic SFI is configured.
Agreements:
For Type 1 CG PUSCH with repetition Type B, regardless of whether dynamic SFI is configured or not, if InvalidSymbolPattern is configured, the configured pattern is applied (that is, segmentation occurs around semi-static DL symbols and invalid symbols indicated by InvalidSymbolPattern).
Agreements:
For the first Type 2 CG PUSCH with repetition Type B (including all repetitions) after activation, regardless of whether dynamic SFI is configured or not, if InvalidSymbolPattern is configured, whether the configured pattern is applied follows the same procedure as specified for DG PUSCH according to the activation DCI.
Agreements:
For Type 2 CG PUSCH with repetition Type B (excluding the first Type 2 CG PUSCH, with all repetitions, after activation), regardless of whether dynamic SFI is configured or not, if InvalidSymbolPattern is configured, whether the configured pattern is applied follows the activation DCI.
Agreements:
For PUSCH repetition Type B, a UE is not expected to be indicated with an antenna port configuration that is invalid for the duration of any actual repetition.
Agreements:
For PUSCH with repetition Type B, an actual repetition with a single symbol is not transmitted.
Agreements:
Adopt the following TP to TS 38.214:
	TP to TS 38.214, Sec. 6.1.2.1
6.1.2       Resource allocation 
6.1.2.1            Resource allocation in time domain
<unchanged text omitted>
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-     A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-     [If a UE is configured with higher layer parameter SlotFormatInficator, the] The UE may be configured with the higher layer parameter InvalidSymbolPattern, which provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol for PUSCH repetition Type B transmission. The UE may be additionally configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by InvalidSymbolPattern), where each bit of periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap symbols, and a bit value equal to 1 indicates that the symbol level bitmap symbols is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. The first symbol of periodicityAndPattern every 40ms/P periods is a first symbol in frame 𝑛𝑓 mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When periodicityAndPattern is not configured, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. If InvalidSymbolPattern is configured, when the UE applies the invalid symbol pattern is determined as follows:
-     if InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured when the PUSCH is scheduled by DCI format 0_1, or if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured when the PUSCH is scheduled by DCI format 0_2,
-     if [invalid symbol pattern indicator] field is set 1, the UE applies the invalid symbol pattern;
-     otherwise, the UE does not apply the invalid symbol pattern;
-     If the PUSCH is scheduled by DCI format 0_1, or corresponds to a Type 2 configured grant activated by DCI format 0_1, and if InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured,
-     if invalid symbol pattern indicator field is set 1, the UE applies the invalid symbol pattern;
-     otherwise, the UE does not apply the invalid symbol pattern;
-     If the PUSCH is scheduled by DCI format 0_2, or corresponds to a Type 2 configured grant activated by DCI format 0_2, and if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured,
-     if invalid symbol pattern indicator field is set 1, the UE applies the invalid symbol pattern;
-     otherwise, the UE does not apply the invalid symbol pattern;
-     otherwise, the UE applies the invalid symbol pattern.
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. [If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot.] An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2. 



Agreements:
Adopt the following TP to TS 38.214:
	TP to TS 38.214, Sec. 6.1.2.1
6.1.2       Resource allocation 
6.1.2.1            Resource allocation in time domain
<unchanged text omitted>
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. [If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot.] An actual repetition with a single symbol is omitted except for the case of L =1. An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2. 



Agreements:
Adopt the following TP to TS 38.214:
	TP to TS 38.214, Sec. 6.2.2
6.2.2 UE DM-RS transmission procedure  
<unchanged text omitted>
For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition. A UE is not expected to be indicated with an antenna port configuration that is invalid for the allocated duration of any actual repetition.





Appendix B: Related Rel-15 RRC parameters
PUSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPUSCH             INTEGER (0..1023)                                                   OPTIONAL,   -- Need S
    txConfig                                ENUMERATED {codebook, nonCodebook}                                  OPTIONAL,   -- Need S
    dmrs-UplinkForPUSCH-MappingTypeA        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    dmrs-UplinkForPUSCH-MappingTypeB        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M

    pusch-PowerControl                      PUSCH-PowerControl                                                  OPTIONAL,   -- Need M
    frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                   OPTIONAL,   -- Need S
    frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)
                                                                                                                OPTIONAL,   -- Need M
    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }             OPTIONAL,   -- Need M
    pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    transformPrecoder                       ENUMERATED {enabled, disabled}                                      OPTIONAL,   -- Need S
    codebookSubset                          ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent,nonCoherent}
                                                                                                      OPTIONAL, -- Cond codebookBased
    maxRank                                 INTEGER (1..4)                                            OPTIONAL, -- Cond codebookBased
    rbg-Size                                ENUMERATED { config2}                                     OPTIONAL, -- Need S
    uci-OnPUSCH                             SetupRelease { UCI-OnPUSCH}                               OPTIONAL, -- Need M
    tp-pi2BPSK                              ENUMERATED {enabled}                                      OPTIONAL, -- Need S
    ...
}

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
    }                                                                                                           OPTIONAL,   -- Need R
    ...
}

CG-UCI-OnPUSCH ::= CHOICE {
    dynamic                                 SEQUENCE (SIZE (1..4)) OF BetaOffsets,
    semiStatic                              BetaOffsets
}

-- ASN1START
-- TAG-DMRS-UPLINKCONFIG-START

DMRS-UplinkConfig ::=               SEQUENCE {
    dmrs-Type                           ENUMERATED {type2}                                                  OPTIONAL,   -- Need S
    dmrs-AdditionalPosition             ENUMERATED {pos0, pos1, pos3}                                       OPTIONAL,   -- Need S
    phaseTrackingRS                     SetupRelease { PTRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    maxLength                           ENUMERATED {len2}                                                   OPTIONAL,   -- Need S
    transformPrecodingDisabled          SEQUENCE {
        scramblingID0                       INTEGER (0..65535)                                              OPTIONAL,   -- Need S
        scramblingID1                       INTEGER (0..65535)                                              OPTIONAL,   -- Need S
        ...
    }                                                                                                       OPTIONAL,   -- Need R
    transformPrecodingEnabled           SEQUENCE {
        nPUSCH-Identity                     INTEGER(0..1007)                                                OPTIONAL,   -- Need S
        sequenceGroupHopping                ENUMERATED {disabled}                                           OPTIONAL,   -- Need S
        sequenceHopping                     ENUMERATED {enabled}                                            OPTIONAL,   -- Need S
        ...
    }                                                                                                       OPTIONAL,   -- Need R
    ...
}

-- TAG-DMRS-UPLINKCONFIG-STOP
-- ASN1STOP

Appendix C: PUSCH prioritization rules for UCI multiplexed on PUSCH
	Conclusion (RAN1#97)
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:
· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2: 
· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z). This step is done per PUCCH slot.
· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below. 
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low) 
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on serving cell with smaller serving cell index > PUSCHs on serving cell with larger serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.
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