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[bookmark: _Ref85728113]Introduction
This contribution discusses the remaining issues for HARQ enhancements in NR-NTN. 
Discussions
Type-2 HARQ-ACK codebook 
C-DAI and T-DAI count for feedback-enabled processes
In RAN1 #105-e meeting, the following agreement regarding C-DAI and T-DAI count for feedback-enabled HARQ processes was agreed.
	Agreement:
For Type-2 HARQ codebook in NTN, 
· For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes
· FFS: Whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI



It is clear from the agreement that RAN1 has agreed to change the definition of the C-DAI and T-DAI, and the new definition is: they are the count of only feedback-enabled processes. However, the above agreement was not reflected in current spec. The latest CR still uses the legacy C-DAI and T-DAI definition. We propose the following TP to clarify this issue.
----------------------------------------Start of TP 38.213 V17.0.0 section 9.1.3 ---------------------------------------------
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
<Unchanged parts are omitted>
The set of PDCCH monitoring occasions for DCI formats scheduling PDSCH receptions or PDSCH receptions with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or having associated HARQ-ACK information without scheduling PDSCH reception, is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of their start times. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions or PDSCH receptions with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or HARQ-ACK information bits that are not in response for PDSCH receptions, associated with the DCI formats is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index , where . 
If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the value of the counter DAI is in the order of the first CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion index. 
The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or PDSCH reception(s) with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or HARQ-ACK information that does not correspond to PDSCH receptions, associated with DCI formats is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the total DAI value counts the {serving cell, PDCCH monitoring occasion}-pair(s) for both the first CORESETs and the second CORESETs.
Denote by  the number of bits for the counter DAI and set . Denote by  the value of the counter DAI in a DCI format scheduling PDSCH reception or PDSCH receptions with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or having associated HARQ-ACK information without scheduling PDSCH reception, on serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by  the value of the total DAI in a DCI format in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats that include a total DAI field in PDCCH monitoring occasion . A UE does not expect to multiplex, in a same Type-2 HARQ-ACK codebook, HARQ-ACK information that is in response to detection of DCI formats with different number of bits for the counter DAI field.
<Unchanged parts are omitted>
Table 9.1.3-1: Value of counter DAI for  and of total DAI 
	DAI
MSB, LSB
	 or  
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDSCH transmission(s) associated with PDCCH with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided or PDCCH generating a HARQ-ACK information bit without scheduling a PDSCH reception or providing TCI state update is present, denoted as  and 

	0,0
	1
	

	0,1
	2
	

	1,0
	3
	

	1,1
	4
	



Table 9.1.3-1A: Value of counter DAI for 
	DAI

	 
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDSCH transmission(s) associated with PDCCH with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided or PDCCH generating a HARQ-ACK information bit without scheduling a PDSCH reception or providing TCI state update is present, denoted as  and 

	0
	1
	

	1
	2
	



[bookmark: _Toc29894844][bookmark: _Toc12021474][bookmark: _Toc26719411][bookmark: _Toc29899143][bookmark: _Toc45699198][bookmark: _Toc20311586][bookmark: _Toc92093840][bookmark: _Toc29899561][bookmark: _Toc36498172][bookmark: _Toc29917298]9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DAI field, then
-	if the UE has not received any PDCCH within the monitoring occasions for DCI formats scheduling PDSCH receptions or PDSCH receptions with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or providing a DCI format having associated HARQ-ACK information without scheduling a PDSCH reception, on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else, the UE generates the HARQ-ACK codebook as described in clause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes a DAI field, the UE generates the HARQ-ACK codebook as described in clause 9.1.3.1, with the following modifications:
-	For the pseudo-code for the HARQ-ACK codebook generation in clause 9.1.3.1, after the completion of the  and  loops, the UE sets  where  is the value of the DAI field according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, the DCI format includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field with value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or PDSCH receptions with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or having associated HARQ-ACK information without scheduling PDSCH receptions on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field with first value  or with second value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH reception or PDSCH receptions with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided, or having associated HARQ-ACK information without scheduling PDSCH reception, on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
Table 9.1.3-2: Value of DAI
	DAI
MSB, LSB
	 
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDSCH transmission(s) associated with PDCCH with enabled HARQ-ACK information if HARQ-feedbackEnabling-disablingperHARQprocess is provided or PDCCH indicating SPS PDSCH release or providing TCI state update or DCI format 1_1 indicating SCell dormancy is present, denoted as  and 

	0,0
	1
	

	0,1
	2
	

	1,0
	3
	

	1,1
	4
	



----------------------------------------End of TP 38.213 V17.0.0 section 9.1.3 ---------------------------------------------
Proposal 1: Adopt the proposed TP for 38.213 to clarify C-DAI and T-DAI count for feedback-enabled HARQ processes.

C-DAI and T-DAI count for feedback-disabled processes
In RAN1 #107-e meeting, the following initial proposal 1.2.2-1 regarding C-DAI and T-DAI count for feedback-disabled HARQ processes was discussed.
	[Initial Proposal 1.2.2-1]
For the DCI of PDSCH with feedback-disabled HARQ processes, one of following Options is supported:
· [bookmark: _Hlk94438495]Option-1: the C-DAI and T-DAI are the same of the C-DAI and T-DAI of the most recent DCI of PDSCH with feedback-enabled processes, despite they are not incremented. 
· For the codebook generation, the UE should use the DAI in DCI of feedback-disabled HARQ process to detect if a previous DCI of feedback-enabled HARQ processes has been missed. If so, the UE should chose the HARQ codebook size based on the DAI in DCI of the feedback-disabled HARQ process, and the feedback-enabled HARQ process detected to be missed should be NACK. 
· if all DCIs of PDSCH are associated with feedback disabled HARQ process,
· Alt-1: The value of C-DAI and T-DAI set to  and 
· Alt-2: (proponent are encouraged to provide the detailed solution if there is concern on Alt-1)
· Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.



For Type-2 HARQ-ACK codebook, the remaining issue is how to set the values of the C-DAI and T-DAI for the DCI of PDSCH with feedback-disabled HARQ processes. At the current stage, there are two options remained on the table, option 1 is to set the C-DAI and T-DAI count for the enabled HARQ process. While option 2 simply ignores the C-DAI and T-DAI when DCI schedules a disabled HARQ process. Given that the C-DAI and T-DAI bits are anyway in the DCI, making them useless is not a good idea. For this reason, we suggest to take advantage of the C-DAI and T-DAI when generating the type 2 codebook. 
Proposal 2: Support Option-1: the C-DAI and T-DAI are the same of the C-DAI and T-DAI of the most recent DCI of PDSCH with feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.

SPS PDSCH
In RAN1 #107-e meeting, the following agreement regarding SPS PDSCH was agreed.
	Agreement
HARQ feedback for SPS activation may be additionally enabled by the network by RRC configuration.
· [bookmark: _Hlk94439434]If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of whether HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation
· Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation, 
· FFS between Alt1 and Alt2
· [Alt-1: UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process
· Alt-2: UE follows the feedback-enabled/disabled configuration of the SPS PDSCH]



In RAN2 #116b-e meeting, RAN2 has some conclusions regarding the above FFS issue.
	RAN2 understanding:
1.	RAN2 understanding is that: in general, all HARQ processes used by an SPS configuration are configured with the same HARQ feedback enabled/disabled state. No specification impact. 
2.	RAN2 understanding is that: in general, all HARQ processes used by a CG configuration are configured with the same HARQ state (e.g. A or B). No specification impact


In our view, with RAN2 clarification, one UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, and the UE expects all HARQ processes used by an SPS configuration are configured with the same HARQ feedback enabled/disabled state. Therefore, the FFS issue is solved and no more discussions are needed. 
Observation: All HARQ processes used by an SPS configuration can be configured with the same HARQ feedback enabled/disabled state by the per-process configuration without additional specification impact.

Scheduling restriction for the first SPS PDSCH
As cited in section 2.2, in RAN1 #107-e meeting, it was agreed that UE should report ACK/NACK for the first SPS PDSCH after activation, regardless of whether HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation, if HARQ feedback for SPS activation is enabled by the network RRC configuration. Considering that ACK/NACK is always reported for this case, scheduling restriction for the first SPS PDSCH should follow the procedure with HARQ feedback. More specifically, for the HARQ process ID associated with the first SPS PDSCH, the UE is not expected to be scheduled with this HARQ process ID before it reports ACK/NACK for the first SPS PDSCH, as shown in Figure 1.


Figure 1: Scheduling restriction for the first SPS PDSCH
The corresponding TP is provided as follows.
----------------------------------------Start of TP 38.214 V17.0.0 section 5.1 ---------------------------------------------
5.1	UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk498410788]For downlink, a maximum of 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ processes per cell for the cases of = 5 and = 6. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 decode the corresponding PDSCHs as indicated by that DCI. When the UE is scheduled with multiple PDSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PDSCH not overlapping with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, HARQ process ID is then incremented by 1 for each subsequent PDSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPDSCH applied. HARQ process ID is not incremented for PDSCH(s) not received if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. When HARQ feedback for the HARQ process ID is not disabled, or for the HARQ process associated with the first SPS PDSCH when HARQ-feedbackEnablingforSPSactive is provided, the UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6, TS 38.213]. For HARQ-ACK subject to HARQ-ACK deferral described in Clause 9.2.5.4 of [6 TS 38.213], the expected transmission of HARQ-ACK corresponds to the expected transmission HARQ-ACK in a first slot. When HARQ feedback for the HARQ process ID is disabled, the UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until Tproc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of symbols [4] or a number of symbols indicated by subslotLengthForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. When PDCCH candidates are associated with a search space set configured with searchSpaceLinking, the PDCCH ending in symbol i is determined based on the PDCCH candidate that ends later in time. In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3.
<Unchanged parts are omitted>
----------------------------------------End of TP 38.214 V17.0.0 section 5.1 ---------------------------------------------
Proposal 3: Adopt the proposed TP for 38.214 to clarify PDSCH scheduling restriction for the first SPS PDSCH when HARQ feedback for SPS activation is enabled.

PUSCH scheduling restriction
In RAN2 #116b-e meeting, RAN2 has achieved an agreement regarding HARQ process configuration for Mode B, as marked in green below.
	Agreements online:
1.	It is up to network implementation to ensure proper configuration of HARQ feedback (i.e. enabled or disabled) for HARQ processes used by an SPS configuration (no Stage 3 specification impact). FFS if a note in Stage 2 is needed 
2.	It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a CG configuration (no Stage 3 specification impact). FFS if a note in Stage 2 is needed
3.	For HARQ process(es) configured with HARQ Mode B, blind retransmission relies on UE being in DRX Active Time via other means (i.e. drx-RetransmissionTimerUL is not started).
4.	For HARQ process(es) configured with disabled HARQ feedback, blind retransmission relies on UE being in DRX Active Time via other means (i.e. drx-RetransmissionTimerDL is not started).


According to the RAN2 agreement, if one HARQ process is configured with HARQ Mode B for PUSCH transmission, then drx-RetransmissionTimerUL is not started, and blind retransmission relies on UE being in DRX Active Time via other means. Which is to say, when one UL HARQ process is configured with HARQ Mode B, gNB does not need to decode a previous PUSCH associated with this UL HARQ process before it reschedules another PUSCH with the same UL HARQ process. There is no restriction for gNB to schedule a UL HARQ process configured with HARQ Mode B. Therefore, from UE perspective, a second DCI scheduling a PUSCH transmission associated with a Mode B UL HARQ process may be received later or earlier than the end of transmission of a previous PUSCH associated with the same process. Similar as the processing time introduced between two PDSCHs with a same disabled HARQ process, a processing time between two PUSCHs for a same UL HARQ process should be defined if HARQ Mode B is configured.
When defining this processing time, two cases should be separately considered from UE perspective as shown in Figure 2. In this figure, assuming HARQ process 0 is configured with HARQ Mode B, a preceding DCI 0 schedules PUSCH 0, a later DCI 1 schedules PUSCH 1, and both DCIs use the same HARQ process 0.
· Case 1 (Figure 2a): DCI 1 is received later than the end of PUSCH 0 transmission. In this case, the starting point of the Tproc,2 processing time should be the end of DCI 1 reception.
· Case 2 (Figure 2b): DCI 1 is received earlier than the end of PUSCH 0 transmission. In this case, the starting point of the Tproc,2 processing time should be the end of PUSCH 0 transmission.

 
(a) DCI 1 is received later than PUSCH 0


(b) DCI 1 is received earlier than PUSCH 0
Figure 2: PUSCH scheduling for HARQ Mode B 
In conclusion, when HARQ Mode B is configured for a UL HARQ process, the starting point of Tproc,2 processing time should either be the end of reception of the PDCCH carrying the DCI scheduling the PUSCH or the end of transmission of a previous PUSCH with the same UL HARQ process, depends on which comes later. The corresponding TP is provided as follows.
----------------------------------------Start of TP 38.214 V17.0.0 section 6.4 ---------------------------------------------
[bookmark: _Toc29674365][bookmark: _Toc45810644][bookmark: _Toc29673231][bookmark: _Toc29673372][bookmark: _Toc20318056][bookmark: _Toc36645595][bookmark: _Toc27299954][bookmark: _Toc11352166][bookmark: _Toc91695519]6.4	UE PUSCH preparation procedure time

[bookmark: _Hlk496824026][bookmark: _Hlk45746554][bookmark: _GoBack]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and Koffset, if configured, and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH or the end of the transmission of the last symbol of a previous PUSCH with a same HARQ process ID, whichever ends later, then the UE shall transmit the transport block. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, the PDCCH candidate that ends later in time among the two configured PDCCH candidates is used.
<Unchanged parts are omitted>
----------------------------------------End of TP 38.214 V17.0.0 section 6.4 ---------------------------------------------
Proposal 4: Adopt the proposed TP for 38.214 to clarify UE behavior when HARQ Mode B is configured. 

Conclusions
This contribution provides the following observation and proposals:
Observation: All HARQ processes used by an SPS configuration can be configured with the same HARQ feedback enabled/disabled state by the per-process configuration without additional specification impact.
Proposal 1: Adopt the proposed TP for 38.213 to clarify C-DAI and T-DAI count for feedback-enabled HARQ processes.
Proposal 2: Support Option-1: the C-DAI and T-DAI are the same of the C-DAI and T-DAI of the most recent DCI of PDSCH with feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.
Proposal 3: Adopt the proposed TP for 38.214 to clarify PDSCH scheduling restriction for the first SPS PDSCH when HARQ feedback for SPS activation is enabled.
Proposal 4: Adopt the proposed TP for 38.214 to clarify UE behavior when HARQ Mode B is configured. 
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