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Introduction
This document provides a summary of the issues addressed by the submissions [2]-[23] to RAN1 #91 in 7.3.3.2 which can be essentially grouped along the following topics.
· DL/UL Scheduling
· UE Processing Time
· HARQ-ACK Feedback Timing
· [bookmark: _Hlk495281954]Maximum number of HARQ processes
· Other aspects of HARQ management

Note that HARQ HARQ-ACK multiplexing and bundling was also discussed in the contributions but those aspects are combined in the summary for 7.3.4.2 Other Aspects on Carrier Aggregation. This includes proposals which address both CA and CBG-based re-transmission, in addition to non-CA non-CBG semi-static and dynamic TDD and FDD. 
Some aspects related to scheduling and HARQ management discussed here are also related to topics in 7.3.3.1.
[bookmark: _GoBack]This is a 4th revision updating R1-1721515.
DL/UL Scheduling
Throughout this summary, different aspects related to slot-based scheduling and non-slot (or mini-slot) based scheduling are discussed. It is therefore important to establish some of the terminology and properties related to these before proceeding. The following summary is provided based on [9] with some modification reflecting other contributions.
 
Table 1. Slot-based and non-slot based scheduling
	Slot-based scheduling
	Non-slot (mini-slot) based scheduling

	CORESET used for PDCCH scheduling PDSCH/PUSCH is restricted to first three symbols.
	CORESET used for PDCCH scheduling PDSCH/PUSCH can be beyond the first three symbols of a slot.

	CORESET monitoring periodicity is in integer multiples of 14 symbols.
	CORESET monitoring periodicity can be < 14 symbols.

	PDSCH starting symbol is within first [4] symbols of a slot, spans more than [7] symbols up to the entire slot. First DMRS for PDSCH occurs in 3rd or 4th symbol of a slot (DL-DMRS-typeA-pos).
	PDSCH starting symbol can be beyond first four symbols of a slot, and spans 2/4/7 symbols. First DMRS for PDSCH occurs in 1st symbol of PDSCH, and 1 additional DMRS if PDSCH spans 7-symbols (DL-DMRS-typeB-pos).



It is clear from various contributions that the flexibilities associated with non-slot based scheduling might be be considered as an optional UE capability in general [9], or supported only in a very limited fashion for all UEs in Rel 15 [5]. The contribution [2] suggests further reduction in specification scope to benefit implementation.
The following discussion between 7.3.3.1/7.3.3.2 arrived at the following proposal, but this was later captured in a another agreement for 7.3.3.1.
Offline Proposal: For unicast scheduling, a UE can be RRC configured with DMRS type A, or A and B. 
· FFS whether explicit bit is used in RRC

For RRC configuration of resource allocation in time domain, UE can be configured to use DMRS type A or B.

Proposal 1: The minimum time period supported in NR between any two PDCCH monitoring occasions for scheduling DCI is no less than 125us from UE perspective.

Views/comments are welcome below.
	Company
	Comment

	
	



UE Processing Time
In this section, we survey processing time updates since RAN1 #90bis, along with additional considerations related to UCI multiplexing, carrier aggregation, mixed uplink and downlink numerology, and non-slot-based scheduling.
Slot-based Scheduling
Here we update the UE processing times related to slot-based scheduling taking into account carrier aggregation. No UCI multiplexing with data is assumed for any these cases, but processing time discussion for these aspects is provided in Section 3.3. Contributions [2],[3],[17] provide updated values addressing carrier aggregation, although some are conditioned upon the progress in other topics such as cross-carrier scheduling and control channel search space. 
Survey of Capability #1
Table 2. UE Processing Time and HARQ Timing (Capability #1)
	Configuration
	Reference
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	[1] 
	N1
	Symbols
	[8]
	[10]
	[14]
	[14-21]

	
	[2]1
	N1
	Symbols
	N/C
	N/C
	N/C
	[21]

	
	[3]2
	N1
	Symbols
	N/C
	N/C
	[17]
	[21]

	
	[9]
	N1
	Symbols
	No Proposal
	No Proposal
	No Proposal
	No Proposal

	
	[11]3
	N1
	Symbols
	N/C
	N/C
	N/C
	[18]

	
	[17]4
	N1
	Symbols
	N/C
	N/C
	N/C
	N/C

	Front-loaded + additional DMRS
	[1] 
	N1
	Symbols
	[13]
	[13]
	[17]
	[21]

	
	[2]1
	N1
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[3]2
	N1
	Symbols
	N/C
	[14.5]
	[20]
	[24]

	
	[9]
	N1
	Symbols
	No Proposal
	No Proposal
	No Proposal
	No Proposal

	
	[11]3
	N1
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[17]4
	N1
	Symbols
	N/C
	N/C
	N/C
	N/C

	Frequency-first RE-mapping
	[1] 
	N2
	Symbols
	[9]
	[11]
	[17]
	[31]

	
	[2]1
	N2
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[3]2
	N2
	Symbols
	[11]
	[19]
	[35]
	[45]

	
	[9]
	N2
	Symbols
	No Proposal
	No Proposal
	No Proposal
	No Proposal

	
	[11]3
	N2
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[17]4
	N2
	Symbols
	N/C
	N/C
	N/C
	N/C


1. [2] This is also extended to CA operation up to 4 CCs.
2. [3] This is also extended to CA operation. The N2 also extends to “Simple aperiodic CSI” cases (i.e., WB CQI/RI/PMI w/ 2 CSI-RS ports; location of CSI-RS at symbol#x, x<=6”). Other configurations for aperiodic CSI reporting require 20, 24, 44, and 52 symbols across the respective SCS.
3. This only applies to non-CA case.
4. N2 should be increased by 1 if any data REs are at the start of the scheduled transmission. Further clarifications on timeline provided in case of UCI multiplexing.

Upon review of the details underlying the different estimates, the following table is proposed below with some compromises considered. First, at the higher sub-carrier spacings the higher N1 processing times were assumed to provide some margin when the slot-durations were smaller. This was not however taken in the case of N2 since some relaxations may be associated also with CSI reporting, and here we instead propose to de-couple these times in Section 3.3. N2 was incremented by 1 since PUSCH may have DMRS FDM’d in the 1st symbol with data, or DMRS may come after the 1st PUSCH symbol altogether. Note that in some cases e.g., [2],[9],[17], conditions on number of supported carriers or number of supported blind decodes (and channel estimations related to blind decodes) were associated with support of the values below. Thus, agreement of this table below should take into account progress along these other design aspects.
Offline Consensus (Proposal 2): The baseline UE processing time capability in NR Release 15 for slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 2-1 below. 
· FFS whether processing times can be supported also for cross-carrier scheduling
· FFS if front-loaded DMRS occurs beyond 4th symbol of slot, add 1 symbol to N1 in table

Table 2-1. UE Processing Time and HARQ Timing (Capability #1)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N13
	Symbols
	8
	10
	17
	20

	
	
	us
	571
	357
	303
	178

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	
	
	
	928
	464
	357
	214

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36

	
	
	
	71.4
	35.7
	17.9
	8.9


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


Views/comments are welcome below.
	Company
	Comment

	
	



Survey of Capability #2
Table 3. UE Processing Time and HARQ Timing (Capability #2)
	Condition
	Reference
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	[1]
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	
	[2]1
	N1
	Symbols
	3
	5 

	
	[3]2
	N1
	Symbols
	No Proposal
	No Proposal

	
	[9]
	N1
	Symbols
	No Proposal
	No Proposal

	
	[11]
	N1
	Symbols
	3
	5

	
	[17]
	N1
	Symbols
	No Proposal
	No Proposal

	Front-loaded + additional DMRS
	[1]
	N1
	Symbols
	[12]
	[12]

	
	[2]1
	N1
	Symbols
	13
	13

	
	[3]2
	N1
	Symbols
	No Proposal
	No Proposal

	
	[9]
	N1
	Symbols
	No Proposal
	No Proposal

	
	[11]
	N1
	Symbols
	N/C
	N/C

	
	[17]
	N1
	Symbols
	No Proposal
	No Proposal

	Frequency-first RE-mapping
	[1]
	N2
	Symbols
	[2.5-4]
	[2.5-6]

	
	[2]1
	N2
	Symbols
	4
	6

	
	[3]2
	N2
	Symbols
	No Proposal
	No Proposal

	
	[9]
	N2
	Symbols
	No Proposal
	No Proposal

	
	[11]
	N2
	Symbols
	5.5
	5.5

	
	[17]
	N2
	Symbols
	No Proposal
	No Proposal


1. [2] Proposes to remove UE capability differentiation on front-loaded + additional DMRS since there was no significant change from baseline.
2. [3] Further restrictions were recommended for this processing time 
a. Further restrict of FDMing DMRS and PUSCH due to UE processing timeline. If FDMing DMRS and PUSCH is allowed, one additional OFDM symbol is added to N2.
b. Only CP-OFDM is allowed for PUSCH.
c. Reporting aggressive UE capability for N1 (in case of front-loaded DMRS only) along with support for 0%, 20% or 100% of max PRB number for DL. This is also suggested by [6].
d. Indicate support of 1,2, or 4 CC.

For this second case, there seemed to be less convergence on values and more conditions associated with supporting this capability. Therefore, the more relaxed set of values are suggested for the final proposal regarding the processing times. As with the baseline UE processing time proposal, some of these are contingent upon progress in other design aspects.
Proposal 3: The aggressive UE processing time capability in NR Release 15 for slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH, is given by Table 3-1 below.
· FFS whether processing times can be supported also for cross-carrier scheduling
· FFS whether two additional parameters can be carried to indicate the support 20% or 100% of max PRB number (respectively for UL and DL) for the aggressive UE processing time.

Table 3-1. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	
	
	us
	214
	178

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	
	
	us
	214
	178

	Frequency-first RE-mapping
	N21
	Symbols
	[4]2
	6

	
	
	us
	285
	214


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
2. FFS: further relaxation by ½ symbol if HARQ process ID is not provided in DCI.

Views/comments are welcome below.
	Company
	Comment

	
	


 
CSI Reporting and UCI Multiplexing
Recall that the original framework for UE processing time was based on simplified assumptions which did not include UCI multiplexing among ACK or CSI-reports or Data. The notion of extending this was expressed in [7], and addressed quantitatively in [3] and [17] while other contributions did not explicitly provide any adjustments. Here, we first provide a proposal from [17] to first establish the processing time terminology in this context, and then use this to extend to UCI multiplexing. 
Proposal 4: NR should specify UE capability for processing time N3 for reporting CSI in the case of no UCI multiplexing, associated with additional conditions (e.g., CSI parameter, number of antenna ports, sub-carrier spacing, CSI-RS location), in terms of symbols. If the Y indicated in DCI for CSF reporting exceeds the capability of the UE then the UE is not expected to report CSI, otherwise the UE reports CSI. 
· FFS on capabilities, e.g., Table 5 below (taken from [3]).

Table 5. UE processing time for Aperiodic CSI (ACSI) reporting
	Configuration
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Simple ACSI1
	Symbols
	[11]
	[19]
	[35]
	[45]

	Non-simple ACSI
	Symbols
	[20]
	[24]
	[44]
	[52]

	
	
	
	
	
	


1. Conditions for simple ACSI are WB CQI/RI/PMI w/ 2 CSI-RS ports; location of CSI-RS at symbol#x, x<=6.

In [17], a set of conditions to extend the current processing time were presented. These are proposed below slightly modified to address a few other combinations not originally included.

(Offline consensus) Proposal 5:  In the case of multiplexing HARQ-ACK with uplink data on PUSCH
· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective
· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only
· N2’ the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding the same PUSCH transmission from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [0 or 1] symbols
· UE is not expected transmit the HARQ-ACK multiplexed with uplink data if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
· FFS: how to much time is needed to multiplex CSI reports, depending on outcome from MIMO session.

Companies commented that the above should have a set of d values (or candidates) defined for completeness. Also, N3 needs to be provided for further extension to multiplexing with CSI report.

Views/comments are welcome below.
	Company
	Comment

	
	



Mixed Numerologies between UL and DL
In handling mixed numerologies, there can be some complication since different aspects of processing are split between the uplink and downlink numerologies. Two approaches were provided in [2] and [17] to address this by taking N1 and N2 and applying only one of the existing numerologies. Below is a modified proposal which take the more relaxed timing, as can be seen in earlier Table 2-1 and 3-1.
Note this was agreed in separate session.
Offline Consensus (Proposal 6): In the case of mixed numerology between the UL and DL, the UE processing times for N1 and N2 apply according to the lowest subcarrier spacing between the UL and DL numerologies.

Views/comments are welcome below.
	Company
	Comment

	
	



Mini-slot Scheduling
Regarding non-slot scheduling, which in Section 2 is regarded as any supported flexibility in Table 1, there are additional timeline considerations related to the fact that the pipeline depth cannot be leveraged when the transmissions durations are a very small number of symbols. This was nicely illustrated in [2], and given the focus from several other contributions on slot-based scheduled e.g., [3], [17], this is somewhat a commonly observed limitation. The one exception comes from [9], which suggests that the minimum UE-processing times and HARQ timings be the same.
At least upon review of [2] and [9], it is possible to reconcile these views based on the observations. For instance, if one examines the proposed values in [2], the only framework which needs extension upon the slot based scheduling cases are (1) 7-symbol distributed DMRS case (since channel interpolation need only span 7 symbols), and (2) the 60kHz case which is not specified aggressively.
The following was proposed in [2] accounting for further analysis in processing time for shorter scheduled durations. However, this may need more feedback from other companies.
Proposal 7:  The UE capabilities for processing time should also address non-slot-based scheduling including CA case with single numerology for PDCCH, PDSCH, and PUSCH 
· FFS: re-use existing tables with minor modification or provide new processing time tables.
· FFS: single UE capability for mini-slots or two UE capabilities

An example is provided in Table 4 which needs further discussion. Note this also combines input from [2], which proposed a separate capability table for mini-slots.

Table 4. UE Processing Time and HARQ Timing for Mini-slot Based Scheduling (UE Capability #1 or #2)
	Configurations
	Unit
	15 kHz
	30 kHz
	60 kHz

	N1
	Front-loaded DMRS only 
	Symbols
	Table 2-1 or 
Table 3-1
	Table 2-1 or 
Table 3-1
	Table 2-1 or [8]1

	
	7-OS Front-loaded + additional DMRS
	Symbols
	Table 2-1 or [7]1
	Table 2-1 or [9]1
	Table 2-1 or [10]1

	N2

	Frequency-first RE-mapping
	Symbols
	Table 2-1 or 
Table 3-1
	Table 2-1 or 
Table 3-1
	Table 2-1 or [11]1


1. Note that Table 3-1 could be extended to include the additional values given here for the additional conditions on 60 kHz and 7-symbol front-loaded + additional DMRS.

Views/comments are welcome below.
	Company
	Comment

	
	



Other Comments
Two remaining areas of discussion were raised in [2] and [9], respectively addressing the default processing time assumptions and UE assumptions when there are switches. Slightly modified proposal from [2] is included below, where the restriction to initial access and re-transmission is not included since this would need more discussion. For instance, in the case of initial access there may be some aspects of L2 packet inspection which are not including in the processing time evaluation.
The default processing time proposal from [2] is combined in a later section on HARQ-ACK feedback timing.

Offline consensus (Proposal 8) UE is not expected to receive anything on a symbol if it is within T us from an UL transmission by that UE on unpaired spectrum for a given serving cell.
· Note that the exact value of T may not be in RAN1 specification.


Views/comments are welcome below.
	Company
	Comment

	
	



HARQ-ACK Feedback Timing
In this section, several aspects for HARQ-ACK feedback timing are discussed including timing indication, semi-static operation, and default timing. 
Timing Indication
Regarding the timing indication, open issues are related to what the indication represents and how many bits to signal the indication. Upon reviewing proposals among companies, we have the following survey.
· Slot-based scheduling
· 2-bits in DCI signal slot which contains the K1 slot-timing
· [2], [10] (separate from ACK resource field), [4] (shared with ACK resource field), [20] 
· 3-bits in DCI signal slot which contains the K1 slot-timing
· [13] (separate from ACK resource)
· Support also 0-bit semi-static operation in TDD and FDD
· [4], [6], [20] (fixed and slot-dependent)
· Mini-slot based scheduling
· 2-bits in DCI signal slot which contains the K1 slot-timing (and not the resource within the slot)
· [2] (separate configuration from slot-based)
· 3-bits in DCI signal timing delay between PDSCH and ACK in symbols
· [13]
· Two separate timing parameters in DCI representing both slots and symbols respectively
· [4]

In addition to the above, [7] did not provide specific proposals but generally shared the motivation of reducing DCI overhead and configuring timing separately for slot-based and non-slot based operation. [12] provided design criteria which seemed to be supported already from the above framework. Therefore, at least it seems the following proposal below would be essential in enabling both semi-static TDD and dynamic TDD, while also supporting FDD; and this seems shared by almost all of the proposals put forth in contributions.
Note that the following was discussed and agreed. Please see Chairman’s notes for final wording.
Offline Proposal: [2 or 3]-bits are used to indicate K1 slot-timing in DCI
· RRC configures the set of K1 values to be indexed by these bits

Note about PUCCH offline that consensus was for separate ACK resource field (which includes symbol location w/in slot)

Regarding non-slot based operation, more discussion is needed on how to signal the relative timing for the ACK. Note that this may also depend on the symbol timing discussions also in PUCCH design sessions (e.g., 7.3.2.1).
Default Timing
Finally, some discussion related to the default HARQ timing indication was provided in [4],[10],[11],[20], when the UE has not been configured with the HARQ timing values to be signaled in DCI. This is also combined with the notion of default UE processing time proposal given in [2].

Proposal 10: For the case when RRC connection has not yet been established, the UE processing time should be assumed to be the maximum values among all conditions under the same SCS.
· FFS for conditions other than slot-based scheduling where the maximum is applied

Proposal 11: For the case when RRC connection has not yet been established and the timings are unknown to UE
· A default values for the timing indication of the HARQ-ACK relative to the PDSCH can be predefined or configured by system information
· This values is mapped to one of the values which are indicated by a bit field in DCI. 

Views/comments are welcome below.
	Company
	Comment

	
	



Maximum number of HARQ processes
Regarding the maximum number of HARQ processes, the survey of positions at this meeting is given below.
· 16: [2],[13],[16],[20]
· 8: [5],[10],[23]

Additionally, [9] encourage using smaller values such as 8 and [17] also encourage reducing the maximum number in light of latency improvements, reduced overhead and complexity. It should be noted that the configurability on the maximum number of HARQ processes was agreed at RAN1 NR AdHoc #3 (Nagoya).
Agreements:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design

Moreover, since the soft buffer size at the UE is de-coupled from the specification, the maximum number supported in specification does not mean the UE must support the largest possible HARQ RTT with the largest bandwidth. Therefore, the following proposal is considered for discussion at this meeting.

Offline consensus (Proposal 11): The maximum number of DL HARQ processes per carrier that can be signalled in DCI is 16. The maximum number of UL HARQ processes per carrier that can be signalled in DCI is 16.

Views/comments are welcome below.
	Company
	Comment

	
	



Other aspects of HARQ management
A few other important aspects for HARQ management were discussed in this agenda and are covered here.
First, [17],[20] both discuss certain aspects related to dynamic HARQ timing. [17] generally raises awareness of out-of-order possibilities, while [20] discuss details related to the specific case of re-transmission before ACK on downlink. [2] proposes to put a lower limit of 125us between the two closest scheduling instances (i.e., in terms of separate PDCCH monitoring occasions) in specification.
With regard to HARQ management, [23] discusses how the HARQ process pool should be unified between non-slot and slot-based scheduling. This is also a consequence of the proposal for mandatory support of non-slots by [5].
Since several of these proposals serve to reduce the scope of specification for Rel-15, they are stated below. However, the topic of ordering with dynamic HARQ timing needs more discussion and some conditions should also be added to reduce the scope. 
Proposal 12: From the UE Perspective, transport blocks should not cross slot boundaries.
Proposal 13: A single HARQ process pool is configured per carrier for DL (and also for UL). This single DL pool is shared by all DL transmissions on a carrier irrespective of CORESET configuration. The single UL pool is shared by grant-free and grant-based UL transmissions.

Views/comments are welcome below.
	Company
	Comment

	
	



Additional comments
Additional views/comments are welcome below.
	Company
	Comment
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Appendix
The following Table A.1 from R1-1716865 is provided for reference. The purpose of this table originally was to provide reasonable scope for understanding processing times achievable in NR. The current proposals in this summary considering widening the scope such that slot-based scheduling is covered in the set of operations, which may mean additional changes the such as the CORESET configuration.

Table A.1. Candidate factors for UE processing time (N1,N2)
	
	N1
	N2

	Nominal assumptions
	Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM
· Up to 3300 active subcarriers2
PDCCH
· Same numerology / BWP as PDSCH
· Single grant monitored for PDSCH
· 44 blind decodes, single symbol CORESET
PDSCH
· PDSCH does not precede PDCCH
· 14-symbol slot-based scheduling
· Frequency-first RE-mapping, no time-interleaving of CBs across TB
PUCCH 
· Short formats for HARQ-ACK
	Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 2-layer MIMO and 64-QAM
· Up to 3300 active subcarriers
PDCCH
· Same numerology / BWP as PUSCH
· Single grant monitored for PUSCH
· 44 blind decoding, single symbol CORESET
PUSCH
· 14-symbol slot-based scheduling
· No time-interleaving of CBs across TB 
· DFTsOFDM or OFDM
· Front loaded DMRS for low latency4
· No UCI multiplexing

	Candidate factors 
	· SCS
· DMRS configuration3
· [Percentage of peak rate]
· [RE-mapping1]
	· SCS
· RE-mapping (depending on specification)1 
· [Percentage of peak rate]



1Preferred RE-mappings may be specified in cases where decisions are pending.
2Some consideration can also be given to N1 when the 3300 active subcarriers are achieved with carrier aggregation. 
3Front loaded and distributed patterns are assumed. For front loaded, the 3rd and 4th symbols have DMRS. 
4N2 is measured from the start of DMRS (since front-loaded assumption is made). One DMRS is TDM with PUSCH.
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