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1. Introduction
In this contribution, remaining issues for DL/UL data scheduling and HARQ procedure are discussed, mainly focus on PDSCH and PUSCH processing time correction, UL data transmission procedure and half-duplex operation. 
2. Corrections on PDSCH and PUSCH processing time
Following corrections should be made for UE PDSCH and PUSCH processing time in TS 38.214 subclause 5.3 and 6.4 [1] as following:
Proposal 1: 
· Adopt following TP for TS38.214 Subclause 5.3 and 6.4.
	[bookmark: _Toc517439497]5.3        UE PDSCH processing procedure time

[bookmark: _Hlk500865557]If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUSCH or PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
-     N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211].
-     If HARQ-ACK is transmitted on PUCCH, then d1,1 = 0,
-     If HARQ-ACK is transmitted on PUSCH, then d1,1 = 1.
-     If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133].
-     If the PDSCH is mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211], and the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,2 = 7 - i, 
-     For UE processing capability 1: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and
-     if the number of PDSCH symbols allocated is 4, then d1,2 = 3
-     if the number of PDSCH symbols allocated is 2, thend1,2 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-     For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], if the number of PDSCH symbols allocated is 2 or 4, then d1,2 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH..
[bookmark: _Hlk515958514]-     Otherwise, d1,2 = 0.
-     For UE processing capability 2 with scheduling limitation when µ = 1, if the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability 1 processing time. 
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tproc,1 is used both in the case of normal and extended cyclic prefix.
[…]



[bookmark: _Hlk513799701]
	[bookmark: _Toc517439528]6.4        UE PUSCH preparation procedure time

[bookmark: _Hlk496824447][bookmark: _Hlk496825264][bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 
-     N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-     If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-     If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 01.
-     If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-     If the scheduling DCI triggered a switch of BWP, d2,3 equals to the switching time as defined in [11, TS 38.133], otherwise d2,3=0.
Otherwise the UE may ignore the scheduling DCI. 
The value of [image: ] is used both in the case of normal and extended cyclic prefix.
[…]



3. UL data transmission procedure 
Following agreements were achieved in the RAN1 #93 meeting [2]:
	Agreements:
· For CS-RNTI DCI sizes
· For DCI format 1-1 with CS-RNTI, the DCI size are the same as the DCI format 1-1 with C-RNTI in respective search space. 
· For DCI format 0-1 with CS-RNTI, the DCI size are the same as the DCI format 0-1 with C-RNTI in respective search space. 
· For DCI format 1-0 with CS-RNTI, the DCI size are the same as the DCI format 1-0 with C-RNTI in respective search space. 
· For DCI format 0-0 with CS-RNTI, the DCI size are the same as the DCI format 0-0 with C-RNTI in respective search space. 

Agreements:
· For both initial transmission and re-transmissions for GF scheduling for URLLC,
· For UL configured grant, the MCS table is configured by the existing parameter associated with the RRC configured grant configuration, which is extended to include the new 64QAM MCS table.
· For DL SPS, RRC indicates whether or not the new 64QAM table is configured. The indication for the new MCS table for DL SPS is separate from the one for grant-based DL scheduling.



For parameters specified for both grant-based PUSCH and for configured-grant PUSCH independently, one remaining issue is for configured grant re-transmission scheduled by DCI scrambled with a CS-RNTI, of which RRC parameters should be used. 
The DCI scrambled with the CS-RNTI can be used for activation, deactivation and re-transmission of the configured grant PUSCH. By setting special value of some fields such as NDI, HPN, RV, MCS and resource block assignment, UE can differentiate the DCI with CS-RNTI that is for activation/deactivation or re-transmission. Above differentiation requires the positions for NDI, HPN, RV, MCS and resource block assignment fields should keep the same in the activation/deactivation DCI and in the re-transmission scheduling DCI, otherwise UE cannot distinguish. Therefore, parameters for re-transmission should follow ConfiguredGrantConfig so that all the bit fields in the DCI are not different between activation/deactivation DCI and re-transmission DCI. This is also in line with the agreement made for URLLC MCS table used for configured grant initial transmission and re-transmissions.
Proposal 2: 
· For configured grant retransmission, for parameters in DCI fields having configurability, if ConfiguredGrantConfig contains the parameters, the configuration for the parameters follows the ConfiguredGrantConfig; otherwise, follows the PUSCH-Config.

According to TS 38.211, DM-RS sequence is generated by using the higher-layer parameters scramblingID0 and scramblingID1 in the DMRS-UplinkConfig IE. For a UE configured with configured grant transmission, both PUSCH-Config and ConfiguredGrantConfig that have DMRS-UplinkConfig are provided. Hence, when the UE generates DM-RS sequence, UE cannot know which parameter of DMRS-UplinkConfig the UE shall use. We believe this issue is an essential for configured grant transmission and hence, a TP is required.
Proposal 3: 
· Adopt following TP for TS38.211 Subclause 6.4.1.1.1.1 and 6.4.1.1.1.2.

	6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by PDCCH using DCI format 0_1 with the CRC scrambled by C-RNTI or in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3]; 

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by using DCI format 0_0 with the CRC scrambled by C-RNTI in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3];

-	 otherwise. 
The quantity  is indicated by the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or is configured by dmrs-SeqInitialization in the ConfiguredGrantConfig for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], otherwise .
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with  and  for a PUSCH transmission dynamically scheduled by DCI.
The sequence group [image: ], where [image: ] is given by
-	[image: ] if [image: ] is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE for the PUSCH scheduled by a DCI, or in the cg-DMRS-Configuration for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].
-	 otherwise
[…]




4. Half-duplex operation
In RAN2 NR AH1807 meeting, duplex mode operation was discussed in DRX session [3]. The discussion is postponed to the next meeting and it is suggested to check whether there is anything missing in RAN1 specs and see what need to be captured in MAC. 
It is found that LTE specifies following in TS 36.211 subclause 4.1 and 4.2 [4]:
	[bookmark: _Toc454817944]4.1	Frame structure type 1
[…]
For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency domain. In half-duplex FDD operation, the UE cannot transmit and receive at the same time while there are no such restrictions in full-duplex FDD.
[…]
[bookmark: _Toc454817945]4.2	Frame structure type 2
[…]
In case multiple cells with different uplink-downlink configurations in the current radio frame are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:
-	if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 
-	if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe
-	if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.
[…]



In NR TS38.306 subclause 4.2.7, UE capability parameters are defined as below: 
	Definitions for parameters
	Per
	M
	FDDTDD
DIFF
	FR1
FR2
DIFF

	simultaneousRxTxSUL
Indicates whether the UE supports simultaneous reception and transmission for a NR CA band combination including SUL.
	BC
	Tbd
	No
	No



Besides, following description is found in TS 38.211 subclause 4.3.2:
“A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than NRx-TxTc after the end of the last received downlink symbol in the same cell where NRx-Tx is given by [TS 38.101].”
Clearly, above specification is not sufficient, it does not add the restriction that in half-duplex operation, the UE cannot transmit and receive at the same time. Therefore, following correction is proposed:
Proposal 4: 
· Adopt following TP in 38.211 subclause 4.3.2:

	[bookmark: _Toc516767240]4.3.2	Slots
[…]
A UE not capable of full-duplex communication is not expected to transmit and receive at the same time. The UE is not expected to transmit in the uplink during the received downlink symbol and earlier than  after the end of the last received downlink symbol and is not expected to receive the downlink during the transmission of uplink symbol in the same cell where  is given by [TS 38.101].



In addition, for a UE configured with multiple cells and not capable of full-duplex communication, when the UE is provided with tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, tdd-UL-DL-ConfigDedicated and/or slotFormatCombToAddModList and slotFormatCombToReleaseList, constraints for the network configuration and/or UE behaviour for half-duplex communication should be discussed and captured in the related specification, i.e., TS 38.213 subclause 11.1. 
We see following 2 options: 
· Option 1: NW shall signal DL/UL/flexible to a UE by tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, tdd-UL-DL-ConfigDedicated and/or SFI in DCI format 2-0 such that DL/UL/flexible are aligned across CCs in the band combination where the UE reports “false” as the UE capability simultaneousRxTxSUL or the UE does not report “true” as the UE capability simultaneousRxTxSUL.
· If a UE is configured with tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and/or tdd-UL-DL-ConfigDedicated, or signalling SFI for one CC in the band combination where the UE reports “false” as the UE capability simultaneousRxTxSUL or the UE does not report “true” as the UE capability simultaneousRxTxSUL, the DL/UL/flexible configured/indicated by the signalling is applied for all the CCs in the same band combination.
· If a UE is configured with tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and/or tdd-UL-DL-ConfigDedicated, or signalling SFI, for more than one CCs in the band combination where the UE reports “false” as the UE capability simultaneousRxTxSUL or the UE does not report “true” as the UE capability simultaneousRxTxSUL, NW ensures the DL/UL/flexible configured/indicated by the signalling are the same across CCs in the band combination.
· Option 2: The DL/UL/flexible configured/indicated by the signaling can be different across CCs in the band combination where the UE reports “false” as the UE capability simultaneousRxTxSUL or the UE does not report “true” as the UE capability simultaneousRxTxSUL, UE determines DL or UL or flexible based on a specific cell, where the specific cell is PCell/PScell or the CC with the smallest cell index across CCs in the band combination. 
Comparing the two options, option 2 is better when taking into account the case where NW may not use any semi-static/dynamic TDD signalling. Therefore, following is proposed:
Proposal 5:
· In case multiple cells with different uplink-downlink-flexible configurations/indications are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:
· if the symbol in the specific cell is a downlink symbol, the UE shall not transmit any signal or channel on a secondary cell in the same symbol 
· if the symbol in the specific cell is an uplink symbol, the UE is not expected to receive any downlink transmissions on the other cell in the same symbol
· if the symbol in the specific cell is a flexible symbol, the UE is not expected to receive any downlink transmissions and transmit any signal or channel on the other cell in the same symbol.
· The specific cell is the PCell, PSCell, or the CC with the smallest cell index across CCs in the band combination.

5. Conclusion
In this contribution, we discuss the remaining issues for PDSCH and PUSCH processing time correction, UL data transmission procedure and constraints for half-duplex operation. Following are the summary:
Proposal 1: 
· Adopt following TP for TS38.214 Subclause 5.3 and 6.4.
	5.3        UE PDSCH processing procedure time

If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUSCH or PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
-     N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211].
-     If HARQ-ACK is transmitted on PUCCH, then d1,1 = 0,
-     If HARQ-ACK is transmitted on PUSCH, then d1,1 = 1.
-     If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133].
-     If the PDSCH is mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211], and the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,2 = 7 - i, 
-     For UE processing capability 1: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and
-     if the number of PDSCH symbols allocated is 4, then d1,2 = 3
-     if the number of PDSCH symbols allocated is 2, thend1,2 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-     For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], if the number of PDSCH symbols allocated is 2 or 4, then d1,2 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH..
-     Otherwise, d1,2 = 0.
-     For UE processing capability 2 with scheduling limitation when µ = 1, if the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability 1 processing time. 
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tproc,1 is used both in the case of normal and extended cyclic prefix.
[…]




	6.4        UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 
-     N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-     If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-     If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 01.
-     If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-     If the scheduling DCI triggered a switch of BWP, d2,3 equals to the switching time as defined in [11, TS 38.133], otherwise d2,3=0.
Otherwise the UE may ignore the scheduling DCI. 
The value of [image: ] is used both in the case of normal and extended cyclic prefix.
[…]



Proposal 2: 
· For configured grant retransmission, for parameters in DCI fields having configurability, if ConfiguredGrantConfig contains the parameters, the configuration for the parameters follows the ConfiguredGrantConfig; otherwise, follows the PUSCH-Config.
Proposal 3: 
· Adopt following TP for TS38.211 Subclause 6.4.1.1.1.1 and 6.4.1.1.1.2.

	6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by PDCCH using DCI format 0_1 with the CRC scrambled by C-RNTI or in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3]; 

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by using DCI format 0_0 with the CRC scrambled by C-RNTI in the cg-DMRS-configuration IE if provided and the PUSCH is the uplink transmission without grant according to [TS38.214 Section 6.1.2.3];

-	 otherwise. 
The quantity  is indicated by the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or is configured by dmrs-SeqInitialization in the ConfiguredGrantConfig for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], otherwise .
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with  and  for a PUSCH transmission dynamically scheduled by DCI.
The sequence group [image: ], where [image: ] is given by
-	[image: ] if [image: ] is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE for the PUSCH scheduled by a DCI, or in the cg-DMRS-Configuration for the uplink transmission without grant according to [TS38.214 Section 6.1.2.3], and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].
-	 otherwise
[…]



Proposal 4: 
· Adopt following TP in 38.211 subclause 4.3.2:

	4.3.2	Slots
[…]
A UE not capable of full-duplex communication is not expected to transmit and receive at the same time. The UE is not expected to transmit in the uplink during the received downlink symbol and earlier than  after the end of the last received downlink symbol and is not expected to receive the downlink during the transmission of uplink symbol in the same cell where  is given by [TS 38.101].



Proposal 5:
· In case multiple cells with different uplink-downlink-flexible configurations/indications are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:
· if the symbol in the specific cell is a downlink symbol, the UE shall not transmit any signal or channel on a secondary cell in the same symbol 
· if the symbol in the specific cell is an uplink symbol, the UE is not expected to receive any downlink transmissions on the other cell in the same symbol
· if the symbol in the specific cell is a flexible symbol, the UE is not expected to receive any downlink transmissions and transmit any signal or channel on the other cell in the same symbol.
· The specific cell is the PCell, PSCell, or the CC with the smallest cell index across CCs in the band combination.
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