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Introduction
This document provides a summary of the discussion items for 6.3.3.2 for RAN1 AdHoc #3. First, the following aspects in terms have impact to scheduling and HARQ timing. 
· UE processing time
· Mini-slot and slot scheduling
· Slot aggregation and HARQ management

Sections below are provided for more detail on these topics. Note that additional topics on 6.3.3.2 have also been presented in the submitted documents, although clarity on the above topics w.r.t. scheduling could help to provide better insight into discussion on the following topics.
· HARQ ACK multiplexing and bundling
· Number of HARQ Processes
· HARQ Timing Indication

[bookmark: _Ref378529477]UE Processing Time
Background
From RAN1 NR AdHoc #2 meeting [1], the following agreement was made in terms of characterization of the UE processing time.
Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
· Note the timing advance is not included in N1 and N2
· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2
· FFS between the following for each combination defined in the next slide
· Opt 1: UE reports N1 and N2 as UE capability
· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing

From RAN1 #90, a further agreement on the processing time characterization assumptions was made below.

Agreements:
The candidate factors for (N1,N2) processing time characterization (Step 3) are given in following table
· Nominal assumptions are provided for this characterization in the table, for which the (N1,N2) values are evaluated
· Additional candidate factors indicated in [] can be optionally considered for (N1,N2).
· It is understood that if nominal assumptions change, the (N1,N2) characterization can be modified accordingly.
Table 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.

Survey of N1,N2
The following summarizes some of the contributions provided in RAN1 NR Adhoc #3.
Table 2. N1 UE Processing Time Range
	DMRS for CE
	Source
	 
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	A
	symbols
	8
	9.5
	13.5
	21

	
	
	us
	571
	339
	241
	188

	
	B
	symbols
	2.5
	2.5
	4.5
	6.5

	
	
	us
	179
	89
	80
	58

	
	C
	symbols
	~4
	~6
	>14
	>14

	
	
	us
	286
	214
	250
	125

	Front-loaded + additional DMRS
	A
	symbols
	15
	15.5
	16
	21

	
	
	us
	1071
	554
	286
	188

	
	B
	symbols
	11.5
	11.5
	11.5
	11.5

	
	
	us
	821
	411
	205
	103

	
	C
	symbols
	FFS
	FFS
	FFS
	FFS



Table 3. N2 UE Processing Time Range
	DMRS for CE
	Source
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Frequency First
	A
	symbols
	9
	11
	17
	31

	
	
	us
	643
	393
	304
	277

	
	B
	symbols
	2.5
	2.5
	4.5
	6.5

	
	
	us
	179
	89
	80
	58

	Time First1
	A
	symbols
	23
	26
	30
	43

	
	
	us
	1643
	929
	536
	384

	
	B
	symbols
	25.5
	25.5
	25.5
	25.5

	
	
	us
	1821
	911
	455
	228


1This is not supported for CP-OFDM, and under discussion for DFTsOFDM for NR.
Additional considerations versus #RE’s allocated versus total supported UE bandwidth were also provided for further discussion, but are not captured above. By operating with #RE’s less that the provisioned hardware, potentially the processing times above can be further reduced. The tradeoffs on how this is signalled or handled by the scheduler was not discussed in as much detail.
Given the range of values provided above, there is also some aspect of UE capability discussion. This includes how capability should be specified, and how this should be signalled. Generally, from the scheduling 
Proposals for Consideration
Proposal 1. Multiple UE capabilities with regards to UE turn-around times (N1, N2) are defined in NR Rel-15. Strive to minimize the number of corresponding UE capabilities. Specific UE capability signalling is FFS. 
Proposal 2. For slot-based scheduling, at least the following UE processing time (Table 4) is supported in NR, under the nominal assumptions from Table 1. Specific HARQ Timing for K values are FFS.

Table 4. UE Processing Time and HARQ Timing
	DMRS for CE
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[8]
	[9.5]
	[14]
	[14-21]

	Front-loaded + additional DMRS
	N1
	Symbols
	[13,15]
	[13,15]
	[16]
	[21]

	Frequency First
	N2
	Symbols
	[9]
	[11]
	[17]
	[31]


Note: The exact values of (N1,N2) to be further refined at subsequent meetings.
Proposal 3. For slot-based scheduling, an additional UE processing time at least for 15kHz and 30kHz SCS is supported as follows (Table 5).
Table 5. UE Processing Time and HARQ Timing
	DMRS for CE
	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
	[11.5]
	[11.5]

	Frequency First
	N2
	Symbols
	[2.5]
	[2.5]



Proposal 4: The following are suggested next steps for processing time.
· Further refine values in square brackets in Table 4 and Table 5 for the values of N1 and N2.
· This may include also Table 1 e.g., reflecting latest agreements or other conditions UE should support in addition to the nominal assumptions.
· Discuss specifics of UE capability reporting.
· Discuss the need for additional UE processing time and HARQ timing capabilities in NR Rel-15.
· Discuss and agree on UE turn-around times for mini-slot based scheduling.

Mini-Slot and Slot Scheduling
Background
The following agreements have been made to guide the design of mini-slot based scheduling.
Design principles for slots and mini-slots
Agreements:
· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:
· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback
· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot. FFS: exact timelines
· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)
Agreements:
· Remove the support for 7-symbol slots from NR
· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:
· Slot-based scheduling for downlink
· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot
· Non-slot-based scheduling for downlink
· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data
· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified
· Note: the LS includes the motivations of selected values
· Note: Final decision is up to RAN4
Agreements:
The PDSCH durations of 2, 4, and 7 OFDM symbols (including DMRS) are motivated by
· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)
· This use case includes unicast and broadcast PDSCH
· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 
· Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TxRP uses beam-sweeping (e.g., above 6GHz)
· This use case includes unicast and broadcast PDSCH (e.g., for RMSI)
· Support of very low latency 
· Support of NR transmissions scheduled in LTE non-MBSFN subframes 
· PDSCH can be scheduled on OFDM symbols not carrying CRS
· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul
Scheduling DCI Design
Agreements:
· NR supports some combinations of following:
· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH
· Following is informed to the UE:
· One-slot case:
· Starting symbol and ending symbol in the slot.
· Which slot it applies to
· Multi-slot case:
· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to
· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to
· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
Agreements:
· NR supports some combinations of following:
· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH
· Following is informed to the UE:
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol
· FFS: starting symbol is:
· Opt.1: Starting symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:
· Opt.1: Ending symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the starting symbol
Agreements:
· NR supports some combinations of following:
· Scheduling DCI with and without time domain field is supported
· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment

Proposals for Consideration
The following proposals are being circulated by AT&T in a separate document. They are summarized here for completeness, but comments will be collected separately on that other thread.

Proposal 1:
· All Rel. 15 UEs support mini-slot based scheduling with the following limitations:
· At least mini-slot lengths of {2,4,7} OFDM symbols
· At least 14-symbol CORESET monitoring periodicities are supported
· Except for RMSI, OSI, paging, 
· For 14-symbol CORESET monitoring periodicity 
· Some UEs support at most one mini-slot based allocation per slot 
· If these UEs are scheduled for a slot based transmission they cannot be scheduled for a mini-slot based transmission in the same slot in the same transmission direction
· If these UEs are not scheduled for a slot based transmission, they can be scheduled for up to one mini-slot based transmission in the same transmission direction
· At least for these UEs, both mini-slot based and slot based transmissions should use the same HARQ mechanism
· Note: there is no restriction on the number of mini-slots scheduled per slot from the network perspective
Slot Aggregation and HARQ Management
Background
The following have been agreed regarding slot aggregation, and certain aspects are related to scheduling and HARQ management. Note that some material here is also included in 6.3.3.1 summary, and being circulated in a separate document of proposals from MediaTek. The material here captures some of this discussion.
Agreements from RAN1 #86bis:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots
Agreements from RAN1 #90:
· Single maximum TB size is defined for the reference case, and is not exceeded.
· Reference case is a slot with 14 symbols.
Design aspects
· Several options for TB to slot mapping can be envisaged for slot aggregation
· Option 1: repetition of the same TB potentially with different RV on each slot
· Option 2: mapping the same TB over the aggregated slots
[image: ]
Proposal for Consideration
As mentioned earlier, the following is taken from a way forward being discussed offline. It is included here for completeness, but comments will be collected separately on another thread.
Proposal 1:
· Slot aggregation is supported by repetition of the same TB on each slot using a single or multiple RVs (Option 1)
· FFS: other options for TB to slot mapping
HARQ ACK Multiplexing and Bundling
Background on ACK Multiplexing
Support of HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers has been agreed. For the case of CBG-based re-transmission, HARQ-ACK multiplexing should also be supported. The motivation CBG-based re-transmission is improving spectrum efficiency for large TB or URLLC preemption case. Under the progress from previous meetings, some open issues have been identified.
· HARQ-ACK multiplexing
· Over multiple slots or over multiple mini-slots or over slot(s) + mini-slot(s)
· Dynamic and semi-static HARQ-ACK codebook
· Dynamic and semi-static HARQ-ACK feedback timing
· Over multiple carriers with the same or different SCSs
· Dynamic and semi-static HARQ-ACK codebook
· Dynamic and semi-static HARQ-ACK feedback timing
· Over multiple CWs
· Dynamic and semi-static HARQ-ACK codebook
· Dynamic and semi-static HARQ-ACK feedback timing
· Over multiple CBGs in a TB
· Dynamic and semi-static HARQ-ACK codebook
· Dynamic and semi-static HARQ-ACK feedback timing
· Some or all of the combinations above
It should be mentioned that some discussion was provided for CBG, which would overlap with 6.3.3.3.
Background on ACK Bundling
HARQ-ACK bundling with binary “AND” operation of multiple HARQ-ACK bits can reduce the number of feedback bit for UEs. It is an efficient way to improve the coverage and capacity of UL control, especially for cell-edge UEs. On the other hand, one disadvantage of HARQ-ACK bundling is the spectrum efficiency loss since the result of “AND” operation is NACK and all the data packets need to be retransmitted even if only 1 HARQ-ACK bit is NACK. Therefore, when HARQ-ACK bundling is discussed, correlation of the data packet or channel quality should be considered, i.e., bundling across data which suffers channel of high correlation is a better choice.
Below is a survey of positions that were discussed. In some cases, the semi-static enabling was supported otherwise it was not specified.
· Bundling across CBG: HW, Nokia
· Note this might be similar to disabling CBGs depending on bundle size
· Bundling across slots with different TBs / DL transmissions: HW, Nokia, Samsung, Sequans
· Note this might include also disabling of CBGs when focused on link budget purpose
· Bundling across spatial transmissions: HW, Samsung, Intel, Lenovo, Sequans
· Bundling across CCs: Sequans
· No support recommended by Nokia, HW, Samsung, Intel, Lenovo

From the above, the following may seem to be a common position among companies.
Proposal 1: Bundling of ACKs across different CCs is not supported.
Proposal 2: Bundling of ACKs to improve coverage is supported in the following cases.
· Across different DL transmissions / TBs
· Across different spatial transmissions within a slot
· Note: is it assumed in these cases CBG is disabled

Number of HARQ Processes
Background
Currently the down selection between 8 and 16 maximum number of HARQ processes is still an open issue. The main concerns are to cover required DL HARQ RTTs with some particular numerologies. There appears to be no consensus although the surveying of current positions is as follows.
· 16: Huawei, Nokia, Samsung, Fujitsu, Docomo
· 8: Qualcomm, AT&T, CATT, Ericsson

In addition to the maximum, there are some comments by 8 or smaller should be targeted regardless of this maximum, with benefits ranging from reducing DCI field size to allowing some reference which UE could use for soft buffer management. This suggests there may be some benefit to allow maximum number to be configurable. Note there has been some discussion on this aspect in CA context.
HARQ Timing Indication
Background
The dynamic signalling of HARQ timing and scheduling is supported, and further details are still needed for specification. Among these are e.g., the bit width for the K1, K2 values and how the values are indicated.
Nominally, a combination of semi-static configuration with DCI field has been a common proposal. There have been requests for semi-static HARQ timing configuration, although in some cases this may be already supported in the common proposal. 
Additionally, there are open issues on what default timing is assumed. It many proposals, it seems there is a common request to have these defaults configurable through the system information.
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