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1 Introduction
In this contribution, we discuss remaining issues on Rel-16 PUSCH repetition type B. 

2 [bookmark: OLE_LINK69]Discussion on DL/UL interaction for Type-B PUSCH repetitions
In the last RAN1#100bis e-meeting, it was agreed that symbols for SS/PBCH block and Type-0 CSS are included as invalid symbols. Also, gap symbols after the last DL symbols are also included as invalid symbol. The detail agreements are as follows. [1]
	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.
Agreements:
For operation in unpaired spectrum, symbols indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS are considered as invalid symbols for PUSCH repetition Type B, and segmentation occurs around these symbols.
Agreements:
For operation in unpaired spectrum, introduce a new RRC parameter numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last semi-static DL symbol that are invalid symbols for PUSCH repetition Type B.
· The candidate values include {1, 2, 3, 4}.
· If not configured, it means no symbols are explicitly defined for DL-to-UL switching.



Half-Duplex CA Operation
If a UE has no capability to receive DL channel/signal on a cell and transmit UL channel/signal on different cells at the same time, the UE should select one direction (i.e., either of reception or transmission). To define UE behaviour for collision handling for half-duplex CA operation, some agreements were made via email discussion after RAN1#95 but it was agreed in RAN1#96 that the agreements made during email discussion [95-NR-06] was postponed to Rel-16. In the previous RAN1#100bis e-meeting, the CR for half-duplex CA was endorsed in Rel-16 TEI [3]. The section 11.1 on TS 38.213 related to half-duplex CA are shown below:
	[bookmark: _Ref500831375][bookmark: _Toc12021489][bookmark: _Toc20311601][bookmark: _Toc26719426][bookmark: _Toc29894862][bookmark: _Toc29899161][bookmark: _Toc29899579][bookmark: _Toc29917318][bookmark: _Toc36498192]11.1	Slot configuration
…
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	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 on any of the multiple serving cells,
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.


Based on the CR, if a UE operates as half-duplex CA mode, the UE would prioritize SS/PBCH reception in any of multiple serving cells over any UL transmissions. That is, the UE drops the PUSCH transmission if a PUSCH transmission overlaps with a set of symbols for the reception of SS/PBCH blocks in any of multiple serving cell. However, rather than dropping a PUSCH repetition for PUSCH repetition Type-B, it would be better to consider a set of symbols for the reception of SS/PBCH blocks in any of multiple serving cells as invalid symbols for PUSCH repetition Type B to maintain the reliability of PUSCH repetition. And this is same as symbols reception of SS/PBCH blocks being considered as invalid symbols for operation in the unpaired spectrum.
· Proposal 1: For a UE operating half-duplex CA, the symbols for SS/PBCH block reception in any of multiple serving cells are regarded as invalid symbols for PUSCH repetition type B. 
· Proposal 2: Adopt the following text proposal for TS38.214.
	===========================The Start of Text Proposal of TS38.214============================
[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338]6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	If the 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 on any of the multiple serving cells, a symbol that is indicated as SS/PBCH block reception in any cell of multiple serving cells is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	Otherwise, a symbol that is indicated as SS/PBCH block reception on the cell where the PUSCH repetition Type B transmission is scheduled is considered as an invalid symbol for PUSCH repetition Type B transmission.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================



Discussion on gap symbols after SS/PBCH block or Type-0 CSS
In the previous RAN1#100bis e-meeting, it was agreed to introduce a new RRC parameter numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last semi-static DL symbol that are invalid symbols for PUSCH repetition Type B. The main motivation of introducing the RRC parameter is to ensure enough RX-to-TX switching period after the last DL symbols. Also, it was agreed that symbols for SS/PBCH block or Type-0 CSS are considered as invalid symbols for PUSCH repetition Type-B. The main motivation is to prevent PUSCH repetition Type-B from being transmitted on the symbols for the reception of SS/PBCH block or Type-0 CSS, which are important for initial access and RRM measurements. Based on the agreements, the symbols for the reception of SS/PBCH block or Type-0 CSS are protected, i.e., these symbols are not used for PUSCH repetition Type-B. However, the UE cannot receive the SS/PBCH block or Type-0 CSS on semi-static flexible symbols because there is no enough RX-to-TX switching gap period between the reception of SS/PBCH block or Type-0 CSS and PUSCH repetition Type-B. In this case, if the UE fails to correctly receive the SS/PBCH block, it may degrade the DL channel measurement quality of the UE receiving the SS/PBCH block. In other words, to ensure high-quality measurements, it would be better to make possibly the UE receive the SS/PBCH block regardless of the presence of a PUSCH repetition Type-B. Thus, similarly as the motivation of introducing RX-to-TX switching period after the last DL symbol, introduction of gap symbols after the SS/PBCH block reception is necessary.
· Proposal 3: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol for the reception of SS/PBCH block that are invalid symbols for PUSCH repetition Type B.
In order to ensure enough RX-to-TX switching period to receive a PDCCH in Type-0 CSS, we can also apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol of monitoring occasion in Type-0 CSS that are invalid symbols for PUSCH repetition Type B. 
· [bookmark: _Hlk40369496]Proposal 4: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol of PDCCH monitoring occasion in Type-0 CSS that are invalid symbols for PUSCH repetition Type B.

Whether to use gap symbols or not for the first nominal repetition
Introduction of explicit gap symbols helps that a UE has enough RX-to-TX switching period between DL signal/channel reception and Type-B PUSCH transmission. One considering point is that even if gNB does not schedule any DL signal/channels on the last DL symbol to a UE, the UE always reserves gap symbols after the last DL symbol and the Type-B PUSCH nominal repetition is segmented around the gap symbols. Basically, since a UE may miss a PDCCH scheduling the DL signal/channel, the UE cannot know that the DL signal/channel is scheduled on the last DL symbol. However, the gNB knows all of DL and UL scheduling decisions for the UE. In other words, even if the gap symbols are configured to the UE, the gNB makes a decision to allocate the gap symbol to a PUSCH transmission Type-B. Note that it was up to the gNB’s implementation in Rel-15 to ensure RX-to-TX switching period between DL signal/channel reception and PUSCH transmission. In case of the PUSCH transmission Type-B in Rel-16, the time domain resource assignment for first nominal PUSCH repetition is explicitly indicated by the PDCCH. So, we can adopt the same principle to the first nominal PUSCH repetition depending on the gNB’s implementation, i.e., if the first nominal repetition scheduled by a PDCCH overlaps with gap symbols, then the UE uses the gap symbol for the first nominal PUSCH repetition (does not consider the gap symbols as invalid). However, since the PDCCH does not indicate time domain resource assignment for PUSCH nominal repetitions other than the first PUSCH nominal repetition, the gap symbol overlapping with the PUSCH nominal repetitions other than the first nominal repetition should be considered as invalid symbol. 
An example is shown in figure 1, where 2 symbols are configured as gap symbols after the last DL symbol. Even if DL signal/channel is not scheduled to a UE, the gap symbols after the last DL symbol are reserved in figure 1-(a). However, in figure 1-(b), the gap symbols can be used for the first nominal PUSCH repetition (rep#0 in figure 1). 
[image: ]
Figure 1. Gap symbols for the first nominal repetition of the PUSCH repetition Type-B

· Proposal 5: If the first nominal repetition scheduled by a PDCCH overlaps with gap symbols, do not consider the gap symbols as invalid symbols for PUSCH repetition Type-B (i.e., use the gap symbols for the first nominal repetition)

Discussion on subcarrier spacing of gap symbols
An unclear point in the last RAN1 agreements regarding gap symbols is that which subcarrier spacing is used for the newly introduced RRC parameter numberInvallidSymbolsForDL-UL-Switching. To define the gap symbols clearly and correctly, single subcarrier spacing among multiple subcarrier spacings should be specified in the specification. For example, there are at least three subcarrier spacings; active DL BWP SCS, active UL BWP SCS, and reference SCS for semi-static UL/DL configurations. It is shown in figure 2 that active UL BWP SCS is used in figure 2-(a) and active DL BWP SCS is used in figure 2-(b). As shown in figure 2, without specifying subcarrier spacing of gap symbols, the exact gap symbols seem to be unclear. 
[image: ]
Figure 2. SCS of gap symbols

If the gap symbols are only used to make a RX-to-TX switching period, any SCSs among the three SCSs can be used and the gNB selects the number of gap symbols based on the used SCS. However, if the gap symbols are also used to align UL/DL configuration for avoiding unnecessary UL-DL interference across neighbouring cells, then it would be better to use reference SCS for semi-static UL/DL configurations. It is because the gNB may carefully choose the reference SCS for semi-static UL/DL configurations and configure symbol directions based on the reference SCS by considering potential UL-DL interference across neighbouring cells. 
· Proposal 6: Specify subcarrier spacing of gap symbols configured by numberInvallidSymbolsForDL-UL-Switching.

3 Discussion on UCI multiplexing for Type-B PUSCH repetitions
In the last RAN1#100bis e-meeting, RAN1 discussed remaining issues on UCI multiplexing and the following agreements were made: 
	Agreements:
In case of PUCCH overlapping with PUSCH with repetition Type B,
· Option A: Multiplexing timeline conditions in Clause 9.2.5 of TS 38.213 shall be satisfied for all the overlapping actual repetitions. Otherwise it is considered as an error case.
Agreements: In case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on only one actual repetition (including the case where a PUCCH overlaps with a PUSCH with repetition Type B in multiple slots). To determine which actual repetition, down-select from the following 3 options:
· Option 1: the first overlapping actual repetition in the first overlapping slot that satisfies the multiplexing timeline
Conclusion: 
The number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate is not increased.



UCI resource determination for UCI multiplexing on type-B PUSCH transmission
In the e-mail discussion [100b-e-NR-L1enh-URLLC-PUSCH-02], UCI resource determination was discussed. In Rel-15, the number of coded modulation symbols per layer for HARQ-ACK transmission is derived from the equation 

.
The debating point is how to determine  in the first part and the second part of the min{} function. The several options were listed in [4] and copied below 
· 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
· 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.
· 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.
Among the three options, option 1 and option 3 use the length of the nominal repetition for at least the first part. However, RAN1 agreed to multiplex UCI into the first overlapping actual repetition. Therefore, it seems reasonable to use the length of the first overlapping actual repetition for determining UCI resource, rather than the length of nominal repetition. 
· Proposal 7: When determining UCI resource, the calculation should be based on the first overlapping actual repetition.

4 Conclusion
In this contribution, we discussed potential enhancements to PUSCH for Rel-16 URLLC and the followings were proposed
· Proposal 1: For a UE operating half-duplex CA, the symbols for SS/PBCH block reception in any of multiple serving cells are regarded as invalid symbols for PUSCH repetition Type-B. 
· Proposal 2: Adopt the following text proposal for TS38.214.
	===========================The Start of Text Proposal of TS38.214============================
6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	If the 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, a symbol that is indicated as SS/PBCH block reception in any cell of multiple serving cells is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	Otherwise, a symbol that is indicated as SS/PBCH block reception on the cell where the PUSCH repetition Type B transmission is scheduled is considered as an invalid symbol for PUSCH repetition Type B transmission.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================


· Proposal 3: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol for the reception of SS/PBCH block that are invalid symbols for PUSCH repetition Type B.
· Proposal 4: Apply numberInvallidSymbolsForDL-UL-Switching to indicate the number of symbols after the last symbol of PDCCH monitoring occasion in Type-0 CSS that are invalid symbols for PUSCH repetition Type B.
· Proposal 5: If the first nominal repetition scheduled by a PDCCH overlaps with gap symbols, do not consider the gap symbols as invalid symbols for PUSCH repetition Type-B (i.e., use the gap symbols for the first nominal repetition)
· Proposal 6: Specify subcarrier spacing of gap symbols configured by numberInvallidSymbolsForDL-UL-Switching.
· Proposal 7: When determining UCI resource, the calculation should be based on the actual repetition.
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