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Introduction
This summary is based on the submissions [1] through [14]. ([9] is revision of [16].) Remaining issues across the following topics were discussd among these contributions.
· HARQ Timing Indication
· UE Processing Time
· HARQ Management 
· Scheduling and UE Capabilities
· HARQ-ACK Codebook

Details for each of these topics is provided in the following sections, along with proposals or points of discussion for the upcoming meeting. Priority is given toward maintenance of the December specification release.
HARQ Timing Indication
[bookmark: _GoBack]DCI with 0-bit HARQ Indication Field
It was captured in RAN1 AH 1801 regarding the support of a 0-bit HARQ timing indication field in DCI.
· 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

It seemed clear from the submissions that all companies were either in support (or had no position). Therefore, we have:
(Discussed online, no consensus on this solution and one company had concern it may be confusing)
Proposal 2.1-1: The HARQ-ACK timing indicator field in DCI format 1_1 is not present if all entries in the set of configured HARQ-ACK timing values are the same.
Finally, it was noted in [14] that TS 38.213 and/or RAN2 specifications should capture the default values agreed from last meeting. 
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}

(to be revisited later in week)
A text proposal will be provided to capture HARQ timing values in fallback DCI.

DL SPS HARQ Timing
From RAN1 AH 1801, the following was captured in [15]
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

Regarding conflicts with semi-static configuration, there were mainly two options of either postponing the HARQ-ACK [1][7][9], or not postponing and letting UE to cancel or have error case [3][5][13]. Similar positions were given for dynamic SFI. Overall, a simple solution is preferred, and since the network is in control of all these aspects and can avoid conflicts, it seems reasonable to that UE is not expected to deal with such conflicts.
(to be revisited)
Proposals:
· For the case of DL SPS PDSCH with semi-static DL/UL configuration, 
· In case DL SPS HARQ-ACK feedback associated conflicts with the semi-static DL/UL configuration DL-symbols in slot n+k, UE postpones the DL SPS HARQ-ACK feedback to the next available slot in which such conflict does not exist. 
· Check offline regarding the conditions for collision and the freuqenncy of such collision
· For the case of DL SPS PDSCH with dynamic SFI, 
· If UE has conflict between the HARQ-ACK feedback associated in slot n+k and dynamic SFI, the UE treats this as an error condition

HARQ Management
Dynamic scheduling with flexible timing for K0/K1/K2 was acknowledged to have some problematic combinations from last meeting, leading to the following agreement.
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 combinining for the same HARQ process ID can be assumed

Although only one company [13] proposed to extend this rule similarly for the uplink, this would be in line with the reasoning which achieved the agreement below and so it is brought here for discussion. See the illustration given below.


Figure 3-1. PUSCH Out-of-Order HARQ for the same HARQ ID (from [13])

Proposal 3-1: For each HARQ process ID, the UE is not expected to receive a scheduling DCI (dynamic 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

More discussion regarding the downlink was also captured in RAN1 AH 1801.
· 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
From a baseline capability standpoint in Release 15, it seems reasonable to constrain the behaviour in such a manner. Then implementation can be more efficiently pipelined. Reference [12] provides a nice illustration of this below.
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Figure 3-2. HARQ Out-of-Order and Effect on Pipelining (from [12])

Contributions [9],[13] propose to just drop the later HARQ-ACK to prioritize the later PDSCH transmission which needs earlier acknowledgement, while [12] suggests more complicated specification where a timeline relaxation should be introduced where so both HARQ-ACKs can be reported (otherwise, behavior presumably would default to that proposed by [9],[13] again). Again aiming for simpler specification clarification to December release, we propose the formulation of [13] slightly modified, where the operation is at least constrained in the baseline UE capability control monitoring operation (i.e., Case 1). More advanced UE capabilities e.g., associated with URLLC may choose to revisit this case.
(to be revisited)
Proposal 3-2: 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 be triggered 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 detected with a 14-symbol PDCCH monitoring periodicity (Case 1)

Finally, the following would be mirrored for the uplink if the above was found agreeable.
Proposal 3-3: 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 (dynamic grant) detected within a 14-symbol PDCCH monitoring periodicity (Case 1)

Simultaneous PDSCH Reception
It was raised in [2] that according to TS 38.202, UE in RRC_CONNECTED can receive at most 4 PDSCHs simultaneously. See below illustration. These 4 PDSCHs are indicated by PDCCHs with CRCs scrambled by C-RNTI, P-RNTI, SI-RNTI, and RA-RNTI. This means UE needs to reserve hardware capability for 4 simultaneous PDSCHs to take care of the worst case. 
[image: ]
Figure 4-1. Multiple PDSCHs received simultaneously by UE (from [2])
Both [2],[13] note that in LTE TS 36.213, the following statement exists to reduce cost on UE implementation: 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. Therefore [2],[13] proposes to keep the same UE behaviours in NR.
Additionally, [13] goes further to indicate that similar behaviour should be extended to P-RNTI and SI-RNTI. Reasons for extending beyond LTE’s restriction are due the flexible scheduling and DMRS patterns in NR (particularly between broadcast and unicast), as well as the notion that this limitation will anyway manifest in multi-beam systems where it may not be able to ensure same simultaneous transmission/reception across the broadcast and unicast beams. Therefore, we extend this UE behaviour limitation to P-RNTI and SI-RNTI. Note that the overall impact to the system is expected to be minimal due to the infrequency of paging occasions and system information updates. 
The following proposal is replaced with discussion on Table 4-1.
Proposal 4-1: When a PDSCH indicated by either RA-RNTI or SI-RNTI or P-RNTI, and another PDSCH indicated by either C-RNTI or CS-RNTI are both assigned in common OFDM symbol(s), the UE is not required to decode a PDSCH on the primary cell indicated by C-RNTI or CS-RNTI.

Offline discussion on simultaneous Downlink PDSCH
Table 4-1: Downlink PDSCH Combinations
	State
	RNTI that can be monitored on PCell

	IDLE
	Broadcast PDSCH:
· SI-RNTI, P-RNTI, RA-RNTI, TC-RNTI

	RRC_INACTIVE
	Broadcast PDSCH:
· SI-RNTI, P-RNTI, RA-RNTI, TC-RNTI


	RRC_CONNECTED
	Broadcast PDSCH:
· SI-RNTI, P-RNTI, RA-RNTI, TC-RNTI

Unicast PDSCH:
· C-RNTI, CS-RNTI




The following proposals are brought to reduce burden of implementation for simultaneously decoding when UE is connected.

Proposal 4-1: For broadcast PDSCH, TBS is limited to [3000], MCS is limited to QPSK, rank is limited to 1.

Observation: C-RNTI and CS-RNTI could be managed by network not to be simultaneously transmitted to a UE.
Proposal 4-2: UE is not expected to simultaneously decode both C-RNTI PDSCH and CS-RNTI PDSCH in the same slot from the primary cell when connected.

Observation: RA-RNTI and TC-RNTI could be managed by network not to be simultaneously transmitted to a UE.
Proposal 4-3: UE is not expected to simultaneously decode both RA-RNTI PDSCH and TC-RNTI PDSCH in the same slot from the primary cell.

Observation: 	RA-RNTI PDSCH prioritized over C-RNTI PDSCH.
Proposal 4-4:  If UE receives RA-RNTI PDSCH and C-RNTI (or CS-RNTI) PDSCH in the same slot from the primary cell, UE is not expected to decode C-RNTI (or CS-RNTI) PDSCH.

The above proposals if agreed can reduce # simultaneous PDSCH to 2 or 3 (i.e., SI-RNTI, P-RNTI, RA-RNTI or C-RNTI)
Observation: P-RNTI may not require PDSCH in connected (because network can use short message in DCI).
Proposal 4-5:  (working assumption) P-RNTI PDSCH is not required to be decoded in connected mode.

Finally, the following can be used to further reduce # simultaneous PDSCH to 1.
Proposal 4-6: If UE is not expected to simultaneously decode both C-RNTI (or CS-RNTI) PDSCH and SI-RNTI PDSCH  in the same slot from the primary cell at least for FR2.

Offline it was also mentioned that the above addresses FDM of unicast and broadcast PDSCHs, but it is also needed to discuss the issue about FDM of multiple broadcast PDSCHs. On proposal offline from MediaTek was given below.
(discussion replaced with above table)
Proposal: When PDSCHs indicated by either RA-RNTI or SI-RNTI or P-RNTI are assigned in common OFDM symbol(s), the UE is not required to decode those PDSCHs with TBS>X.
Several other aspects were raised in [2][13][14], which can be categorized into either additional specification of UE behaviour, or further definition of UE capability within existing specification. For the former category, an important issue to address is the handling of overlapping PUSCH transmissions or PDSCH receptions from the UE perspective for C-RNTI and CS-RNTI. There was not as much alignment on views although the it seemed that limiting the requirement on the UE side was a common these. The following may be a starting point.
(discussion replaced with above table)
In the case of C-RNTI or CS-RNTI per serving cell, the UE is not expected to send multiple PUSCH with overlapping symbols, and UE is not expected to receive multiple PDSCH with overlapping symbols
Regarding UE capabilities, the following two points where raised in [13][14]. 
(discussion replaced with above table)
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 per cell
Discuss whether there is need to set a limit on the number of the number of PDSCH/PUSCH that can be TDM within a slot, if a limit is introduced an appropriate one is around 8 PDSCH/PUSCHs

UE Processing Time
CA and Cross-Carrier Scheduling
At the last meeting, the following comment was captured for further study
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

Among the contributions submitted, only two aligned views [2],[13] were presented and otherwise nothing to suggest objection. A figure from [2] provides a nice illustration of the issue which can negatively affect the UE processing time and lead to higher implementation complexity, depending on how the specification handles this case. This applies to both the case of self-scheeduled and cross-carrier scheduled transmissions.
[image: ]
Figure 5.1-1. UE processing time considering timing difference between different cells (from [2])
(The following was discussed and agreed online.)
Proposal 5.1-1: In case of CA operation, the extra UE processing time shall be introduced based on the max timing difference among CCs defined in RAN4 spec
•	Note : The value may be SCS dependent, depending on RAN4’s discussion

General Clarifications
First, we note a few minor clarifications provided from [2] and [8]. These generally are consistent with the discussions at previous meeting so should be readily agreeable here. The relevance in capturing these are for clarity when considering UE features and baseline capabilities, and specification clarification, respectively.
For context, we provide two of the clarification related agreements from RAN1 AH 1801.
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

Proposal 5.2-1: Clarify that “PDCCH condition Case 1-1 & PUSCH type B” is considered as slot-based scheduling.
For consistency, the above is also clarified in UE features discussion.
(Captured in chairman’s notes)
Proposal 5.2-2: The UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 (or between PDCCH with u1 and PUSCH with u2) should be defined as max(T1, T2) based on the agreement in RAN1#91, where T1 or T2 is the absolute time of N1 in case with single SCS u1 or single SCS u2 for both PDSCH and PUCCH (or for both PDCCH and PUSCH).
Contribution [14] includes some corrections needed to the TS 38.214 regarding the processing time discussion. First, the formulas to convert number of symbols to absolute time should not account for timing advance. This is illustrated in the figure below. Second, it should be stated the absolute time is calculated under an assumption of nominal NCP for the shorter symbol length, just as a matter of convention. It has been clear from the discussions that these processing times are not necessarily meant to be aligned to symbols in the slot, and there are still fractional values in discussion for Capability #2. A text proposal will be provided later in the week, though the following is given for now.
(Captured in chairman’s notes)
Proposal 5.2-3: Remove timing advance from the processing time formulas given in TS 38.214, and clarify that the conversion from symbol units to absolute time assumes NCP (with the shorter symbol length) as a nominal convention.
 


Figure 5.2-1. Processing Time Correction to TS38.214

Aggressive UE Processing Time
We survey the aggressive (Capability #2) processing times submitted among contributions [2],[5],[12],[14] below. Although the range of values may seem to be small, when one considers the relative overhead of these processing times with self-contained operation (e.g., K0/K1/K2=0 slot timing indications), the impact from the range of values can be quite large. For example, for 2.5 symbols, that represents 18% overhead of the slot, whereas 6 symbols represents 43% overhead.
Table 5.3-1 Range of UE Processing Times (Capability #2) Submitted to RAN1 #92
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4], RAN1 #90b
2.5, [13,14]
3, [5,12]
4, [2,9]
	[2.5-6], RAN1 #90b
2.5, [13,14]
4, [9]
5, [2,5,12]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12], RAN1 #90b
12, [5,9,13,14]
13, [12]
Remove [2]
	[12], RAN1 #90b
12, [5,9,13,14]
13, [12]
Remove [2]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6], RAN1 #90b 
2.5, [13,14]
5, [2,9,12]
5.5, [5]
	[2.5-6], RAN1 #90b
2.5, [13,14]
5, [9]
5.5, [5]
6, [2,12]


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

Recall back in the Release 14 NR Study Item the following guidance was agreed to provide much improved latency.
Agreements:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)

Following this guidance, we still recommend companies try to converge on lower values in this table. Note that a relaxation as suggested in [2] might be amenable in order to meet this latency with more implementation flexibility, however the may need more discussion among all implementation aspects on UE and infrastructure side.
Proposal 5.3-1: For the aggressive (Capability #2) processing times in NR Release 15 at least of “slot based scheduling” defined by the following conditions, lower values in the range of Table 3.2-1 should be adopted.
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· 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
· Including CA case with no cross-carrier scheduling
· UE can report support for this processing with separate capabilities from baseline processing time
· FFS details (e.g., limitations on #CCs or maxRBs)

Proposal 5.3-2: For the aggressive (Capability #2) processing times in NR Release 15, the “non-slot based scheduling” case should be defined for 15kHz and 30kHz. This support can be indicated separately from processing time for “slot based scheduling”.
For consistency, the above is also clarified in UE features discussion.
Baseline Processing Time with Short PDSCH
In light of the agreement in RAN1 #92 on minimum PDSCH and PUSCH Type A lengths, the above processing times for Capability #1 in the previous section need to be extended to address these cases since they were agreed for the case where PDSCH Type A is at least 7 symbols. 
Agreements:
· Regarding “Length of the PDSCH is at least X symbols” (PDSCH mapping type A), X=3
· Regarding “Length of the PUSCH is at least Y symbols” (PUSCH mapping type A), Y=4

Note that the allowance of smaller allocations was to provide flexibility in slot structures (e.g., similar to LTE special subframes) without a need for lower latency. At the same time, maintaining the same N1 is somewhat problematic for implementation since the allocation comes before the DMRS and potentially the scheduling PDCCH. Therefore, the following proposal is made.
Proposal 5.4-1: For Capability #1 of UE processing time, the following adjustments to N1 are made:
· If the last symbol of the PDSCH Type A allocation ends d symbols before the 7th symbol in the slot, then N1 is increased by d.

Note that a similar concern was raised in the specification of Capability #1 and non-slot based scheduling, specifically the FFS: increase N1 by d symbols if front-loaded DMRS comes d symbols after first PDSCH symbol. Therefore, to be consistent with the above proposal we also provide the following. Note that Type B is intended for lower latency by allowing DMRS at the very beginning, so this relaxation is still consistent with both the above proposal and the need for Type B. This was also mentioned in [9].
Proposal 5.4-2: For Capability #1 and Capability #2 (if defined) of UE processing time for PDSCH mapping type B with 2- or 4-symbol duration, the following adjustments to N1 are made:
· Increase N1 by d symbols if the scheduling PDCCH ends d symbols after first PDSCH symbol.
.

Other aspects
The following proposals for [12] may need further considerations since there are implementation aspects.
(for further discussion)
· For retransmission, gNB should assume the processing time to be the maximum values in absolute time among all conditions.

There was discussion provided in [8] with regard to cross-carrier scheduling with mixed numerology. The limitations placed in this case seem reasonable although this agenda item has not had much discussion on CA in general. The points are listed below but coordination with CA agenda item will be done to address. 
(for further discussion)
Following two cases of cross-CC scheduling between the CCs with different numerology are to be supported with consideration of UE processing complexity.
1) Cell 1 with smaller SCS (or longer slot) schedules Cell 2 with larger SCS (or shorter slot) where the maximum number of DL/UL scheduling DCIs for a same UE detected via single CORESET or search space is limited.
2) Cell 1 with larger SCS (or shorter slot) schedules Cell 2 with smaller SCS (or longer slot) where the slot location allowable for the DCI transmission (relative to the corresponding DL data transmission) is restricted.

There was also issue raised in [14] that processing time SPS release was not discussed.
(for further discussion)
The UE processing requirement for SPS release (e.g., action time is on the following slot)

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.
 
Default HARQ Processes
A few other topics were provided other than above mentioned, although not all are considered essential at this point for closing the December release. Both [8][14] discussion the number of PDSCH HARQ processes which should be assumed by the UE priori to RRC configuration. The proposal below is slightly worded to be more consistent with TS 38.214. 
This was discussed and will be revisited:
Proposal 6-1: The default number of PDSCH HARQ processes configured by the higher layer parameter nrofHARQ-processesForPDSCH is 8.

HARQ-ACK Codebook
Several contributions were also provided here regarding HARQ-ACK codebook [3][4][10][12]. There should be some coordination with CA agenda to address some of the topics, since related proposals exist also in that session. Some of the more common views are provided below
(for further discussion with CA session)
(confirmation of WA as proposed by [4],[10]) In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the PCell, the UE reports HARQ-ACK only for the one PDSCH
· FFS whether additional constraints are necessary for the above operation

(clarification from [3][12]) Semi-static codebook should be determined based on either a union of the sets of K1 values for DCI formats 1_0 and 1_1 or the applicable K1 values when scheduled by DCI format 1_0 are limited to the subset of {1, …, 8} that are configured for DCI format 1_1.
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Appendix of Proposals
The following provides a summary of the proposals concepts though text was not included for brevity.
VIVO
Proposal 1: 
· 3bits HARQ-Timing indicator field in DCI format 1_1 is removed if the 8 possible timing offset values configured by higher layer parameter DL-data-DL-acknowledgement are same. 
Proposal 2: 
· For dynamic scheduled PDSCH using DCI format 1_1 without 0bit HARQ-ACK timing indicator field, or DL SPS, UE upon detection of PDSCH in slot n, shall transmit the HARQ-ACK at the first available slot starting from slot n+k, 
· Where k is
· Configured by higher layer parameter DL-data-DL-acknowledgement, for dynamic scheduled PDSCH, or
· Indicated by the activation DCI for the DL SPS process
· Where the available slot is defined such that
· The slot at least contains unknown or UL symbols given by semi-static TDD configuration
· The determined PUCCH resource for HARQ-ACK transmission is within the indicated unknown or UL symbols given by semi-static TDD configuration (if configured), and these symbols are not indicated as DL symbols by dynamic SFI (if configured).  
MediaTek, Inc.
Proposal #1: For aggressive N2 operation, if FDMing DMRS and PUSCH is allowed, one additional OFDM symbol is added to N2.
Proposal #2: For aggressive N1, remove the condition of “Front-loaded + additional DMRS” from the table
Proposal #3: To adopt the below Table 2 for aggressive UE processing time in NR Release 15 for slot-based scheduling, including CA case, with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing

Table 2. 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
	4
	5

	Frequency-first RE-mapping
	N2
	Symbols
	5
	6


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.
Proposal #4: When reporting the support of aggressive UE capability, UE can report the support of N1 and support of N2 separately. In addition, one additional parameter can be carried to indicate the support of 0%, 50% or 100% of max PRB number for DL and UL, separately.
Proposal #5: When reporting the support of aggressive UE capability, one additional parameter can be carried to indicate the support of either 1, 2, or 4CC.
Proposal #6: Clarify that“PDCCH condition Case 1-1 & PUSCH type B” belongs to slot-based scheduling
Proposal #7: In case of CA operation, the extra UE processing time shall be introduced based on the max timing difference among CCs defined in RAN4 spec
· Note : The value may be SCS dependent, depending on RAN4’s discussion
Proposal #8: For cases of PUSCH and PUSCH overlapping in time domain
· “Dynamic grant” vs “configured grant”
· The dynamic grant overrides the configured grant
· Note : It was already agreed in RAN2
· “Dynamic grant” vs “dynamic grant”
· This is error case at least in Rel-15. UE’s behavior is not specified.
· “Configured grant” vs “configured grant”
· This is error case. UE’s behavior is not specified.
Proposal #9:
· When PDSCH indicated by RA-RNTI and PDSCH indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or C-RNTI(s) for SPS/grant-free.
· When two PDSCHs indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode the PDSCH with lower priority.
· When two PDSCHs have different starting OFDM symbols, the one with later starting symbol has lower priority
· When two PDSCHs have the same starting OFDM symbol, the one with smaller TBS has lower priority

CATT
Proposal 1：Semi-static codebook should be determined based on either a union of the sets of K1 values for DCI formats 1_0 and 1_1 or the applicable K1 values when scheduled by DCI format 1_0 are limited to the subset of {1, …, 8} that are configured for DCI format 1_1.
Proposal 2: The HARQ-ACK timing indicator field in DCI format 1_1 is not present if all entries in the set of configured HARQ-ACK timing values are the same.
Proposal 3: There should be no conflict of SPS PDSCH occasion and the corresponding HARQ-ACK with either the semi-static DL/UL configuration or the SFI indication.
Proposal 4: 1-bit SPS HARQ-ACK is added into the dynamic HARQ-ACK codebook in slot n when SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot n-K1sps, where K1sps is the HARQ-ACK timing indicated in the SPS activation PDCCH. 
Lenovo, Motorola Mobility
Proposal 1: Confirm the following working assumption: 
· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the PCell, the UE reports HARQ-ACK only for the one PDSCH
· FFS whether additional constraints are necessary for the above operation
Proposal 2: DCI indicates whether to use fallback HARQ-ACK transmission.
Proposal 3: Current two bits in DL assignment for PUCCH resource indication is reused for fallback PUCCH resource indication in case of fallback HARQ-ACK transmission. 
Proposal 4: Fallback HARQ-ACK codebook size is set to 1 or 2 depending on RRC configured single-codeword transmission or two-codeword transmission.
Samsung
Proposal 1: For both slot-based and non-slot-based scheduling, UE processing capability #2 uses the following values.
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


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

Proposal 2: NR Release-15 UE should support 16 maximum number of HARQ processes.
Proposal 3: In case of 0-bit HARQ-ACK timing for DCI format 1_1, UE shall transmit HARQ-ACK in slot n+k, where k is indicated by higher-layer parameter DL-data-DL-acknowledgement. 
Proposal 4: HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field in the activation DCI.
Proposal 5: When HARQ-ACK feedback in slot n+k is conflicted with semi-static DL/UL configuration or dynamic SFI, UE shall cancel HARQ-ACK transmission.
Spreadtrum
Proposal 1: NR DL SPS activating DCI allocates the time domain resource for DL SPS PDSCHs, DL SPS PDSCHs use the same time domain resource as the DL SPS activating DCI allocates.

Proposal 2: Limit the agreements “Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook” to dynamic HARQ-ACK codebook.

Proposal 3: For dynamic HARQ-ACK codebook determination, first sub-codebook should only contain cell with higher layer parameter CBG-DL = OFF.
CMCC
Proposal 1: When UL direction implied by DL SPS HARQ-ACK is conflict with the DL direction implied by semi-static DL/UL configuration or DL/unknown indicated by dynamic SFI, the UL direction implied by DL SPS HARQ-ACK is with lower priority.
Proposal 2: Configure multiple HARQ-ACK resources for a DL SPS transmission by RRC signalling, and UE use the first valid HARQ-ACK resource for DL SPS ACK/NACK transmission, where the valid HARQ-ACK resource means the HARQ-ACK resource is not earlier than n+k and not indicated as “DL” by semi-static DL/UL configuration or as DL/unknown by dynamic SFI.
Proposal 3: The PUCCH frequency resource assignment for DL SPS ACK/NACK can be configured in a periodic manner.
LG
Proposal 1: The UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 (or between PDCCH with u1 and PUSCH with u2) should be defined as max(T1, T2) based on the agreement in RAN1#91, where T1 or T2 is the absolute time of N1 in case with single SCS u1 or single SCS u2 for both PDSCH and PUCCH (or for both PDCCH and PUSCH).

Proposal 2: Default maximum number of DL HARQ processes before RRC configuration is predefined to 2 which is the minimum among the configurable values for DL HARQ process number.

Proposal 3: Default set of K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} is applied only for the PDSCH transmitted in Pcell scheduled by fallback DCI while the set of K1 timing values is configurable for the PDSCH transmitted in Scell scheduled by fallback DCI.

Proposal 4: Following two cases of cross-CC scheduling between the CCs with different numerology are to be supported with consideration of UE processing complexity.
1) Case 1: Cell 1 with smaller SCS (or longer slot) schedules Cell 2 with larger SCS (or shorter slot) where the maximum number of DL/UL scheduling DCIs for a same UE detected via single CORESET or search space is limited.
2) Case 2: Cell 1 with larger SCS (or shorter slot) schedules Cell 2 with smaller SCS (or longer slot) where the slot location allowable for the DCI transmission (relative to the corresponding DL data transmission) is restricted.
Intel
Proposal 1:
· Aggressive UE processing times (Capability 2) are specified for non-slot-based scheduling for SCS values of 15kHz and 30kHz.
· The same numbers for slot-based scheduling are adopted when the front-loaded DMRS is in the first symbol of the PDSCH/PUSCH.
Proposal 2:
· For both baseline (Capability 1) and aggressive (Capability 2) UE processing times, for PDSCH mapping type B with 2- or 4-symbol duration, the minimum UE processing time, N1, is increased by d symbols if the scheduling PDCCH ends d symbols after first PDSCH symbol.

Proposal 2A:
· Adopt the following values as the UE minimum processing times for Capability 2:
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	4
	4

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N2
	Symbols
	5
	5



Proposal 2B:
· Adopt the respective text proposals in Section 2 of this document to Subclauses 5.3 and 6.4 of TS38.214.
Proposal 3:
· The 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.
Proposal 4:
· 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.
Proposal 5:
· For HARQ-ACK feedback in response to DL SPS:
· In cases of conflicts with semi-static UL-DL configuration in slot n+k,
· For HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration in the symbol(s) originally intended for the HARQ-ACK transmission.
· For HARQ-ACK in response to subsequent PDSCHs,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration or with dynamic SFI in the symbol(s) originally intended for the HARQ-ACK transmission.
· In case of conflicts with dynamic SFI in slot n+k,
· For HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI,
· UE behavior is unspecified as the UE is not expected to find such conflicts.
· For HARQ-ACK in response to subsequent PDSCHs,
HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration or with dynamic SFI in the symbol(s) originally intended for the HARQ-ACK transmission.

NTT DOCOMO
Proposal 1:
· For Type-1 HARQ-ACK codebook determination, if the UE is capable of receiving up to one PDSCH per slot, the number of HARQ-ACK bit over the PDSCH candidates in a slot is one.
AT&T
Proposal:  Enhanced HARQ multiplexing and bundling techniques should be supported to reduce the impact of peak throughput when HARQ-ACK is repeated over multiple slots
Huawei, HiSilicon
In this contribution, we show our views on remaining HARQ issues. On HARQ processing time, the following proposals are made:
Proposal 2-1: Take the following change on the processing capability 2.
Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	[2.5-4]3
	[12]13

	1
	[2.5-6]5
	[12]13



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	[2.5-4]5

	1
	[2.5-6]6



Proposal 2-2: UE processing capability (N1, N2) for slot-based scheduling and non-slot based scheduling are reported separately. 
Proposal 2-3: For retransmission, gNB should assume the processing time to be the maximum values in absolute time among all conditions.
Proposal 2-4: For any two continuous unicast PDSCH transmissions from one cell to the same UE, where the order in time of expected HARQ feedbacks for both PDSCHs is different from the order in time of the two PDSCHs, the UE may not provide an valid HARQ-ACK for the earlier PDSCH if without leaving sufficient time for processing both PDSCH transmissions.
On HARQ codebook determination, the following proposals are made:
Proposal 3-1: A UE should determine a number of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1 based on a number of possible slot timing values provided to a UE by higher layer parameter for every configured BWP.
Proposal 3-2: A UE determines the PDCCH monitoring occasion(s), which is used to determine semi-static HARQ codebook, based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern for each search space in each configured CORESET within a slot. 
Proposal 3-3: For type-1 HARQ-ACK codebook determination, if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the monitoring occasions, an additional bit is attached to HARQ-ACK codebook for HARQ-ACK bit associated with the SPS PDSCH reception.
Proposal 3-4: Jointly use C-DAI, T-DAI and UL-DAI to determine the dynamic HARQ-ACK codebook for HARQ-ACK transmission on PUSCH. 
Qualcomm
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


1. 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)

Ericsson
· For processing capability #2 adopt a processing requirement according to the table below (or lower)
Table 2.2-1 Proposed Range of UE Processing Time (Capability #2) from RAN1 #90bis
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5



· Clarify when the different processing capabilities applies according to text proposals
· Clarify that the formula calculating the number of symbols between PDSCH and HARQ-ACK and UL grant and PUSCH does not take into account varying CP length between different symbols
· Discuss the processing requirement for SPS release
· Discuss whether there is need to set a limit on the number of the number of PDSCH/PUSCH that can be TDM within a slot, if a limit is introduced an appropriate one is around 8 PDSCH/PUSCHs
· Introduce a capability that indicates that the UE supports simultaneous reception of two PDSCHs on the same carrier scrambled with C-RNTI/SPS C-RNTI
· Note: The PDSCHs are FDM:ed in frequency
· If the UE is scheduled with multiple PUSCHs that are FDM the PUSCH that corresponds to the latest received PDCCH is the valid PUSCH. The UE should hence drop the other PUSCH transmissions.
· If the UE is scheduled with multiple PDSCHs that are FDM and the UE does not have processing capability to support that, the UE should process the PDSCH that correspond to the latest received PDCCH
· The default values for DL-data-DL-acknowledgement are as follows (To be indicated to RAN2):
	PDSCH-to-HARQ_feedback timing indicator 
	
Number of slots 

	'000'
	0

	'001'
	1

	'010'
	2

	'011'
	3

	'100'
	4

	'101'
	5

	'110'
	6

	'111'
	7


· The default value for the number of DL HARQ processes is 8
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