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Introduction
In this contribution, we address remaining issues regarding
· HARQ timing indication
· UE processing time and MAC CE latency
· Scheduling DCI and Simultaneous RNTI
· HARQ process management

Some of the content in this contribution previously appeared in R1-1800876 [1], and some aspects were also noted in [2].
HARQ Timing Indication
In the RAN1 AH 1801 [3], the following agreements were made but were not captured in specification.
Agreements:
· For PDSCH transmission before RRC connection, the set of timing values K1 between PDSCH and HARQ-ACK is
· Defined in specification to use values {1,2,3,4,5,6,7,8}
· Note: the values should take into account the UE minimum timing requirements agreed in initial access
· For PDSCH scheduled by fallback DCI, the set of timing values K1 between PDSCH and HARQ-ACK is
· Defined in specification to use values {1,2,3,4,5,6,7,8}

Proposal 1: Capture agreement that fallback DCI (i.e., DCI Format 1_0) HARQ-ACK timing values are fixed in specification as given by the text proposal in Appendix 7.1.

Related to a priori agreement in RAN1 #90bis [4], the support for DCI formats which had no field for HARQ-ACK timing indication.
Agreements
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 

This was noted in the RAN1 AH 1801 Chairman’s notes:
Proposals:
· FFS: How to support 0-bit HARQ-Timing indicator field case for non-fallback DCI
· Note: no RRC parameter impact since all values can be configured to be the same HARQ timing for this case

Therefore, we provide proposal to clarify UE behavior in this case.
Proposal 2: When RRC configures the same value k of HARQ-ACK timing for all possible 3-bit values which are allowed in the DCI Format 1_1 field, then 0 bits are actually allocated for this field in the DCI. In this case, when the UE receives a PDSCH on slot n, the UE is expected to send the corresponding HARQ-ACK on slot n+k. (See Appendix 7.2 for Text Proposal.)
Finally, in the agreement from RAN1 AH 1801 captured below, two remaining items were left open for discussion.
Agreements:
· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.
· FFS: how to handle the case when the semi-static configuration conflicts at slot n+k
· FFS: how to handle the case with dynamic SFI
· The contradicting semi-static configuration is defined as when there is at least one semi-statically configured DL symbol overlaps with the symbol(s) carrying HARQ-ACK in slot n+k

Proposal 3: The following UE behavior should be captured in TS38.213
· In the case of DL SPS PDSCH, in the case when the HARQ-ACK timing indicator field value conflicts with the semi-static slot configuration at slot n+k, the UE is not expected to send the HARQ-ACK. 
· In the case of dynamic SFI, the HARQ-ACK for the DL SPS PDSCH is taken to be of higher priority and the UE is expected to still send the HARQ-ACK when there is conflict.

Note that for the latter part of the above proposal, the SPS transmission behavior is similar to the general DL grant behavior. The A/N transmission is under gNB dynamic control and thus more reasonable to assume there is no conflict with dynamic SFI from the UE perspective. 
UE Processing Time
In the previous RAN1 AH 1801, the baseline UE processing time was largely concluded. The conditions under which agreements for “slot-based scheduling” and “non-slot based scheduling” were further clarified. 
Agreements:
· Clarification that Table 2-1 in R1-1801124 for “slot-based scheduling” in previous UE processing time RAN1 #91 corresponds to the following conditions
· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 
· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH Type A, and PUSCH Type A or B
· PDSCH duration of at least 7 symbols
· For C-RNTI only
· (working assumption) also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE

Agreements:
· The baseline UE processing time capability (Capability #1) in NR Release 15 given by Table 2.1-1 corresponds to the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Note: mixed numerology processing time agreements from previous meeting can be applied here (i.e., take largest absolute processing time among numerologies between uplink and downlink)
· PDCCH conditions
· Case 1: PDCCH monitoring periodicity of 14 or more symbols 
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH
· PDSCH Type B and PUSCH type B time-domain allocation 
· FFS: increase N1 by d symbols if front-loaded DMRS comes d symbols after first PDSCH symbol
· Note: if PDSCH Type A with less than 7 symbols is supported, the capability needs to be further discussed
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· FFS: More than one PDSCH and/or PUSCH case
· Non-CA, and CA case with no cross-carrier scheduling
· For C-RNTI only. 
· (working assumption) also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE

Table 2.1-1. UE Processing Time and HARQ Timing for Non-Slot
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N11
	Symbols
	[8]
	[10]
	[17]
	[20]

	Front-loaded + additional DMRS
	N11
	Symbols
	[13]
	[13]
	[20]
	[24]

	Frequency-first RE-mapping
	N22
	Symbols
	[10]
	[12]
	[23]
	[36]


1. FFS whether additional dependence on time-domain allocation length should be given.
2. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

In this meeting, we provide more details with respect to the aggressive UE capability.
Aggressive UE capability for slot-based scheduling
[bookmark: _GoBack]Recall from previous meetings that the introduction of the aggressive UE capability was to distinctly differentiate from the baseline UE capability, for the purposes of lower latency. This allowed benefits for various aspects both on the user plan and control plane, which was documented in [9].
Therefore, we propose the following.
Proposal 4: The UE processing times in Table 3.1-1 in R1-1801124 apply to the case of “slot-based scheduling”, i.e., corresponding to the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, and Non-CA case
· FFS: CA case
· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 
· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH Type A, and PUSCH Type A or B
· PDSCH duration of at least 7 symbols
· For C-RNTI only
· FFS also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS if UE can indicate support for this processing time only when the number of scheduled RBs is less than some fraction X of the active BWP.

Table 3.1-1 UE Processing Time (Capability #2) for Slot-Based Scheduling
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]2.5
	[2.5-6]2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6]2.5
	[2.5-6]2.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Aggressive UE capability for non-slot based scheduling
For the case of non-slot based scheduling, the aggressive UE capability would allow for the lowest possible latency in NR.  Although the UE processing times in the above slot-based scheduling are very small already, the fact that some non-slot transmissions are much shorter may be 1 or 2 symbols long (or 7 symbols long for distributed DMRS) suggests that the overhead from this processing time can be quite large. The impact has been quantified to and reported in [5].
Therefore, it is important to consider smaller processing times for non-slot based scheduling and the aggressive UE capability.
Proposal 5: The aggressive UE processing time capability (Capability #2) in NR Release 15 should consider possibility of using smaller processing times than those given by Table 3.1-1 at least when operating under the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH
· PDSCH Type B and PUSCH type B time-domain allocation 
· FFS: increase N1 by d symbols if front-loaded DMRS comes d symbols after first PDSCH symbol
· Note: if PDSCH Type A with less than 7 symbols is supported, the capability needs to be further discussed
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· FFS: More than one PDSCH and/or PUSCH case
· Non-CA (FFS: CA)
· For C-RNTI only

Cross-carrier considerations
From the previous RAN1 AH 1801 Chairman’s notes, the following discussion was captured as an open item in cross-carrier scheduling.
Discuss till next meeting
· For CA with cross-carrier scheduling
· FFS: N1 value when there is timing offset between PDCCH carrier and PDSCH carrier
· FFS: N2 value when there is timing offset between PDCCH carrier and PUSCH carrier

The main issue here was that for N1, the processing times of PDSCH may be delayed if the scheduling carrier is misaligned with the PDSCH carrier, particularly in the case where the PDCCH comes later than compared to the case of non-CA. Therefore, it is beneficial to provide some margin in this case.
For N2, the decoding of PDCCH and the transmission of PUSCH is already made from the perspective of the UE, and so by definition the margin needed for any cross-carrier synchronization alignment is already accounted.
Proposal 6: For CA with cross-carrier scheduling, if the carrier with PDCCH is delayed by is symbols (which may be fractional value) relative to the PDSCH carrier, then the processing time requirement for the UE is increased to N1+ .
MAC CE Latency
In the endorsed LS R1-1801272 [6] regarding MAC CE Latency for beam management, a set of candidate values for the MAC CE latency was provided. The MAC CE latency was defined as the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message.
It is important to note that the LS provides a set of candidate values in units of slots, but suggests that a different value may be selected per SCS (presumable for FR2 since this is with respect to beam management). See an excerpt from [6]:
· Downlink-related:
· Time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message. Note some of the MAC CE messages may carry QCL information. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values, which may be based on UE capability.
· For PDSCH
· Candidate values (slots): 8, 10, 20, 40, 80 (considering the minimum 10 ms periodicity for TRS in case of 80 slots) 
· For PDCCH:
· Candidate values (slots): 8, 10, 20, 40, 80 
· …

The importance of this consideration is that the latency at the MAC CE may not be driven by the lower layer, and thus may not necessarily scale with the sub-carrier spacing. On the other hand, it is beneficial for MAC implementations to have a uniform latency assumption which can be applicable across multiple numerologies. Therefore, we provide a complementary proposal to our proposal in [7] regarding MAC latencies for beam management.
Proposal 7: The MAC CE latency, defined as the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message, should be uniformly [2 or 2.5] ms across all cases.
Scheduling DCI Requirements
Maximum number of scheduling DCI
Since the scheduling operation for allocation timing and HARQ timing is dynamically signalled in NR, there can be a lot of flexibility in where scheduling DCI can occur. From the UE perspective, this can lead to very large envelope of requirements on how many grants need to be processed in a given control region. 
For the baseline UE capability, we propose the following limit on scheduling DCI. This is illustrated in Figure 4.1-1.
Proposal 8: For the baseline UE capability, the UE is not expected to handle more than 1 uplink unicast data grant and 1 downlink unicast data grant decoded within the CORESETs located in the first 2 or 3 symbols of a slot.


Figure 4.1-1. Illustration of support for 2 scheduling DCI (1 DL + 1 UL)

Combinations of RNTI for Simultaneous Reception
Restrictions on which RNTI are expected by the UE to be simultaneously decoded can be helpful for efficient hardware implementation without loss to flexibility or system performance. For example, in LTE TS36.213, the following statement exists: When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.
In contrast to LTE, where the PDCCH and the PDSCH scheduled by the PDCCH are always in the same subframe, NR has more flexible timing for scheduling. Therefore, it is important to introduce similar restrictions, but specify them separately for the PDCCH and PDSCH in each slot. This results in the next proposal.
Proposal 9: The following UE behaviour should be captured in TS38.213 and TS38.214.
· [bookmark: _Hlk506473353]For 38.213
· When the UE decodes PDCCH associated with RA-RNTI on a given slot, the UE is not required to decode any PDCCH for any other RNTI on that slot
· For 38.214
· When the UE decodes PDSCH associated with RA-RNTI on a given slot, the UE is not required to decode any PDSCH for any other RNTI on that slot
· When the UE decodes PDSCH associated with SI-RNTI on a given slot, the UE is not required to decode any PDSCH for any other RNTI on that slot
· When the UE decodes PDSCH associated with P-RNTI on a given slot, the UE is not required to decode any PDSCH for any other RNTI on that slot

HARQ Management
In the RAN1 AH 1801, the following agreement was made regarding HARQ ordering.
Agreements:
For each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID
· FFS the time condition under which soft combining for the same HARQ process ID can be assumed

Additionally, one other proposal was raised in RAN1 AH 1801 Chairman’s notes. 
Proposals:
· For any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the UE is not expected to send the HARQ-ACK for A after the HARQ-ACK for B
Discuss till next meeting

In this section, we provide further discussion on these points.

PDSCH Out-of-order HARQ
In the case of slot-based PDSCH scheduling, it is beneficial for power and area efficient implementation to make some assumptions on the order of HARQ processes and the corresponding HARQ-ACK timing. For instance, the UE can pipeline the processing on the downlink processing and the corresponding uplink transmit waveform construction. However, in the case where more capable UEs may want to multiplex services, it might be beneficial to allow some HARQ IDs to come later but have higher priority (and reduced latency) for HARQ-ACK reporting. 


Figure 5.1-1. PDSCH Out-of-Order HARQ for different HARQ ID
Therefore, with regard to the discussion point mentioned above we have the proposal below.
Proposal 10: For any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the UE is not expected to send the HARQ-ACK for A after the HARQ-ACK for B at least under the following conditions
· The PDSCH transmissions for both HARQ processes are scheduled from DCI monitored within the first 3 symbols of the slot and with a 14-symbol PDCCH monitoring periodicity (Case 1-1)

PUSCH Out-of-order HARQ
As acknowledged in the previous meeting, dynamic HARQ timing can introduce complications in flexibility. Note that these issues are not unique to HARQ-ACK timing, but also can occur with respect to the scheduling of PUSCH. Therefore, the following proposals are provided below to mirror the above proposals and agreements for HARQ-ACK timing.


Figure 5.2-1. PUSCH Out-of-Order HARQ for the same HARQ ID
Proposal 11: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 12: For any two HARQ process IDs A and B, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the UE is not expected to send the PUSCH for A after the PUSCH for B at least under the following conditions
· The PUSCH transmissions for both HARQ processes are scheduled from DCI monitored within the first 3 symbols of the slot and with a 14-symbol PDCCH monitoring periodicity (Case 1-1)

 Conclusions
Proposal 1: Capture agreement that fallback DCI (i.e., DCI Format 1_0) HARQ-ACK timing values are fixed in specification as given by the text proposal in Appendix 7.1.
Proposal 2: When RRC configures the same value k of HARQ-ACK timing for all possible 3-bit values which are allowed in the DCI Format 1_1 field, then 0 bits are actually allocated for this field in the DCI. In this case, when the UE receives a PDSCH on slot n, the UE is expected to send the corresponding HARQ-ACK on slot n+k. (See Appendix 7.2 for Text Proposal.)
Proposal 3: The following UE behavior should be captured in TS38.213
· In the case of DL SPS PDSCH, in the case when the HARQ-ACK timing indicator field value conflicts with the semi-static slot configuration at slot n+k, the UE is not expected to send the HARQ-ACK. 
· In the case of dynamic SFI, the HARQ-ACK for the DL SPS PDSCH is taken to be of higher priority and the UE is expected to still send the HARQ-ACK when there is conflict.

Proposal 4: The UE processing times in Table 3.1-1 in R1-1801124 apply to the case of “slot-based scheduling”, i.e., corresponding to the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, and Non-CA case
· FFS: CA case
· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 
· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH Type A, and PUSCH Type A or B
· PDSCH duration of at least 7 symbols
· For C-RNTI only
· FFS also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS if UE can indicate support for this processing time only when the number of scheduled RBs is less than some fraction X of the active BWP.

Table 3.1-1 UE Processing Time (Capability #2) for Slot-Based Scheduling
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]2.5
	[2.5-6]2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6]2.5
	[2.5-6]2.5


2. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 5: The aggressive UE processing time capability (Capability #2) in NR Release 15 should consider possibility of using smaller processing times than those given by Table 3.1-1 at least when operating under the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH
· PDSCH Type B and PUSCH type B time-domain allocation 
· FFS: increase N1 by d symbols if front-loaded DMRS comes d symbols after first PDSCH symbol
· Note: if PDSCH Type A with less than 7 symbols is supported, the capability needs to be further discussed
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· FFS: More than one PDSCH and/or PUSCH case
· Non-CA (FFS: CA)
· For C-RNTI only

Proposal 6: For CA with cross-carrier scheduling, if the carrier with PDCCH is delayed by is symbols (which may be fractional value) relative to the PDSCH carrier, then the processing time requirement for the UE is increased to N1+ .
Proposal 7: The MAC CE latency, defined as the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message, should be uniformly [2 or 2.5] ms across all cases.
Proposal 8: For the baseline UE capability, the UE is not expected to handle more than 1 uplink unicast data grant and 1 downlink unicast data grant decoded within the CORESETs located in the first 2 or 3 symbols of a slot.
Proposal 9: The following UE behaviour should be captured in TS38.213 and TS38.214.
· For 38.213
· When the UE decodes PDCCH associated with RA-RNTI on a given slot, the UE is not required to decode any PDCCH for any other RNTI on that slot
· For 38.214
· When the UE decodes PDSCH associated with RA-RNTI on a given slot, the UE is not required to decode any PDSCH for any other RNTI on that slot
· When the UE decodes PDSCH associated with SI-RNTI on a given slot, the UE is not required to decode any PDSCH for any other RNTI on that slot
· When the UE decodes PDSCH associated with P-RNTI on a given slot, the UE is not required to decode any PDSCH for any other RNTI on that slot

Proposal 10: For any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the UE is not expected to send the HARQ-ACK for A after the HARQ-ACK for B at least under the following conditions
· The PDSCH transmissions for both HARQ processes are scheduled from DCI monitored within the first 3 symbols of the slot and with a 14-symbol PDCCH monitoring periodicity (Case 1-1)

Proposal 11: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (grant) for a unicast PUSCH transmission with the same HARQ process ID until
· The time after the end of the expected transmission of the PUSCH for an earlier transmission on the same HARQ process ID

Proposal 12: For any two HARQ process IDs A and B, if the scheduling DCI for unicast PUSCH transmission A comes before the scheduling DCI for unicast PUSCH transmission B, then the UE is not expected to send the PUSCH for A after the PUSCH for B at least under the following conditions
· The PUSCH transmissions for both HARQ processes are scheduled from DCI monitored within the first 3 symbols of the slot and with a 14-symbol PDCCH monitoring periodicity (Case 1-1)

Some additional text proposals are provided in the appendix.
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Appendix: Text Proposals
TP for Proposal 1
==== 212 Subclause 7.3.1.2.1 ===
-	PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in Subclause 9.2.3x.x of [5, TS38.213] 
==== 213 Table 9.2.1-1 ===
Table 9.2.1-1: Mapping of PDSCH-to-HARQ_feedback timing indicator  field values to numbers of slots
	PDSCH-to-HARQ_feedback timing indicator 
	
Number of slots 
DCI Format 1_1
	
Number of slots 
DCI Format 1_0

	'000'
	1st value provided by DL-data-DL-acknowledgement
	1

	'001'
	2nd value provided by DL-data-DL-acknowledgement
	2

	'010'
	3rd value provided by DL-data-DL-acknowledgement
	3

	'011'
	4th value provided by DL-data-DL-acknowledgement
	4

	'100'
	5th value provided by DL-data-DL-acknowledgement
	5

	'101'
	6th value provided by DL-data-DL-acknowledgement
	6

	'110'
	7th value provided by DL-data-DL-acknowledgement
	7

	'111'
	8th value provided by DL-data-DL-acknowledgement
	8



TP for Proposal 2
==== 212 Subclause 7.3.1.2.1 ===
PDSCH-to-HARQ_feedback timing indicator – 0 or 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
==== 213 Table 9.2.1-1 ===


If the UE detects ahas been configured with the same value k for all values of the higher-layer parameter DL-data-DL-acknowledgement, then DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot .
TP for Proposal 11
==== 214 Subclause 6 ===
If a UE is configured by higher layers to decode PDCCH with the CRC scrambled by the C-RNTI, the UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 shall decode the PDCCH and transmit the corresponding PUSCH indicated by that DCI. The UE is not expected to receive the any DCI for a given HARQ process until after the end of the expected transmission of PUSCH for that HARQ process.
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