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1	Introduction
[bookmark: _Toc415085486][bookmark: _Toc503902285]The URLLC L1 enhancements work item [1] was declared as complete in December 2019. Many open issues for PUSCH enhancements have been resolved in RAN1#100-e, but there are still some open issues [2], e.g. UCI multiplexing on PUSCH, some details regarding interaction with DL/UL directions.
In this contribution, we discuss these remaining issues and the related text proposals based on the latest specifications. (The agreements so far are summarized in the appendix.)

2		Identified remaining issues
[bookmark: _Hlk33403269]2.1 	Which PUSCH repetition should UCI be multiplexed on?
It seems obvious that the collision between UCI and PUSCH should be determined based on the actual repetitions, and it has to be an actual PUSCH repetition for UCI to be multiplexed on, but the question is which one, and how the timeline condition should be defined.
[bookmark: _Hlk33403204]If PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions, a few options were considered [3]: 
· Option 1: The timeline conditions defined in TS 38.213 Section 9.2.5 should be satisfied by replacing PUSCHs with actual PUSCH repetitions. UCI is multiplexed on the first actual repetition. An actual PUSCH repetition that is not transmitted is not considered in the procedure. 
· Option 2: UCI is multiplexed on the first actual repetition that satisfies the timeline conditions defined in TS 38.213 Section 9.2.5. 
· Option 3: UCI is multiplexed on the overlapping actual repetition that has the largest number of symbols.
· Option 4 (based on CATT & ZTE comments): UCI is multiplexed on all overlapping actual repetitions
Overall, it would first be good to try to align the understanding of the different options discussed by different companies. For this purpose, the following exemplary figure may be used: 

[image: ]
Figure 1: Exemplary figure for PUCCH overlapping with PUSCH repetition Type B
First of all, for all options considered we should only consider actual transmitted repetitions which are overlapping with the corresponding PUCCH and not all the repetitions of a PUSCH transmission Type B, according to the following related Rel-15 behaviour: 
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.
Option 3 in this email discussion had this clarified, but we think this understanding should equally apply also to Option 1 & 2 as there: (a) maybe a second PUCCH with HARQ-Ack in the same slot (i.e. PUCCH 1_2) or (b) in neighboring slots (i.e. PUCCH 2_1) overlapping with the PUSCH repetition Type B transmission bundle. In this respect, the Rel-15 understanding of a ‘PUSCH transmission’ is to be mapped to an ‘actual repetition that is transmitted’. Therefore, for the example in Figure 1, the remaining discussion should focus only on the mapping of UCI of PUCCH 1_1 (i.e. if it is to be mapped to the actual repetition #1, #2 or both).   
Moreover, it is good to understand UCI multiplexing variants used in Rel-15, 38.213. For CA scenario, the multiplexing of UCI in one of the PUSCH is described as: 
“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.”
The above is also covering the scenario (yellow) when the selected cell is having more than one PUSCH that meet the timeline conditions, and the earliest PUSCH is selected for UCI multiplexing. To our understanding, the selection of “earliest” can be easily used in PUSCH repetition Type B as well, namely, to follow the principle idea behind Option 1. For the example in Figure 1, Option 1 would multiplex the UCI on the actual repetition #1 as being the earliest overlapping repetition and the condition in Clause 9.2.5 needs to be fulfilled.
In contrast, Option 2 would allow, if the multiplexing timeline for the actual repetition #1 is not fulfilled for PUCCH 1_1 the UCI to be multiplexed on actual repetition #2 instead of actual repetition #1. Therefore, in principle for Option 2 the multiplexing timeline of Clause 9.2.5 would need to be fulfilled only for the last overlapping repetition which clearly is less restrictive but is not following the Rel-15 multiplexing timeline requirements.  
For Option 3, the multiplexing timeline as for Option 1 needs to be fulfilled for the first (and consequently for all following) overlapping actual repetitions. As the number of symbols in the actual repetition #2 is larger than for #1, Option 3 would multiplex the UCI of PUCCH 1_1 to actual repetition #2.
Next, the following is mentioned in 38.213 on PUSCH transmission over multiple slots: 
“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.”
The above is covering the scenario (yellow) when PUSCH and PUCCH have different SCS, especially the case when PUCCH SCS configuration is smaller than the PUSCH SCS configuration. ZTE and CATT during the email discussion pointed out that this behaviour of multiplexing the UCI on all overlapping actual repetitions should be considered, which we denote here with Option 4 above. 
Looking now at the different options, clearly Option 2 from gNB perspective would be more desirable as giving more flexibility for the gNB compared to Option 1 (to follow the Rel-15 multiplexing timeline requirement) but we are not sure if this would be acceptable to all. As already commented during RAN1#100-e, Option 3 to our view has certain issues in terms of e.g. HARQ-ACK delay and therefore should not be selected. Similarly, we do not really see a need to map the UCI on more than one overlapping actual repetition according to Option 4 as this will just consume precious PUSCH resources in the remaining repetitions. Based on the discussions here, the following is proposed:  
Proposal 1: For UCI multiplexing for PUSCH repetition type B, follow Option 2 of multiplexing UCI of a PUCCH on the first transmitted actual overlapping PUSCH repetition that fulfils the conditions in Clause 9.2.5. As second alternative, Option 1 of multiplexing UCI on the first overlapping transmitted actual repetition could be adopted.  

2.2 	UCI resource determination for PUSCH repetition Type B
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 information bits (e.g. TBS + CRC when CBG based retransmission is not used) of the PUSCH. Note that there are similar equations for CSI.
For PUSCH repetition Type B, TBS is determined based on the nominal repetition duration, which in turn control the information bits[image: ]. The question is then how the number of REs for UCI should be calculated, based on the duration of the nominal repetition or actual repetition?
The following options have been discussed in RAN1#100-e:
· [bookmark: _Hlk33403286]Option 1: The calculation is based on the nominal repetition.
· This was later updated to add “the additional limit of no more than the resources available in the actual repetition”. Otherwise the number of REs could exceed the available REs in an actual repetition.
· Option 2: The calculation is based on the 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.

When nominal repetition is used in the first and second parts of the equation (option 1), that may provide a larger the number of coded modulation symbols per layer for UCI compared to using actual repetition in the first and second parts of the equation (option 2). However, option 1 is not a complete solution as it further requires a conditional calculation to limit the number of coded modulation symbols per layer for UCI not more than the resources available in the actual repetition. Moreover, with the addition to not exceed the number of REs available in an actual repetition as third condition in the min{…} operation, for a short length of the actual repetition there may be actually not any PUSCH REs transmitted. So, for option 1, basically the configured value of the ‘scaling’, i.e. α, in the second part will not really have an effect for such cases. 
With option 2, the changes in the specifications are minimal, but as pointed out during the email discussions, the number of REs spent for HARQ-ACK may be rather low in case there is a large difference in number of symbols /REs of a nominal repetition and an actual repetition. Therefore, with option 2 the reliability of the HARQ-ACK multiplexed on PUSCH will be very much dependent on the ratio of number of REs of the actual repetition and the nominal repetition. This could only be controlled by gNB with option 2 by scheduling in a way that the repetition carrying the HARQ-ACK would be as long as possible (with preferably having the length of a nominal repetition). This would clearly have an impact on the potential start of a PUSCH repetition Type B transmission and therefore may introduce scheduling delays, as e.g. 2 symbol actual repetitions with HARQ-Ack should be avoided potentially deferring the start to a new slot or after the UL/DL switching period. From this perspective we don’t think that option 2 should be supported. 
In option 3, nominal repetition is assumed in the first part and actual repetition is assumed in the second part of the equation. From principle point of view, as with option 1, more REs will be spent on HARQ-ACK compared to option 2 in the first part. But in contrast to option 1, the configured ‘scaling’ will still be applicable also for shorter actual repetitions. In this respect, we see option 3 as having a slight advantage compared to option 1 in this respect. 

Proposal 2: For UCI resource determination for PUSCH repetition Type B adopt Option 3, i.e. 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. Adopt the following text proposal on the number of coded modulation symbols per layer for UCI to Sec. 6.3.2.4.1.1 for HARQ-ACK in TS 38.212 with changes marked in red. If adopted, similar changes along the lines of the TP below for HARQ-ACK will also be required for CSI part 1 / 2 as well as for CG in Sec. 6.3.2.4.1.2, 6.3.2.4.1.3, Sec. 6.3.2.4.1.4 and Sec. 6.3.2.4.1.5. 
	TP to TS 38.212, Sec. 6.3.2.4.1.1 on HARQ-ACK resource determination for PUSCH repetition Type B:
6.3.2.4.1.1	HARQ-ACK
For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows:
-	for PUSCH repetition Type A:

	

-	for PUSCH repetition Type B:


where
-	 is the number of HARQ-ACK bits;
-	if , ; otherwise  is the number of CRC bits for HARQ-ACK determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise,  is the -th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;


-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH or the total number of symbols of the actual repetition for PUSCH repetition Type B, for ,  is the total number of symbols of a pseudo nominal repetition for PUSCH repetition Type B,  including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PUSCH, ;
-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.

For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows:
	
where
-	 is the number of HARQ-ACK bits;
-	if , ; otherwise  is the number of CRC bits for HARQ-ACK defined according to Clause 6.3.1.2.1;;
-	;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH or the total number of symbols of the actual repetition for PUSCH repetition Type B, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PUSCH, ;
-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission;
-	 is the code rate of the PUSCH, determined according to Clause 6.1.4.1 of [6, TS38.214];
-	 is the modulation order of the PUSCH;
-	 is configured by higher layer parameter scaling.
< text omitted>




[bookmark: _Hlk33403375]2.3 	Power control for PUSCH repetition Type B
The following has been agreed in RAN1#100-e, but there was not enough time to capture a proper text proposal:
Agreements:
For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.

Currently, the PUSCH transmit power control defined in 38.213 and the term “PUSCH transmission occasion” is used in multiple places. The term “PUSCH transmission occasion” refers to transmission of the PUSCH (all actual repetitions in PUSCH repetition Type B), and power control adjustment shall be considered with another PUSCH transmission occasion. RAN1 does not have any agreement to change the behavior such that power adjustments can be done between actual repetitions or nominal repetitions. In that sense, we do not see any need of clarifying “PUSCH transmission occasion” in 38.213. However, there is one place in 38.213 that the duration of the PUSCH transmission occasion is used in the transmit power calculation, and the above agreement is referring to consider nominal repetition duration in the case of PUSCH repetition Type B. 
Proposal 3: Adopt the following text proposal on the PUSCH power control for PUSCH repetition Type B to Sec. 7.1.1 TS 38.213 with changes marked in red.  
	TP to TS 38.213, Sec. 7.1.1:
< text omitted>
[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of nominal symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
< text omitted>


 
2.4	Conflict with SSB and CORESET#0 in MIB
[bookmark: _Hlk37105595]In Rel-15, the UE is not required to transmit PUSCH if the symbols are overlapping with SSB. For example, 38.213 state the following, 
“For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot.”  
The same principal is applicable for PUSCH repetition Type B, and these overlapping symbols cannot be used for PUSCH, and segmentation shall be taken in place. Moreover, there has been some discussion on considering a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set as invalid symbols.  In Rel-15, the following is captured in 38.213. 
[bookmark: _Hlk37106745]“For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.”
However, the above does not rule out flexible symbols, and it is required to consider such symbols also as invalid symbols. In summary, the symbols used for both SSB and CORESET#0 in MIB shall be considered as invalid symbols for PUSCH repetition Type B, and segmentation occurs around these symbols.
Proposal 4: Adopt the following text proposal on the symbols for SSB and CORESET#0 in MIB to Sec. 6.1.2.1 TS 38.214 with changes marked in red.  
	TP to TS 38.214, Sec. 6.1.2.1:
< 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.
-	For operation in unpaired spectrum, a set of symbols of a slot
-	indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, or
-	indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set
are considered as invalid symbols for PUSCH repetition Type B transmission.
< text omitted>






2.5	Gap handling for PUSCH repetition Type B
In RAN1 #100-e, it was discussed that whether additional specification support is required to indicate the number of invalid symbols after the last semi-static DL symbol. As pointed out already in our related reply to the email discussions, we think that relying on using semi-static invalid symbols to guarantee a sufficient gap between semi-static DL and start of an actual or nominal repetition of PUSCH repetition type B is rather inefficient. As discussed, either the gNB needs to take all possible SFIs into account in the determination of the semi-static invalid symbols which will waste a lot of available UL symbols or alternatively the gNB will need to restrict the set of applied SFIs which reduces the flexibility and advantages of dynamic SFI operation. Moreover, in the UE feature discussions there are still open questions on the ‘mandatory’ support of invalid symbol pattern and SFI for a UE supporting PUSCH repetition Type B (i.e. component 7 of FG 11-5). Thus, we still think some gap handling or at least clarification would be required here.
The following text can be found from TS 38.211 for half-duplex UEs: 
“A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3.”
If the common understanding between companies would be, that this would be applicable also for PUSCH repetition type B operation and the UE would consider the symbols starting earlier than given by Table 4.3.2-3 of TS 38.211 following the last received semi-static DL symbol as invalid - then this could be a good starting point for the further discussion. But we think that it might be better to apply a similar restriction as for half-duplex UEs here and clearly spell this out in the determination of invalid symbols (i.e. TS 38.214, Sec. 6.1.2.1) to prevent any miss-understanding here. One thing that may require further discussion is, if we should apply the same numbers as for half-duplex UEs (which are in general regarded as entry-level UEs) or if shorter transition time than NRX-TXTC could be applied for UEs supporting PUSCH repetition Type B. We also provide a related TP taking the numbers from the half-duplex for the gap handling for the moment. 

Proposal 5: Define gap handling for PUSCH repetition Type B in Sec. 6.1.2.1 of TS 38.214, by regarding symbols starting earlier than NRX-TXTC after the end of the last received semi-static DL symbol as invalid symbols. 
· FFS if NRX-TXTCfrom half-duplex UEs is applied (i.e. Table 4.3.2-3 from TS 38.211) or if tighter requirements for PUSCH repetition Type B UEs can be defined. 
Adopt a TP to clarify the gap handling to Sec. 6.1.2.2 of TS38.214 with the proposed changes in red and the FFS point on the applicable numbers in yellow. 

	TP to TS 38.214, Sec. 6.1.2.1:
< 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.


-	A symbol whose transmission would start earlier than  after the end of the last received semi-static downlink symbol is considered as an invalid symbol for PUSCH repetition Type B transmission, where  is given by Table 4.3.2-3 of [4, TS 38.211].
< text omitted>





3	Conclusions
In this contribution, we discussed the remaining issues for PUSCH enhancements in eURLLC. The discussion can be summarized in the following proposals:  
· Proposal 1: For UCI multiplexing for PUSCH repetition type B, follow Option 2 of multiplexing UCI of a PUCCH on the first transmitted actual overlapping PUSCH repetition that fulfils the conditions in Clause 9.2.5. As second alternative, Option 1 of multiplexing UCI on the first overlapping transmitted actual repetition could be adopted.  
· Proposal 2: For UCI resource determination for PUSCH repetition Type B adopt Option 3, i.e. 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.
Adopt the related text proposal on the number of coded modulation symbols per layer for UCI to Sec. 6.3.2.4.1.1 for HARQ-ACK in TS 38.212 as described in Sec. 2.2. If adopted, similar changes along the lines of the TP below for HARQ-ACK will also be required for CSI part 1 / 2 as well as for CG in Sec. 6.3.2.4.1.2, 6.3.2.4.1.3, Sec. 6.3.2.4.1.4 and Sec. 6.3.2.4.1.5. 
· Proposal 3: Adopt the text proposal of Sec. 2.3 on the PUSCH power control for PUSCH repetition Type B to Sec. 7.1.1 TS 38.213.  
· Proposal 4: Adopt the text proposal of Sec. 2.4 on the symbols for SSB and CORESET#0 in MIB to Sec. 6.1.2.1 TS 38.214.  
· Proposal 5: Define gap handling for PUSCH repetition Type B in Sec. 6.1.2.1 of TS 38.214, by regarding symbols starting earlier than NRX-TXTC after the end of the last received semi-static DL symbol as invalid symbols. 
· FFS if NRX-TXTCfrom half-duplex UEs is applied (i.e. Table 4.3.2-3 from TS 38.211) or if tighter requirements for PUSCH repetition Type B UEs can be defined. 
Adopt the TP of Sec. 2.5 to clarify the gap handling to Sec. 6.1.2.2 of TS38.214. 
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Appendix: Summary of agreements related to Rel-16 PUSCH enhancements in eURLLC WI
Description of Option 4 from TR 38.824:
[bookmark: OLE_LINK15]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.

Agreements: (RAN1#96bis)
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: (RAN1#96bis)
For both option 4 and 6, frequency hopping is supported
· FFS details

Agreements: (RAN1#97)
· 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

Agreements: (RAN1#98 Prague)

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: (RAN1#98 Prague)
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 
· [bookmark: _Hlk20955125]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

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

Agreements: (RAN1#98bis Chongqing)
· 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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
· 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: (RAN1#98bis Chongqing)
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.

Agreements: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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).

[bookmark: _Hlk30712384]Agreements: (RAN1#98bis Chongqing)
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”.
[bookmark: _Hlk30712476]Agreements: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
· 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
Agreements: (RAN1#99 Reno)
· 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.
[bookmark: _Hlk30712659]Agreements: (RAN1#99 Reno)
· 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: (RAN1#99 Reno)
· For PUSCH repetition type B, L<=14

Agreements: (RAN1#99 Reno)
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH

[bookmark: _Hlk30713180]Agreements: (RAN1#99 Reno)
The column on the number of repetitions numberofrepetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2.
· [bookmark: _Hlk30713157]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: (RAN1#99 Reno)
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: (RAN1#99 Reno)
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: (RAN1#99 Reno)
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.
[bookmark: _Hlk30713530]Agreements: (RAN1#99 Reno)
[bookmark: _Hlk30713339]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: (RAN1#99 Reno)
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): (RAN1#99 Reno)
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: (RAN1#99 Reno)
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: (RAN1#99 Reno)
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: (RAN1#99 Reno)
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
Agreements: (RAN1#100-e)
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: (RAN1#100-e)
The value range for repK remains the same as in Rel-15.
Agreements: (RAN1#100-e)
For PUSCH repetition Type B, S is from 0 to 13, and L is from 1 to 14. (RRC impact)
Agreements: (RRC impact) (RAN1#100-e)
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: (RAN1#100-e)
For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.
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: (RAN1#100-e)
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: (RAN1#100-e)
For PUSCH with repetition Type B, with inter-repetition FH, frequency hopping occurs for each nominal repetition.
Agreements: (RAN1#100-e)
For PUSCH repetition Type B, intra-PUSCH-repetition frequency hopping is not supported. (RRC impact)
Agreements: (RAN1#100-e)
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: (RAN1#100-e)
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: (RAN1#100-e)
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: (RAN1#100-e)
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: (RAN1#100-e)
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: (RAN1#100-e)
For PUSCH with repetition Type B, an actual repetition with a single symbol is not transmitted.
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