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Introduction
In RAN1#100bis e-Meeting, most of the details for PUSCH repetition enhancements are determined. But there are still remaining issues needed to be clarified and resolved, such as 
· How to handle UCI multiplexing on PUSCH repetition Type B.
· Which PUSCH repetition without or with UL-SCH should A-CSI/SP-CSI be transmitted on.
· How to determine UE behavior for half-duplex CA. 
In this contribution, we further discuss the details of the issues above for PUSCH enhancements. 
How to handle UCI multiplexing on PUSCH repetition Type B 
Regarding whether the calculation of UCI resources should be based on the nominal repetition or actual repetition, the summary by feature lead is copied below [1].
	· Option 1: The calculation is based on the nominal repetition, i.e., using the same number of REs as in TBS determination.
· Option 1a: with the additional limit of no more than the resources available in the actual repetition.
· 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.
· 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.
· 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.
· 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.


Based on the above summary, the following proposal was given by feature lead. In our view, the proposal works well. Because the first part, which is used for determining the number of modulated symbols output from coding module, is derived by the TBS of the PUSCH. It means the calculation is better to be based on nominal repetition to align the determination of TBS. Since the second part is also based on nominal repetition, it needs an additional limitation to avoid no more than the resources available in the actual repetition, and it does not cause gNB scheduling restriction compared to Option 1b.   
	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.


[bookmark: _GoBack]Proposal 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, with the additional limit of no more than the resources available in the actual repetition.      
Which PUSCH repetition without or with UL-SCH should A-CSI/SP-CSI be transmitted on
Which PUSCH repetition without UL-SCH should A-CSI/SP-CSI be transmitted on
For the PUSCH repetition Type B conveying A-CSI/SP-CSI only, the following was proposed as shown in the summary of email discussion [2]. 
	Proposal 1a: 
For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded. Down-select among the following:
· Option A: there is no scheduling restriction.
· Option B: UE is not expected to be indicated with number of repetitions >1.
· Option C: The first nominal repetition is not expected to be segmented into multiple actual repetitions.


Given the UE will anyway only transmit A-CSI/SP-CSI on one repetition, a UE can ignore the repetition number in the TDRA table. So, the restriction of Option B would limit gNB scheduling and is completely unnecessary. For Option C, gNB has to wait for a non-segmented resource to transmit A-CSI/SP-CSI, which will cause additional latency. Therefore, our preference is Option A.            
Proposal 2: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded. 
Which PUSCH repetition with UL-SCH should A-CSI be transmitted on
For the PUSCH repetition Type B conveying A-CSI with UL-SCH, the proposal 7a was given by feature lead [2]. We think the proposal will neither bring extra delay to UL-SCH nor unnecessary latency to A-CSI. So this proposal is preferred. 
	Proposal 7a
For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition that fulfills the CSI multiplexing timeline.


Proposal 3: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition that fulfills the CSI multiplexing timeline.  
How to determine UE behavior for half-duplex CA
Collision with semi-static DL symbols in the reference cell 
For half-duplex CA, according to the email discussions [95-NR-06] and [100b-e-NR-TEIs-02], the following agreements and conclusion have been endorsed.
	Agreements: For a UE configured with multiple serving cells in a band or band combination, where the UE is not capable of simultaneous transmission and reception, support a behavior in the following table:
· FFS: other combinations of Semi SFI, RRC and Dynamic 
· FFS: behaviour for SSB in RRM measurements 
· FFS: down-select further between Alt1 and Alt2. Down-selection may be performed independently for case 3 and 6. 
· For the agreed behaviour introduce a new feature as “mandatory with capability” 
· Note: Sep./Dec. UEs are still able to operate HD TDD CA if network ensures same transmission direction across all the serving cells.
· Reference (Ref) cell is the cell with the lowest cell ID among cells: (i) within the band or band combination and (ii) with conflicting directions, and “Other cell” is any cell within the band or band combination other than the Ref cell.  
	No
	Ref cell
	Other cell
	UE behavior
	Note

	1
	Semi SFI D
	Semi SFI U
	Allowed to drop U for inter-band
Error case in intra-band
	Dropping U on other cell
Error case in intra-band

	2
	Semi SFI D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	3
	Semi SFI D
	Dynamic U
	Alt 1: Allowed to drop D for inter-band
Error case in intra-band
	Overriding semi SFI D to F on reference cell for the UE

	
	
	
	Alt 2: Error
	Error

	4
	Semi SFI U
	Semi SFI D
	Allowed to drop D for inter-band
Error case in intra-band
	Dropping D on other cell
Error case in intra-band

	5
	Semi SFI U
	RRC D
	Allowed to drop D 
	Dropping on other cell

	6
	Semi SFI U
	Dynamic D
	Alt 1: Allowed to drop U for inter-band
Error case in intra-band
	Overriding semi SFI U to F on reference cell for the UE

	
	
	
	Alt 2: Error
	Error

	7
	RRC D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	8
	RRC U
	RRC D
	Allowed to drop D
	Dropping on other cell

	9
	Dynamic D
	Dynamic U
	Error
	Error

	10
	Dynamic U
	Dynamic D
	Error
	Error


       Note, in above tables, the terminology is as follows:  
· Semi SFI D and U:  D and U symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated
· Semi SFI F: flexible symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE
· RRC D: symbols corresponding to a higher-layer configured PDCCH, or a PDSCH, or a CSI-RS on semi SFI F of the same cell
· RRC U: symbols corresponding to a higher-layer configured SRS, or PUCCH, or PUSCH, or PRACH on semi SFI F of the same cell
· Dynamic D and U: symbols scheduled as D and U by DCI formats other than DCI format 2_0 on semi SFI F of the same cell
· Note: there is no intention to change the existing behavior w.r.t. how to update the reference cell
Agreement: 
· For case 3, down-select Alt 1
· For case 6, down-select Alt 2    
· Note: above down-selection applies to NR CA only
For the remaining cases, adopt the following behavior:
	No
	Ref cell
	Other cell
	UE behavior
	Note

	11
	RRC U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	12
	Dynamic U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	13
	RRC D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell

	14
	Dynamic D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell

	15
	RRC U
	Dynamic D
	Alt 2: Error
	

	16
	RRC D
	Dynamic U
	Alt 1: Allowed to drop D for inter-band
Error case in intra-band
	

	17
	Dynamic U
	RRC D
	Allowed to drop D
	Dropping on other cell

	18
	Dynamic D
	RRC U
	Allowed to drop U
	Dropping on other cell


Agreement: 
Half-duplex CA UE determines reference cell per symbol as a cell with the lowest cell ID among multiple serving cells in a band or band combination having direction determined by RRC D/U or semi SFI D/U 
· Note: this overrides earlier agreements “ Reference (Ref) cell is the cell with the lowest cell ID among cells: (i) within the band or band combination and (ii) with conflicting directions, and “Other cell” is any cell within the band or band combination other than the Ref cell.” 
· Note: Agreed cases 12, 14, 17 and 18 are not needed anymore
Note: Agreed cases 9 and 10 should apply to collisions between two cells irrespective of a cell being reference or other
Conclusion: 
The reference cell is determined with excluding the effects of UL TA and DL and UL timing differences.
The existence of directional conflict between cells is determined with including the effects of UL TA and DL and UL timing differences.
The error cases resulting from the discrepancy between the methods of reference cell determination and duplex direction conflict determination will not be discussed further in Rel-16. These cases include at least:
•	duplex direction conflict between cells where both cells are reference
•	duplex direction conflict between cells where there is no reference
•	conflict between Dynamic D and Dynamic U


Based on all collided cases listed above, the cases with dropping uplink transmission are summarized below in Table 1. 
Table1 Cases with dropping uplink transmission for half-duplex CA
	Case No. 
	Ref cell
	Other cell
	UE behavior
	Note

	1
	Semi SFI D
	Semi SFI U
	Allowed to drop U for inter-band
Error case in intra-band
	Dropping U on other cell
Error case in intra-band

	2
	Semi SFI D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	7
	RRC D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	13
	RRC D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell


In Rel-16, when a UE indicates the support of capability for half-duplex operation in CA with unpaired spectrum, and satisfies the condition of operation half-duplex TDD CA, we should further analyze the UE behavior corresponding to those cases in Table 1 for PUSCH repetition Type A and Type B.
For PUSCH repetition Type A, we think the corresponding UE behavior for collision cases in Table 1 can be reused here. That is, the UE behavior agreed in TP for half-duplex CA is reused.
For PUSCH repetition Type B, 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 a normal duplex UE as discussed before. Similarly, a symbol should be considered as an invalid symbol for PUSCH repetition Type B transmission on the other cell if the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell. More detailed analysis is given below. 
· For Case 1, the corresponding spec is copied below, where higher layers configured transmissions such as SRS, PUCCH, PUSCH, or PRACH are dropped for inter-band when tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as uplink on the other cell and as downlink for the reference cell, respectively. Instead of simply dropping, these uplink symbols on the other cell should be considered as invalid symbols for PUSCH repetition Type B for Type 1 configured grant. That means UE can still transmit PUSCH repetition Type B by segmenting into one or more actual repetitions on the remaining valid symbols.  
	the UE 
-	UE assumes symbol as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the other cell and as uplink or downlink for the reference cell, respectively,  


· For Case 2, the corresponding spec is copied below, where a PUCCH, PUSCH or PRACH transmission that is configured by higher layers on a set of symbols on another cell is dropped if at least one symbol from the set of symbols for the transmission is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell. Similar to Case1, instead of simply dropping, a set of symbols on another cell indicated as downlink for the reference cell should be considered as invalid symbols for PUSCH repetition Type B for Type 1 configured grant.
	the UE 
...
-	does not transmit a PUCCH, PUSCH or PRACH that is configured by higher layers on a set of symbols on another cell if at least one symbol from the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell 


· For Case 7 and 13, the dropping of the transmission on the other cell is due to overlapping with a set of symbols that are indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigDedicated as flexible and configured as downlink on the reference cell. In previous discussion, in the case of slot configuration, only semi-static DL symbols could be considered as invalid symbol. Thus, the agreed TP for half-duplex CA can be reused for these cases.
Note that, the dropped transmission of PUSCH for both Case 1 and Case 2 is PUSCH configured by higher layers, i.e., Type 1 configured grant PUSCH.
Proposal 4: In case of half-duplex operation in CA, a symbol is considered as an invalid symbol for PUSCH repetition Type B transmission with Type 1 configured grant on another cell if the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell.
Collision with SSB in the one cell 
The UE behavior for the collision between SSB and uplink transmission in different cells for half-duplex operation in CA is specified as follows.
	11.1	Slot configuration
<---------------------------Other parts are omitted ------------------------------->
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = ‘enable’, 
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, 
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or 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 in any of multiple serving cells. 
<---------------------------Other parts are omitted ------------------------------->


In RAN1 #100bis e-Meeting, for PUSCH repetition Type B with full-duplex operation in CA, collision with SSB is agreed as shown below.
	Agreements:
For operation in unpaired spectrum, symbols that are indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered invalid symbols for PUSCH repetition Type B, and segmentation occurs around these invalid symbols.


Similarly, for half-duplex CA, a symbol should be considered as an invalid symbol for PUSCH repetition Type B transmission in any of multiple serving cells if the symbol is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon. 
Proposal 5: In case of half-duplex operation in CA, a symbol is considered as an invalid symbol for PUSCH repetition Type B transmission in any of multiple serving cells if the symbol is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon.

[bookmark: OLE_LINK3]Based on Proposal 5 and Proposal 6 above, we have the following text proposal. 
[bookmark: OLE_LINK4]Proposal 6: Adopt Text Proposal 1 below for Section 6.1.2.1 in TS38.214.
--------------------------------------------Text Proposal 1 for Section 6.1.2.1 in TS38.214 [3] -------------------------------
	6.1.2.1	Resource allocation in time domain
<---------------------------Other parts are 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 is considered as an invalid symbol for PUSCH transmission with a Type 1 configured grant on another cell if the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell, when a UE indicates support of capability for half-duplex operation in CA with unpaired spectrum and satisfies the conditions as described in [6, TS 38.213 Clause 11.1].
-	A symbol is considered as an invalid symbol for PUSCH transmission in any of multiple serving cells if the symbol is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when a UE indicates support of capability for half-duplex operation in CA with unpaired spectrum and satisfies the conditions as described in [6, TS 38.213 Clause 11.1].
<---------------------------Other parts are omitted ------------------------------->



[bookmark: _Toc483812420]Conclusions
According to the analysis given above, we have the following proposals:
Proposal 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, with the additional limit of no more than the resources available in the actual repetition.   
Proposal 2: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded. 
Proposal 3: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition that fulfills the CSI multiplexing timeline. 
Proposal 4: In case of half-duplex operation in CA, a symbol is considered as an invalid symbol for PUSCH repetition Type B transmission with Type 1 configured grant on another cell if the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell.
Proposal 5: In case of half-duplex operation in CA, a symbol is considered as an invalid symbol for PUSCH repetition Type B transmission in any of multiple serving cells if the symbol is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon.
Proposal 6: Adopt Text Proposal 1 below for Section 6.1.2.1 in TS38.214.
--------------------------------------------Text Proposal 1 for Section 6.1.2.1 in TS38.214 [3] -------------------------------
	6.1.2.1	Resource allocation in time domain
<---------------------------Other parts are 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 is considered as an invalid symbol for PUSCH transmission with a Type 1 configured grant on another cell if the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell, when a UE indicates support of capability for half-duplex operation in CA with unpaired spectrum and satisfies the conditions as described in [6, TS 38.213 Clause 11.1].
-	A symbol is considered as an invalid symbol for PUSCH transmission in any of multiple serving cells if the symbol is indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when a UE indicates support of capability for half-duplex operation in CA with unpaired spectrum and satisfies the conditions as described in [6, TS 38.213 Clause 11.1].
<---------------------------Other parts are omitted ------------------------------->
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