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1. [bookmark: _Ref4817]Introduction
In this contribution, some issues such as TBS issue and the TEI issue of half-duplex operation in CA are discussed.
1. Intermediate number of information bits 

In Rel-15 NR, an intermediate number of information bits (Ninfo) is obtained by  in the step 2 of the TBS determination [1]. Moreover, the UE shall choose the next step between step 3 and step 4 of TBS determination based on the value of Ninfo. 
	
2) Intermediate number of information bits (Ninfo) is obtained by .

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end if



In 3GPP RAN1#99, it was pointed out that it is not clear whether Ninfo is an integer number or a floating point number, which may lead to different TB size values [2]. For example, assume a MCS entry IMCS=5 in MCS index table 1 for PDSCH in [1], Qm=2, R=379/1024, NRE=5166, v=1, then NRE*R*Qm*v = 3824.05078125. If the Ninfo is considered as an integer, e.g. 3824, the TBS=3824. Otherwise, if Ninfo is a floating number , the TBS=3840.
However, after the discussion in the meeting, there was no consensus in RAN1 and the conclusion has been reached as follows.
	Conclusion
On the issue of ambiguity with regards to the definition of N_info, there is no consensus in RAN1 to make specification change in Rel-15. For further discussion on whether to fix this in Rel-16.



Observation 1: There is no consensus with regard to the issue of ambiguity of the definition of Ninfo .
In this contribution, the analysis on the issue and the solutions for Rel-16 and Rel-15 are provided.  
For the issue of ambiguity with regard to the definition of Ninfo, it is mainly caused by the parameter R, a floating point number in the MCS index table. The ambiguity with different interpretations would result in different TBS values across all NR devices. With this ambiguity, some TBS values cannot be used in network implementation. Therefore, it is necessary to fix this issue at least in Rel-16 to determine the Ninfo with one method of interpretation. Otherwise, some TBS values cannot be used. 
Observation 2: To use all TBS values supported in NR, it is necessary for gNB and UE to use the same interpretation of Ninfo in TBS determination for PUSCH and PDSCH.
The potential solutions for Rel-16 and Rel-15 are proposed as follows.
· Solution to Rel-16
For Rel-16 and future releases, it is preferred to clarify the definition of Ninfo for UL/DL TBS determination. Therefore, the device supporting release 16 shall eliminate the ambiguity and use a specific definition of Ninfo to determine TBS. We propose the definition of Ninfo should be clarified as a floating point number to make more TBS values available for scheduling.
Proposal 1: Ninfo for UL/DL TBS determination is defined as a floating point number in Rel-16.
Proposal 2: Adopt the following text proposal to eliminate the ambiguity of Ninfo.
TP1: {38.214: 5.1.3.2 Transport block side determination}
	[bookmark: _Toc11352092]5.1.3.2	Transport block size determination
<----------------------------------- Other parts are omitted --------------------------------------->

2)	Intermediate number of information bits (Ninfo) is obtained by , where intermediate number of information bits (Ninfo) is a floating point number..

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end if
<----------------------------------- Other parts are omitted --------------------------------------->



· Solution to Rel-15
[bookmark: _GoBack]Some Rel-15 devices including gNB and UE have already been commercially available. These devices calculate Ninfo according to the understanding of each UE vendor. It would be difficult for all Rel-15 UEs to change to the same interpretation on the definition of Ninfo. However, for Rel-15 UEs released in later stage, it should be feasible to fix it to one interpretation. It is reasonable for those UEs to have the same behavior as Rel-16 so that the same network implementation can be applied to Rel-16 UEs and Rel-15 UEs released in later stage and all TBS values can be used for those UEs. Therefore, it is beneficial to introduce an optional UE capability in Rel-15 and let Rel-15 UEs indicate the support of floating point definition of Ninfo.       
Proposal 3: Introduce an optional UE capability in Rel-15 to indicate the support of floating point definition of Ninfo.
1. Half-duplex Operation in CA
During RAN1#99 meeting, the TEI on Half-duplex operation in CA has been agreed as a working assumption and the TP in R1-1913440 is endorsed in principle [4].
	Working assumption:
Regarding TEI “Half-duplex operation in CA”
· Agreements made during email discussion [95-NR-06] on directional collision handling for half duplex CA operation are adopted in Rel-16.
· A new UE capability to indicate the support for directional collision handling between reference and other cell(s) is introduced.
· Note that UEs that do not indicate this capability should still be able to operate half-duplex TDD CA if network ensures same transmission direction across all the serving cells.
· The TP in R1-1913440 is endorsed in principle



In this Section, one correction on TP in R1-1913440 is presented.
According to the email discussion [95-NR-06], the following agreements have been endorsed during the email discussion [5][6].
	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: 
In symbols indicated in ssb-PositionsInBurst on reference and other cell(s), half-duplex CA 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. 
Agreement:
In R15, behavior for mobility CSI-RS related to HD CA is not specified.   
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



According the above agreements, Alt 1 is approved for Case 3. Regarding Case 3, the UE behaviours for inter-band CA and intra-band CA are different.
· For inter-band CA, UE transmits uplink transmission scheduled by DCI on a symbol of another cell despite the symbol being indicated as downlink by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated on reference cell. 
· For intra-band CA, it is an error case if UE receives TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell.
The inter-band CA scenario for Case 3 has been correctly captured, which is highlighted in green as shown below. However, the intra-band CA scenario for Case 3 captured in the wrong place. The following correction is proposed.
Proposal 4: Introduce the following correction to the TEI TP on Half-duplex operation in CA.
TP2: {38.213: 11.1 Slot Configuration}
	<----------------------------------- Other parts are omitted --------------------------------------->
If a UE is configured with multiple serving cells operating in a band or different bands, the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a slot that are indicated to the UE by ssb-PositionsInBurst in SystemInformationBlockType1 or ssb-PositionsInBurst in ServingCellConfigCommon in any of multiple serving cells , when provided to the UE, 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 in any of multiple serving cells.
<----------------------------------- Other parts are omitted --------------------------------------->
If a UE is configured with multiple serving cells operating in a band or different bands, the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE determines reference cell per symbol as a cell with the lowest configured cell index among multiple serving cells in a band or band combination having direction determined by any of
- TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated
- higher-layer configured SRS, PUCCH, PUSCH or PRACH on flexible symbols  
- higher-layer configured PDCCH, PDSCH or CSI-RS on flexible symbols. 
If a UE is configured with multiple serving cells operating in a band, and the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE is not expected to receive
· indications on reference and another cell by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating opposite directions in a symbol, 
· indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be uplink in reference cell and DCI scheduling the symbol as downlink on another cell,
· higher-layer configured PDCCH, PDSCH or CSI-RS on a flexible symbol in reference cell and DCI scheduling the symbol as uplink on another cell. , 
· does not expect to receive an indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell.
If a UE is configured with multiple serving cells, and reference cell and another cell operate in different bands, UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· assumes a symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in another cell as flexible, if TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in reference cell indicates opposite direction for the symbol,
· transmits uplink transmission scheduled by DCI on a symbol of another cell despite the symbol being indicated as downlink by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated on reference cell,
· does not expect to receive higher-layer configured PDCCH, PDSCH or CSI-RS on flexible symbols in reference cell in a set of symbols, if receives DCI scheduling one of the symbols as uplink in another cell. 

If a UE is configured with multiple serving cells operating in a band or different bands, UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· does not expect to receive an indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell
· does not expect to receive a higher-layer configured SRS, PUCCH, PUSCH or PRACH on a flexible symbol in reference cell and DCI scheduling the symbol as downlink on another cell
· does not transmit higher-layer configured SRS, PUCCH, PUSCH or PRACH on a set of symbol or receives higher-layer configured PDCCH, PDSCH or CSI-RS on set of symbols in another cells, if at least one symbol from the set of symbols is indicated with opposite direction by  TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated or by higher-layer configured SRS, PUCCH,  PUSCH,  PRACH, PDCCH, PDSCH or CSI-RS on reference cell
· assumes a symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in another cell as flexible, if symbol is indicated with opposite direction by higher-layer configured SRS, PUCCH, PUSCH, PRACH, PDCCH, PDSCH or CSI-RS on reference cell
· is not expected to receive DCIs indicating contradicting directions on a symbol in different cells.
<----------------------------------- Other parts are omitted --------------------------------------->



1. Conclusion
Based on the discussion, we have the following observations and proposals.
Observation 1: There is no consensus with regard to the issue of ambiguity of the definition of Ninfo .
Observation 2: To use all TBS values supported in NR, it is necessary for gNB and UE to use the same interpretation of Ninfo in TBS determination for PUSCH and PDSCH.
Proposal 1: Ninfo for UL/DL TBS determination is defined as a floating point number in Rel-16.
Proposal 2: Adopt the following text proposal to eliminate the ambiguity of Ninfo.
TP1: {38.214: 5.1.3.2 Transport block side determination}

	5.1.3.2	Transport block size determination
<----------------------------------- Other parts are omitted --------------------------------------->

2)	Intermediate number of information bits (Ninfo) is obtained by , where intermediate number of information bits (Ninfo) is a floating point number..

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end if
<----------------------------------- Other parts are omitted --------------------------------------->



Proposal 3: Introduce an optional UE capability in Rel-15 to indicate the support of floating point definition of Ninfo.
Proposal 4: Introduce the following correction to the TEI TP on Half-duplex operation in CA.
TP2: {38.213: 11.1 Slot Configuration}
	<----------------------------------- Other parts are omitted --------------------------------------->
If a UE is configured with multiple serving cells operating in a band or different bands, the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a slot that are indicated to the UE by ssb-PositionsInBurst in SystemInformationBlockType1 or ssb-PositionsInBurst in ServingCellConfigCommon in any of multiple serving cells , when provided to the UE, 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 in any of multiple serving cells.
<----------------------------------- Other parts are omitted --------------------------------------->
If a UE is configured with multiple serving cells operating in a band or different bands, the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE determines reference cell per symbol as a cell with the lowest configured cell index among multiple serving cells in a band or band combination having direction determined by any of
- TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated
- higher-layer configured SRS, PUCCH, PUSCH or PRACH on flexible symbols  
- higher-layer configured PDCCH, PDSCH or CSI-RS on flexible symbols. 
If a UE is configured with multiple serving cells operating in a band, and the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE is not expected to receive
· indications on reference and another cell by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating opposite directions in a symbol, 
· indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be uplink in reference cell and DCI scheduling the symbol as downlink on another cell,
· higher-layer configured PDCCH, PDSCH or CSI-RS on a flexible symbol in reference cell and DCI scheduling the symbol as uplink on another cell. , 
· does not expect to receive an indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell.
If a UE is configured with multiple serving cells, and reference cell and another cell operate in different bands, UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· assumes a symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in another cell as flexible, if TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in reference cell indicates opposite direction for the symbol,
· transmits uplink transmission scheduled by DCI on a symbol of another cell despite the symbol being indicated as downlink by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated on reference cell,
· does not expect to receive higher-layer configured PDCCH, PDSCH or CSI-RS on flexible symbols in reference cell in a set of symbols, if receives DCI scheduling one of the symbols as uplink in another cell. 

If a UE is configured with multiple serving cells operating in a band or different bands, UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· does not expect to receive an indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell
· does not expect to receive a higher-layer configured SRS, PUCCH, PUSCH or PRACH on a flexible symbol in reference cell and DCI scheduling the symbol as downlink on another cell
· does not transmit higher-layer configured SRS, PUCCH, PUSCH or PRACH on a set of symbol or receives higher-layer configured PDCCH, PDSCH or CSI-RS on set of symbols in another cells, if at least one symbol from the set of symbols is indicated with opposite direction by  TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated or by higher-layer configured SRS, PUCCH,  PUSCH,  PRACH, PDCCH, PDSCH or CSI-RS on reference cell
· assumes a symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in another cell as flexible, if symbol is indicated with opposite direction by higher-layer configured SRS, PUCCH, PUSCH, PRACH, PDCCH, PDSCH or CSI-RS on reference cell
· is not expected to receive DCIs indicating contradicting directions on a symbol in different cells.
<----------------------------------- Other parts are omitted --------------------------------------->
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