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Introduction
In RAN1#100 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.
· Power control on PUSCH repetition Type B.
· Whether or not the PUSCH repetition Type B conveying A-CSI/SP-CSI only can support repetition. 
· Remaining issues on interaction with DL/UL directions. 
· Clarification on values for S and L for Extended CP.
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 
Based on the summary of email discussion[1], there are two remaining issues should be further determined for UCI multiplexing on PUSCH repetition Type B, 1) which PUSCH repetition should UCI be multiplexed on, 2) how to determine the UCI resource. In this section below, we provide our views on these two aspects.
 Which PUSCH repetition should UCI be multiplexed on
For the collision between UCI and PUSCH, the following cases are specified in Rel-15. 
· Case 1: A UE transmits a PUSCH over multiple slots. 
· Case 1-1: 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.
· Case 1-2: The UE would transmit a PUCCH over a first number [image: ] of slots and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots.
· Case 1-3: If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
· Case 2: If a UE transmits multiple PUSCHs over one or more slots, and the UE would transmit a PUCCH carrying UCI that overlaps with the multiple PUSCHs in a slot.
  For Case 1, we think Rel-15 rule can be reused by replacing PUSCH transmission with actual PUSCH repetition. That is, the UCI multiplexing/PUSCH dropping is based on actual repetition.
  For Case 2, the multiple PUSCHs can be scheduled on different CCs or by different grant types (CG or DG) or with carrying different UCI types. In order to determine which PUSCH the UCI should be multiplexed on, the following Rel-15 conclusion can be reused here. 
	Conclusion
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.


Overall, Rel-15 multiplexing rules can be reused for both above two cases, while it should be based on actual repetition for Case 1. 
Proposal 1: For UCI multiplexing on PUSCH with Type B repetition, Rel-15 multiplexing rules are reused based on actual repetition.
· Adopt Text Proposal 1 below for Section 9 and 9.2.6 in TS 38.213.
----------------------------Text Proposal 1 for Section 9 and Section 9.2.6 in TS 38.213 [4]-------------------------------
	9 [bookmark: _Toc26719403][bookmark: _Toc20311578][bookmark: _Toc12021466][bookmark: _Toc36498164][bookmark: _Toc29899553][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29917290]UE procedure for reporting control information
<---------------------------Other parts are omitted ------------------------------->
[bookmark: _GoBack]If a UE transmits a PUSCH over multiple slots repetitions 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 repetitions slots of the multiple repetitions slots, and the PUSCH transmission in the one or more repetitions 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 repetitionsslots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a repetition slot from the multiple repetitions slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the repetition in case the PUSCH transmission was absent. For PUSCH repetition Type B, the repetition is an actual repetition, as described in [6, TS 38.214 Clause 6.1.2].
If the PUSCH transmission over the multiple repetitions slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any repetition slot from the multiple repetitions slots where the UE multiplexes HARQ-ACK information. For PUSCH repetition Type B, the repetition is an actual repetition, as described in [6, TS 38.214 Clause 6.1.2].
[bookmark: _Toc29917309][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899572][bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc36498183][bookmark: _Toc29899154]<---------------------------Other parts are omitted ------------------------------->

9.2.6	PUCCH repetition procedure
<---------------------------Other parts are omitted ------------------------------->
If a UE would transmit a PUCCH over a first number [image: ] of slots and the UE would transmit a PUSCH over a second number of repetitionsslots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more repetitionsslots, and the conditions in Clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping repetitionsslots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping repetitionsslots. For PUSCH repetition Type B, the repetition is an actual repetition, as described in [6, TS 38.214 Clause 6.1.2].
<---------------------------Other parts are omitted ------------------------------->



2.2 How to determine the UCI resource
Based on the above analysis for Case 1, UCI should be multiplexed on one or more actual PUSCH repetitions fulfilling the timeline conditions defined in Section 9.2.5 in TS 38.213. But whether the calculation of UCI resources should be based on the nominal repetition or actual repetition is FFS. Take HARQ-ACK as an example, the number of coded modulation symbols per layer for HARQ-ACK transmission is calculated as shown below in Rel-15.
[image: ]
Based on the summary of email discussion[1], several options were discussed, and 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.
	Proposal: 
For determining the number of REs used for UCI when multiplexing on PUSCH repetition Type B, the calculation is based on the nominal repetition, with the additional limit of no more than the resources available in the actual repetition.


Proposal 2: For determining the number of REs used for UCI when multiplexing on PUSCH repetition Type B, the calculation is based on the nominal repetition, with the additional limit of no more than the resources available in the actual repetition.      
Power control on PUSCH repetition Type B 
In the summary of email discussion[1], it was agreed that PUSCH transmit power was determined based on the nominal repetition duration for PUSCH repetition Type B. But the corresponding TP was not agreed since companies want to further check whether there is any issue if transmission occasion i defined in the spec for power control is nominal repetition. In this section below, we provide our views on the definition of transmission occasion i corresponding to PUSCH transmit power. 
The UE determines the PUSCH transmission power[image: ]in PUSCH transmission occasion i is shown below.    
[image: ]
Based on the PUSCH power control equation which is copied as above, there are four variables related to transmission occasion i:
· 
: The UE is allowed to set its configured maximum out power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds [Section 6.2.4 in 38.101]:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
Where the value of MPR (Maximum Power Reduction) is based on MCS and transmitting bandwidth configuration, and the values of other variables can be directly acquired from the corresponding tables of section 6.2 in TS 38.101. All these values are independent with transmission occasion i. In other words, no matter the transmission occasion i is defined as nominal or actual repetition, the maximum out power have the same value.           
· 
: It is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion i. The variable doesn’t affect the definition of transmission occasion i. 
· 
 : This parameter is mainly for BPRE depending on[image: ]. Where [image: ] is a number of 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 in PUSCH symbol j. If[image: ]is defined as a number of symbols for the corresponding nominal PUSCH repetition aligned with the determination of a number of transmitted code blocks, DM-RS and PT-RS location can be also determined by the duration of nominal PUSCH. There are no need for additional modifications for this parameter.
· [image: ]: This parameter is to calculate a summation of TPC command values, and we don’t found any issues if this parameter is based on nominal repetition. 
Except for the calculation of PUSCH transmission power, the PUSCH power headroom report (PHR) is also related to transmission occasion i. The UE determination of PHR in PUSCH transmission occasion i is defined in Section 7.7.1 in TS 38.213. The equation is listed below.
[image: ] [dB]
where [image: ], [image: ], [image: ], [image: ], [image: ], [image: ] and [image: ] are defined in Clause 7.1.1 in TS 38.213. 
Similarly to PUSCH transmission power, there are the same four variables related to transmission occasion i for PHR. We don’t find any spec impact if transmission occasion i is defined by nominal repetition.    
Based on the above analysis, we think there is no additional spec impact except for clarifying that PUSCH transmission occasion i is a nominal repetition. Therefore, we propose the following text proposal. 
Proposal 3: Adopt Text Proposal 2 below for Section 7 in TS38.213. 
--------------------------------------------Text Proposal 2 for Section 7 in TS38.213 [2]--------------------------------
	7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ]. For PUSCH repetition Type B, the number of consecutive symbol L is the number of symbols in a nominal repetition, as described in [6, TS 38.214 Clause 6.1.2]. 
<---------------------------Other parts are omitted ------------------------------->


Whether or not the PUSCH repetition Type B conveying A-SCI/SP-CSI only is repeat
For the PUSCH repetition Type B conveying A-CSI/SP-CSI only, the following agreement was reached as shown in the summary of email discussion[1]. Whether PUSCH repetition Type B conveying only A-CSI/SP-CSI supports repetition transmission is FFS. 
Agreement:(RRC impact)
Introduce reportSlotOffsetList-r16-ForDCIFormat0_1and 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.
For PUSCH repetition in Rel-15, it is specified that the UE shall repeat the TB across the K consecutive slots. The PUSCH repetition conveying A-CSI/SP-CSI only without TB would not repeat over multiple slots. That is, it doesn’t support repetition transmission for A-CSI/SP-CSI in PUSCH in Rel-15.
In Rel-16, given A-CSI/SP-CSI can also be indicated as high priority, it would be also desirable to repeat the PUSCH for reliability purpose. In addition, the repetition number of Type B is anyway dynamic, gNB can choose to repeat or not based on the channel conditions. Based on the current Rel-16 spec, for PUSCH repetition Type B, it is defined that a UE shall repeat the PUSCH repetition Type B transmission across the K nominal repetitions as shown below. Here, it means the UE shall repeat the PUSCH repetition Type B not just the TB. Hence, it has been already supported in current spec.    
	[Section 6.1.2.1 in TS 38.214]
<---------------------------Other parts are 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.
<---------------------------Other parts are omitted ------------------------------->


          
Proposal 4: When the PUSCH repetition Type B carries A-CSI/SP-CSI only, the number of nominal repetitions can be equal to or larger than 1. No Spec change is needed.  
Remaining issues on interaction with DL/UL directions
 Which symbols can be indicated to invalid symbols
Based on the summary of feature lead [3], if a nominal repetition is collided with the following cases, how to handle the nominal repetition should be discussed. 
· Case 1: Collision with SSB. For operation on a single carrier in unpaired spectrum in Rel-15, for a set of symbols of a slot that are 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 [Section 11.1 in 38.213]. Similarly to the downlink symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, these symbols should be considered as invalid symbols for PUSCH repetition Type B. If a nominal repetition collides with these symbols, it should be segmented into multiple actual repetitions.   
· Case 2: Collision with CORESET#0 in MIB. In Rel-15, 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 [Section 11.1 in 38.213]. Similarly, these symbols should be considered as invalid symbols for PUSCH repetition Type B. 
Proposal 5: Invalid symbols for PUSCH repetition Type B should include
· symbols that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in  ServingCellConfigCommon for reception of SS/PBCH blocks, and
· symbols that are indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set.
· Adopt Text Proposal 3 below for Section 6.1.2.1 in TS38.214.
           
--------------------------------------------Text Proposal 3 for Section 6.1.2.1 in TS38.214 [4]--------------------------------
	[bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29674338][bookmark: _Toc11352143][bookmark: _Toc29673345][bookmark: _Toc29673204]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 that is indicated to the UE for reception of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon are considered as an invalid symbol for PUSCH repetition Type B transmission.
-	A symbol that is indicated to the UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, is considered as an invalid symbol for PUSCH repetition Type B transmission.
<---------------------------Other parts are omitted ------------------------------->


 Collision with PRACH transmission
In Rel-15, for single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP [Section 8.1 in 38.213]. 
For collision between PUSCH repetition type B transmission and PRACH transmission in Rel-16, it needs to clarify whether the PUSCH repetition should be a nominal repetition or actual repetition. 
As an example shown in Figure 1, part of nominal repetition #2 and PRACH transmission are in a same slot. If the dropping is based on nominal repetition, the whole nominal repetition #2 together with PRACH transmission will be completely dropped. On the other hand, if it is based on actual repetition, only actual PUSCH repetition #3 is dropped while actual PUSCH repetition #2 can still be transmitted. 


Figure 1 Collision between PUSCH repetition type B transmission and PRACH transmission
Based on above, it is beneficial to be based on actual repetition to handle the collision between PUSCH repetition type B transmission and PRACH transmission. 
Proposal 6: For handling collision between PUSCH repetition type B transmission and PRACH transmission, the PUSCH repetition is an actual repetition.
· Adopt Text Proposal 4 below for Section 8.1 in TS38.213
--------------------------------------------Text Proposal 4 for Section 8.1 in TS38.213 [2]--------------------------------
	8	Random access procedure
<---------------------------Other parts are omitted ------------------------------->
8.1	Random access preamble
<---------------------------Other parts are omitted ------------------------------->
For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than [image: ] symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where [image: ] for [image: ] or [image: ], [image: ] for [image: ] or [image: ], and [image: ] is the SCS configuration for the active UL BWP. For PUSCH repetition Type B, the PUSCH is an actual repetition, as described in [6, TS 38.214 Clause 6.1.2].


 UE behavior for half-duplex CA
Collision with semi-static DL symbols in the reference cell 
For half-duplex CA, there is an endorsed TP provided in R1-1913440 and has been incorporated in the specification in TS 38.213 [2]. And according to the email discussion [95-NR-06], the following agreements 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






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

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

	18
	Dynamic D
	RRC 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 overlaps with a symbol that 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.
	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, 13, 14, 18, the dropping of the transmission on the other cell is due to overlapping with a set of symbols that are configured by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigDedicated as flexible on the reference cell. In previous discussion, 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 7: 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 overlaps with a symbol that 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 ------------------------------->


Similar to the discussion above, a symbol should be considered as an invalid symbol for PUSCH repetition Type B transmission in any of multiple serving cells if the symbol overlaps with a symbol that 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 8: 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 overlaps with a symbol that 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.

Based on Proposal 7 and Proposal 8 above, we have the following text proposal. 
Proposal 9: Adopt Text Proposal 5 below for Section 6.1.2.1 in TS38.214.
--------------------------------------------Text Proposal 5 for Section 6.1.2.1 in TS38.214 [4]--------------------------------
	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 overlaps with a symbol that 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 overlaps with a symbol that 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 ------------------------------->



Clarification on values for S and L for Extended CP
In RAN1#100 e-Meeting, values for S and L for PUSCH repetition Type B is agreed as shown below.
Agreements:
For PUSCH repetition Type B, S is from 0 to 13, and L is from 1 to 14. (RRC impact)
From the agreement, it seems the values of S and Lare only defined for normal cyclic prefix. However, it seems no reason to preclude PUSCH repetition Type B from extended cyclic prefix (ECP). Therefore, a counterpart proposal for ECP is raised below. 
Proposal 10: For PUSCH repetition Type B, S is from 0 to 11, and L is from 1 to 12 for extended cyclic prefix.
· Adopt Text Proposal 6 below for Section 6.1.2.1 in TS 38.214
--------------------------------------------Text Proposal 6 for Section 6.1.2.1 in TS 38.214 [4]-------------------------------


	 6.1.2.1	Resource allocation in time domain
<---------------------------Other parts are omitted ------------------------------->
-	For PUSCH repetition Type B, the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are provided by startSymbol and length of the indexed row of the resource allocation table, respectively.
-	For PUSCH repetition Type A, the PUSCH mapping type is set to Type A or Type B as defined in Clause 6.4.1.1.3 of [4, TS 38.211] as given by the indexed row. 
-	For PUSCH repetition Type B, the PUSCH mapping type is set to Type B.
The UE shall consider the S and L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14} (repetitionType A only)
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…
,12}
	{1,…,12} for repetition Type A, {1,...,23} for repetition Type B 




	<---------------------------Other parts are omitted ------------------------------->


 
[bookmark: _Toc483812420]Conclusions
According to the analysis given above, we have the following proposals:
Proposal 1: For UCI multiplexing on PUSCH with Type B repetition, Rel-15 multiplexing rules are reused based on actual repetition.
· Adopt Text Proposal 1 below for Section 9 and 9.2.6 in TS 38.213.
Proposal 2: For determining the number of REs used for UCI when multiplexing on PUSCH repetition Type B, the calculation is based on the nominal repetition, with the additional limit of no more than the resources available in the actual repetition.   
Proposal 3: Adopt Text Proposal 2 below for Section 7 in TS38.213. 
Proposal 4: When the PUSCH repetition Type B carries A-CSI/SP-CSI only, the number of nominal repetitions can be equal to or larger than 1. No Spec change is needed.  
Proposal 5: Invalid symbols for PUSCH repetition Type B should include:
· Symbols that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in  ServingCellConfigCommon for reception of SS/PBCH blocks;
· Symbols that are indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set. 
And adopt Text Proposal 3 below for Section 6.1.2.1 in TS38.214.
Proposal 6: For handling collision between PUSCH repetition type B transmission and PRACH transmission, the PUSCH repetition is a nominal repetition.
· Adopt Text Proposal 4 below for Section 8.1 in TS38.213
Proposal 7: 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 overlaps with a symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on the reference cell.

Proposal 8: 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 overlaps with a symbol that 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 9: Adopt Text Proposal 5 below for Section 6.1.2.1 in TS38.214.

Proposal 10: For PUSCH repetition Type B, S is from 0 to 11, and L is from 1 to 12 for extended cyclic prefix.
· Adopt Text Proposal 6 below for Section 6.1.2.1 in TS38.214
Note about Text Proposal 1~6 are given in the main body of this contribution. 
References
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[4] 3GPP TS 38.214-g10, Physical layer procedures for data, Release 16. 

2

image5.wmf
)

(

,

,

i

P

c

f

CMAX


oleObject2.bin

image6.wmf
)

(

,

,

,

i

M

PUSCH

c

f

b

RB


oleObject3.bin

image7.wmf
)

(

,

,

,

i

c

f

b

TF

D


image8.wmf
å

-

=

×

=

1

)

(

0

RB

data

sc,

PUSCH

,

,

RB,

RE

PUSCH

,

,

symb,

)

,

(

)

(

i

N

j

c

f

b

c

f

b

j

i

N

i

M

N


image9.wmf
)

(

PUSCH

,

,

symb,

i

N

c

f

b


image10.wmf
i


image11.wmf
b


image12.wmf
f


image13.wmf
c


image14.wmf
)

,

(

RB

data

sc,

j

i

N


image15.wmf
(

)

å

-

=

+

-

=

1

0

,

,

PUSCH,

0

,

,

,

,

)

,

(

)

,

(

)

,

(

i

D

m

c

f

b

c

f

b

c

f

b

l

m

l

i

i

f

l

i

f

C

d


image16.wmf
{

}

)

,

(

)

(

)

(

)

(

))

(

2

(

log

10

)

(

)

(

)

,

,

,

(

,

,

,

,

TF,

,

,

,

,

PUSCH

,

,

RB,

10

,

,

O_PUSCH,

,

,

CMAX

,

,

type1,

l

i

f

i

q

PL

j

i

M

j

P

i

P

l

q

j

i

PH

c

f

b

c

f

b

d

c

f

b

c

f

b

c

f

b

c

f

b

c

f

d

c

f

b

+

D

+

×

+

×

+

-

=

a

m


image17.wmf
(

)

i

P

c

f

,

,

CMAX


image18.wmf
)

(

,

,

O_PUSCH,

j

P

c

f

b


image19.wmf
)

(

PUSCH

,

,

RB,

i

M

c

f

b


image20.wmf
)

(

,

,

j

c

f

b

a


image21.wmf
)

(

,

,

d

c

f

b

q

PL


image22.wmf
)

(

,

,

TF,

i

c

f

b

D


image23.wmf
)

,

(

,

,

l

i

f

c

f

b


image24.wmf
i


image25.wmf
m

s,f

n


image26.wmf
SFN


image27.wmf
S


image28.wmf
L


image29.wmf
N


image30.wmf
2

=

N


image31.wmf
0

=

m


image32.wmf
1

=

m


image33.wmf
4

=

N


image34.wmf
2

=

m


image35.wmf
3

=

m


image36.wmf
m


oleObject4.bin
actual  rep#1


 6 symbols


 4 symbols


 4 symbols


Slot boundary


Slot n


actual  rep#2


 2 symbols


PRACH transmission


...


Slot n+1


Nominal rep#1


Nominal rep#2


actual rep#3


SCS=15KHz, PUSCH repetition,K=2



image37.emf
actual  rep#1

6 symbols 4 symbols 4 symbols

Slot n

actual  rep#2

2 symbols

PRACH 

transmission

...

Slot n+1

Nominal rep#1 Nominal rep#2

Slot boundary

actual 

rep#3

SCS=15KHz, PUSCH repetition,K=2


image1.wmf
1

repeat

PUCCH

>

N


image2.wmf
(

)

(

)

(

)

ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

ú

ú

ú

ù

ê

ê

ê

é

×

ú

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

ê

é

×

×

+

=

¢

å

å

å

-

=

-

=

-

=

-

1

UCI

sc

1

0

1

0

UCI

sc

PUSCH

offset

ACK

ACK

ACK

PUSCH

all

symb,

0

SCH

UL

PUSCH

all

symb,

,

min

N

l

l

C

r

r

N

l

l

M

K

l

M

L

O

Q

a

b


image3.wmf
)

,

,

,

(

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b


image4.wmf
ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

×

+

=

)

,

(

)

(

)

(

)

(

))

(

2

(

log

10

)

(

),

(

min

)

,

,

,

(

,

,

,

TF,

,

,

,

,

PUSCH

,

RB,

10

,

O_PUSCH,

,

,

CMAX

,

PUSCH,

l

i

f

i

q

PL

j

i

M

j

P

i

P

l

q

j

i

P

c

f

b

f,c

b

d

c

f

b

c

f

b

f,c

b

f,c

b

c

f

d

f,c

b

a

m


oleObject1.bin

