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1. Introduction
This contribution discusses some descriptions captured in the specification related to HARQ-ACK timing that is still controversial.
2. Discussion 

The following agreements were reached in AD-HOC2 meeting [1].

	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



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



The following agreements were reached in RAN1-90 meeting [2].

	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]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.
[bookmark: _Ref489979879]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
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]44 blind decodes, single symbol CORESET
PDSCH
· PDSCH does not precede PDCCH
· [bookmark: OLE_LINK4][bookmark: OLE_LINK9]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]



[bookmark: OLE_LINK1]	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.








For non-slot scheduling, in RAN1-91 meeting has agreed on the following working assumption [3]

	Working assumption:
· The starting point for baseline UE processing time capability in NR Release 15 for non-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 7-1 below. 
· FFS whether processing times can be supported also for cross-carrier scheduling
· FFS whether additional dependence on time-domain allocation length should be given
· FFS (for N1) regarding front-loaded DMRS location
· FFS (for N1) processing times in relation to CORESET configuration where UE finds scheduling DCI
· FFS if there is a second lower latency UE capability for non-slot based scheduling

Table 7-1. UE Processing Time and HARQ Timing for Non-Slot
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

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

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

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


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



(for N1) processing times in relation to CORESET configuration where UE finds scheduling DCI is still FFS.

UE PDSCH processing procedure time in Release 15 TS38.214 Section 5.3 describes as follows [4]:

	
[bookmark: _Hlk500865557] If the first symbol to carry the HARQ-ACK information starts no earlier than at symbol K1 the UE shall provide a valid HARQ-ACK message, where K1 is defined as the next uplink symbol with its CP starting after  after the last symbol of the PDSCH carrying the TB being acknowledged. N1 is defined in tables 5.3-1 and 5.3-2 depending on UE capability, where 
-	N1 and K1 are based on µDL of table 5.3-1 that corresponds to the min (µPDSCH, µPUCCH) when the HARQ-ACK is to be transmitted on PUCCH, and to the min (µPDSCH, µPUSCH) when the HARQ-ACK is to be transmitted on PUSCH

-	If µUL < µDL then 

-	If µUL ≥ µDL then 
-	If HARQ-ACK is transmitted on PUCCH, then d1=0,
-	If the HARQ-ACK is transmitted on PUSCH, then d1=1.
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. 
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

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

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



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]
	[12]

	1
	[2.5 - 6]
	[12]






N1 is given under the nominal assumption, however, the above description does not include the nominal assumption. If the condition is worse than the nominal assumption, UE may not provide a valid HARQ-ACK message at symbol K1. In the nominal assumption, the CORESET where a PDCCH is transmitted has 1 symbols in the time domain. If the CORESET has more than one symbol in the time domain, the blind detection time will be delayed, so is the HARQ-ACK time. Figure 1 gives an extreme example of the UE processing time. 


Figure 1. UE processing time 
In Figure 1, the CORESET where a PDCCH is transmitted has 1 symbols in the time domain. If the CORESET has two symbols, the whole processing time will be delayed by one symbol and N1 will increase by one symbol.
[bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 1: If the CORESET where a PDCCH is transmitted has M (M>1) symbols in the time domain, d1= d1 + M – 1.
3. Conclusion
In this contribution, we present our view on the UE processing time and HARQ-ACK timing, based on the above discussion, we have the following proposal. 
Proposal 1: If the CORESET where a PDCCH is transmitted has M (M>1) symbols in the time domain, d1= d1 + M – 1.
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