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Introduction
For this meeting, contributions [1-23] contain discussion on the following topics:
1. UE PDSCH processing procedure time (N1) and PUSCH preparation procedure time (N2) for Rel. 16 eURLLC  
2. CSI computation timing
3. Out-of-order HARQ and DL/UL scheduling
4. Uplink channel multiplexing timeline
5. Uplink cancellation timeline
6. SR enhancement for uplink latency reduction
7. Timing between SRS and CSI-RS for non-codebook based UL

In this summary, we highlight some discussion points, and provide some comments and recommendations for actions to follow during the 3GPP RAN1-96 meeting.
N1/N2 for Rel. 16 eURLLC
In NR Rel. 15 [24], two sets of PDSCH processing time capabilities are defined as follows:	
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the high layer parameter is not 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]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1



Similarly, the NR Rel. 15 specification allows for two sets of PUSCH preparation time capabilities as follows:
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



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

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



To study whether a new timing capability for N1/N2 needs to be considered for NR eURLLC, the following agreement was reached after RAN1 AH1901 [25]:
Agreement:
To further study the need for introducing a new PDSCH and PUSCH processing timelines, the following cases are used for calibration of the results amongst the companies:
· For evaluating the impact of processing times on downlink latency:
· The latency of the initial transmission must include the gNB processing time after receiving a packet from the higher layers and the alignment delay. 
· The alignment delay includes the gap between the two consecutive PDCCH monitoring occasions for FDD, the PDCCH transmission latency due to the UL/DL configuration for TDD, and the scheduling constraint due to the slot boundaries.
· [bookmark: _Hlk536726092]The alignment delay should also be considered for scheduling the later PDSCHs.  
· [bookmark: _Hlk791167]gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-trasnmission of the PDSCH:
· Case1: UE’s N2/2 + X for scheduling the initial PDSCH and UE’s N2 + X for re-transmission.
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· PDCCH duration = 1 symbol
· 1-symbol overlap between PDCCH and PDSCH
· Number of PDCCH monitoring occasions per slot = 4/7
· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];
· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· PDSCH duration:
· 2 symbols 
· 4 symbols 
· 7 symbols 
· PDSCH with front-loaded DMRS is assumed.
· PDSCH of mapping type B is assumed.
· PUCCH duration = 1 symbol
· Number of PUCCH carrying HARQ-ACK for URLLC per slot is 7 and using the following pattern: [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· UE decoding time for the last PDSCH: is N1 + d_1,1

· For evaluating the impact of processing times on uplink latency:
· The latency of the initial transmission must include the alignment delay. 
· [bookmark: _Hlk913925]For the case of SR-based PUSCH, the alignment delay includes the gap between the two consecutive SR occasions for FDD, the SR transmission latency due to the UL/DL configuration for TDD, and the scheduling constraint due to the slot boundaries. 
· [bookmark: _Hlk914006]For the case of grant-free PUSCH, the alignment delay includes the transmission constraint due to the grant-free UL occasions for the initial transmission, and the scheduling constraint due to the slot boundaries for the grant-based re-transmission.  
· For both SR-based PUSCH and grant-free PUSCH, the alignment delay should also be considered for PUSCH re-transmission triggered by a dynamic grant. 
· The first symbol of PUSCH consists of only DMRS.
· PUSCH with type-B mapping and no additional DMRS is assumed.
· For the case of grant-free PUSCH, the latency of the initial transmission must also include the UE’s processing time given as UE’s N2/2
· gNB’s PUSCH-to-PDCCH processing time (note that PDCCH alignment has to be included separately) is UE’s N1 + X
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· gNB’s decoding time for the last PUSCH is UE’s N1/2 + X
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· PUSCH duration: 
· Case 1: 2
· Case 2: 4 
· Case 3: 7
· [bookmark: _Hlk774190]For dynamic PUSCH, it is assumed that the TB cannot be repeated across the slot boundary. 
· PDCCH duration: 1 symbol
· Number of PDCCH monitoring occasions per slot = 4/7
· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];
· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· For GF-PUSCH: 
· The re-transmission is triggered by a dynamic grant.
· The number of PUSCH transmission occasions per slot:
· 7 for the case of 2-symb PUSCH (i.e., the UL pattern is [2,2,2,2,2,2,2].)
· 3 for the case of 4-symbol PUSCH (i.e., the UL pattern is [4,4,4,0].)
· 2 for the case of 7-symb PUSCH (i.e., the UL pattern is [7,7].)
· For SR-based PUSCH:
· gNB’s processing time for SR is UE’s N1
· Duration of the PUCCH for SR: 1 symbol
· Number of SR occasions per slot: 7 with [1,0,1,0,1,0,1,0,1,0,1,0,1,0] configuration.

· For SCS = 30/60KHz, FDD is assumed.
· The companies can additionally consider TDD; the assumed TDD UL/DL configuration should be reported.
· For SCS = 120KHz, the companies report the considered TDD UL/DL configuration (e.g., [D,D,D,D,D,D,F,F,U,U,U,U,U,U] can be assumed, where ‘F’ indicates the semi-static flexible symbol.)
· In this study, a timing advance is assumed to be 0.
· The gNB processing times assumed in here are only for the purpose of this study, and are not necessarily indicative of actual gNB processing capabilities.
· For each scenario, the following parameters are reported:
1. The worst-case latency for completing a single-shot transmission under NR Rel. 15 N1/N2 capabilities.
· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.
2. The worst-case latency for completing two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) under NR Rel. 15 N1/N2 capabilities.
· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.
3. In case a single-shot transmission cannot be completed under (1), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete a single-shot transmission within 1ms.
· Also, the latency reduction gains as compared to (1) above.
4. In case two transmissions cannot be completed under (2), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) within 1ms.
· Also, the latency reduction gains as compared to (2) above.
5. Support/No support for introducing new processing timing capabilities for Rel. 16 eURLLC.

· For the DL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· For the UL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· [bookmark: _Hlk806823]Besides the above mentioned values, the companies can consider other values for gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-trasnmission of the PDSCH, gNB’s PUSCH-to-PDCCH processing time, and gNB’s decoding time for the last PUSCH. In case other values are considered, the assumption of N2 = N1 when calculating the gNB processing time for the Rel. 16 analysis is not required.  
· For the UL study, a solution with N2 of Rel. 15 > N2 of Rel. 16 = N1 of Rel. 16 > N1 of Rel. 15 is not valid.
· The LLS and SLS evaluation results can be reported under the methodology agreed in RAN1 #95 for the scenarios identified above.




Proposal: Capture the list of the scenarios and the downlink, SR-based uplink and GF uplink latency results captured in R1-190xxxx in the TR.
The remainder of this section presents the companies’ views on whether introducing a new timing capability for Rel. 16 NR eURLLC is justified. Overall, 16 companies([1], [3], [4], [5], [6], [8], [9], [10], [11], [12], [13], [15], [16], [17], [19], [22]) shared their views on this topic. Then, based on the collected analytical latency comparisons [26], observations and conclusions are listed. 

Companies’ Proposals on Reducing N1/N2
Ericsson [3]:
· If N1 is improved for 30KHz, then two DL transmissions with 2/4-symbol durations can be completed within 1ms. This enhances the spectral efficiency.
· If N2 is improved for 30KHz, then two UL transmissions for both dynamic PUSCH and GF-PUSCH can be completed within 1ms. This enhances the spectral efficiency.
· In this paper, it is proposed to introduce a new UE capability with improved N1 = 2/3 for SCS = 30KHz, and N1 = 4.5 for SCS = 60KHz.
· In this paper, it is proposed to introduce a new UE capability with improved N2 = 2/3 for SCS = 30KHz, and N2 = 5 for SCS = 60KHz.

vivo [4]:
· Based on the analysis performed in the paper, it is suggested that Rel. 16 eURLLC should support the maximum of 14 PUCCH occasions for DL HARQ-ACK reporting per slot. Further, it is suggested that for GF-PUSCH, the transmission occasions with 1-symbol periodicity should be allowed.
· Feature lead comment: It is not clear whether reducing N1/N2 is supported or not based on the observations.

ZTE [5]:
· For DL, the latency of 2-shot transmission for all considered cases under Rel. 15 timeline is larger than 1ms.
· The latency of two-shot transmission for some cases for Rel-16 can meet the requirement by using a new processing time. 
· The same observations are made for SR-based dynamic PUSCH.
· The same observations are made for grant-free PUSCH.
· Further, it is suggested that to increase resource efficiency, multiple HARQ-based re-transmissions should be accommodated within the latency budget. 
[image: ]

· Two-shot transmission with 0.1 target BLER for first transmission has the best resource efficiency in most cases.

MediaTek [6]:
· It is mentioned that for some use cases, e.g., factory automation, where 2Tx cannot be accommodated within 1ms latency bound, potential enhancements can be considered.
· It is mentioned that for other use cases, e.g., Rel. 15 enabled use case, no enhancements is needed.
· Feature lead comment: The latency budget of factory automation and Rel. 15 use case is similar (1ms.)
· To enable the new enhancements, a TBS could be fixed or selected from a set of values signalled via RRC. Also, there should be a limit on the maximum TBS or data rate for supporting the new timing values.
· Other limitations for reducing N1: remove the support for CBG-based re-transmission, do not allow for UCI multiplexing when DL HARQ has to be sent on a PUCCH resource, reduce the UCI payload to either use the sequence-based reporting or rely on RM encoding instead of polar encoding, advance knowledge of PUCCH resource and TPC.
· Other limitations for reducing N2: remove the support for UCI piggy-backing on PUSCH.
· PDCCH limitations: Restricting the number of CCEs/BDs per monitoring occasion

Nokia, NSB [8]:
· Reduction of PUSCH preparation time at the UE would allow the gNB to use grant-based PUSCH for more applications, which is expected to provided higher reliability and especially much improved efficiency than grant-free PUSCH.
· It is also noted that the baseline URLLC capability for UE processing time has been defined in Rel-15, which can already be used to support a lot of URLLC applications. It is reasonable to have another UE capability defined with more aggressive processing time, which can be used to support more URLLC applications with even more stringent requirements, and support URLLC operation more efficiently.
· Support an additional, more stringent UE processing capability 3 for PDSCH & PUSCH in Rel-16 according to the following table:
Proposed UE processing capability 3.
	Processing time (symbols)
	Configuration
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	N1=N2
	Front-loaded DMRS/ Freq-first RE-mapping
	3 symbols – max(TA)
	7 symbols – max(TA)
	16 symbols – max(TA)



CATT [9]:
· For FDD 30 kHz SCS, 1 ms latency budget cannot be met for two HARQ transmissions for both DL and UL under Rel-15 N1/N2 values.
· For FDD 60 kHz SCS, 1 ms latency budget cannot be met for two HARQ transmissions except for configured grant PUSCH of 2 symbols with gNB processing time assumption Case 2.
· For FDD 30 kHz SCS, in order to meet 1 ms latency budget for two HARQ transmissions, N1 and N2 need to be reduced to ~2.5 symbols.
· For FDD 60 kHz SCS, in order to meet 1 ms latency budget for two HARQ transmissions for DL with gNB processing time assumption Case 2, N1 and N2 need to be reduced to ~8.5 symbols.

LGE [10]:
· The reduced N1/N2 timing capability can provide more PDSCH/PUSCH transmission opportunities within a given latency bound.
· This paper then evaluates whether DL reliability can be met in different scenarios with a single-shot transmission and with additional HARQ-based re-transmission. The results are given in the following table:

	Configurations of considered test cases
	DL reliability pt
	Satisfy 1e-5 reliability?

	AL8, MCS4, 2OS PDSCH
	One-shot transmission 
	0.999998720000
	Y

	
	One retransmission 
	0.999999998382
	Y

	AL4, MCS4, 2OS PDSCH
	One-shot transmission 
	0.999268800876
	N

	
	One retransmission 
	0.999992169871
	Y

	AL8, MCS6, 2OS PDSCH
	One-shot transmission 
	0.999945920004
	N

	
	One retransmission   
	0.999999959557
	Y

	AL4, MCS6, 2OS PDSCH
	One-shot transmission 
	0.999216039420
	N

	
	One retransmission   
	0.999992054464
	Y

	AL8, MCS8, 2OS PDSCH
	One-shot transmission  
	0.990199920784
	N

	
	One retransmission   
	0.999897358963
	N

	AL4, MCS8, 2OS PDSCH
	One-shot transmission  
	0.989477154000
	N

	
	One retransmission 
	0.999875457467
	N

	AL8, MCS0, 4OS PDSCH
	One-shot transmission  
	0.999999919990
	Y

	
	One retransmission 
	0.999999999200
	Y

	AL4, MCS0, 4OS PDSCH
	One-shot transmission  
	0.999269999990
	N

	
	One retransmission 
	0.999992172429
	Y

	AL8, MCS2, 4OS PDSCH
	One-shot transmission  
	0.999999919900
	Y

	
	One retransmission 
	0.999999999200
	Y

	AL4, MCS2, 4OS PDSCH
	One-shot transmission  
	0.999269999900
	N

	
	One retransmission 
	0.999992172429
	Y



· Most of cases with capability 2 only allow 1 retransmission within a 1ms latency bound.
· With assumption of 2OS PDSCH, some of cases cannot meet the reliability requirement of 10-5 with 1 retransmission within the 1ms latency bound. On the other hand, with assumption of 4OS PDSCH, due to possible use of more resources in time domain, relatively lower MCS can be selected for the same target packet size, and its link performance is sufficiently robust (e.g., under 10-6 at even lower than the 5% Q-value). It is observed that most of 4OS PDSCH cases can meet the reliability requirement.
· The considered test cases mostly require large number of RBs to transmit the target packet size (32 bytes); so if the available number of RBs is limited from network perspective, still it seems uncertain whether to meet the stringent reliability requirement under current NR processing timeline and performance of physical layer channels, which implies that allowing more retransmission would be essential to meet the reliability requirement. In this sense, exploiting more retransmission opportunity by reducing N1/N2 timing capability can be considered for our future work.

SONY [11]:
· Consider reducing the PDSCH processing time N1 to 2 and 4 symbols for 30 kHz and 60 kHz respectively.
· Consider reducing the PUSCH preparation time N2 to 2 and 4 symbols for 30 kHz and 60 kHz respectively.

OPPO [13]:
· In this paper, for single-shot transmission, the worst-case latency is considered. However, for 2Tx latency analysis, the average latency is considered.
· Feature lead comment: Based on the agreement, the worst-case latency should be considered for all cases.
· For analysis, SCS = 30KHz, 7 MOs per slot, and 2-symbol allocation is considered. Then, it is observed that:
· For DL transmission, processing capability needs to improve from 4.5-symbol to 0.5/2.5-symbol.
· For Configured grant transmission, processing capability needs to improve from 5.5-symbol to 4/5.5 symbol.
· For UL grant based transmission, required processing capability is 0, which is not feasible.

  Intel [14]:
· A significant contributor to the worst-case latencies is the cumulative effect of the alignment delay(s) before transmission of different control/data channels due to either the constraint from slot-boundary (as well as symbols’ DL/UL assignment in TDD), or from availability of corresponding occasions of the control channel.
· Another important contributor is the assumption on gNB processing time. This aspect has been discussed in past RAN1 meetings and it should now be well-understood that the simplifications assumed for the agreed analysis framework – in terms of coupling the UE and gNB processing times effectively lead to an over-estimation of the contribution of the impact of the UE minimum processing times towards the overall latency performance for both DL and UL.
· For PDSCH mapping type A with durations 3 to 6 symbols, additional symbols are added to the nominal N1 value such that the PDSCH end is aligned with symbol #6 of a slot. For short PDSCH allocations (3~4 symbols) with mapping type A starting from symbols #0 or #1, this implies a significant additional delay incurred. From a UE processing time perspective, as long as there is sufficient consideration on the DMRS position, additional margin may not be essential. 
· Another case that leaves room for improvement and is quite relevant to URLLC operation is that of 60 kHz SCS, wherein the values for Capability #2 leave some room for improvement. Such enhancements could apply to both the N1 and N2 values. 
· For PUSCH preparation times (N2), the current Capability #2 numbers also leave some room for possible improvement for lower SCS values. A reduction by approximately a symbol duration can benefit in a non-negligible manner the worst-case latency performance as well as in cases with small TA usage.
· In this paper, it is proposed that that potential scheduling restrictions may be considered to enable very fast turn-around times, including limited number of CCs, number of layers, and number of scheduled PRBs, etc.
· Based on the analysis conducted in this paper, it is proposed that:
· Towards facilitating more spectrally efficient operation, potential reduction in UE minimum processing times compared to their Capability #2 and Capability #1 counterparts should be considered for 30 kHz and 60 kHz SCS for FR1 and FR2 respectively.
· Very drastic reduction in the N1/N2 values are not pursued, especially if such reduction may require significant amount of scheduling constraints, the latter, in turn, diminishing the usefulness of the feature in real-world scheduling.
· For 30 kHz in FR1:
· N1 values less than 3 symbols are not considered in Rel-16
· N2 values less than 3 symbols are not considered in Rel-16
· For 60 kHz in FR1:
· N1 values less than 6 symbols are not considered in Rel-16
· N2 values less than 6 symbols are not considered in Rel-16

  Panasonic [15]:
· The aggressive timeline for Rel.15 is sufficient to achieve the 1ms latency target for URLLC, at least for higher subcarrier spacing. However in Rel. 16 eURLLC, latency constraint is even stricter in the range of 0.5ms. Furthermore, even the reliability requirement is stricter in the range of 10E-6, which means that single shot transmissions might not be efficient and/or sufficient to achieve the desired reliability as far as different precoder in a slot and/or different beam/TRP-hopping in a slot are not introduced.
· With the current timeline values, it would be quite difficult to support sufficient number of retransmissions within the latency constraint.
· For NR URLLC in Rel. 16, new processing timeline values for PDSCH decoding (N1) and PUSCH preparation (N2) should be introduced at least for 30 kHz SCS to satisfy the stringent latency requirements with retransmissions.

  SHARP [16]:
· For the single-shot transmission case, DL transmission with NR Rel-15 N1/N2 can be transmitted within 1ms. On the other hand, for UL, 4/7-OS SR-based PUSCH transmission with 30 kHz requires latency reduction to perform within 1ms. If 7-OS PUSCH is required for the scenario, it requires N2 = 2 (OS) for 30 kHz SCS and the latency will be 0.973ms.
· For 2Tx, in DL, at least 30 kHz and 120 kHz requires latency reduction to achieve less than 1ms.
· For two transmissions, following should be considered to satisfy Rel-16 latency requirement by 2-OS SR-based PUSCH transmission
· N1 = N2 = 2 (OS) for 30 kHz SCS
· N1 = N2 = 7 (OS) for 60 kHz SCS
· N1 = N2 = 17 (OS) for 120 kHz SCS
· Other enhancement such as mini-slot level repetition or multi-segment transmission may improve instead of N1/N2 reduction.

  Qualcomm [22]:
· Reducing the N1/N2 allows for more re-transmission opportunites within the latency budget. Even if that is not possible, by reducing the UE’s processing time, queuing latency reduces, thereby leading to an improved system capacity.
· For introducing the new timing capability, some scheduling restrictions such as the number of RBs, number of layers, number of CCEs/BDs, number of CORESETs, etc. should be accounted for.


  Fraunhofer HHI [23]:
· This paper proposes the following N1 values for prcessing capability #3:
	
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Processing time in OS (front-loaded DMRS)
		3
	4.5
	9

	Stringent UE processing time in OS (Early HARQ) [2]
	2.5
	2.5
	5


· Further, it is proposed to enable faster turn around time by determining the HARQ-ACK feedback based on evaluating a fraction of the LLRs, i.e. using LDPC subcodes to improve the HARQ-ACK prediction.

Reasons for NOT Introducing a New Timing Capability
Huawei, HiSilicon [1]:
· The agreed parameters are only for calibration. Important, but, unknown factors contributing to the overall latency are the gNB processing delay and the UE processing time in case of grant-free operation. 
· The agreed values should be seen as a compromise.
· The worst-case latency is dependent on the number of PDCCH MOs, and the actual configuration.
· Reducing N1/N2 can have major impact on the chipset architecture and cost. Such a decision should be well justified by giving a clear indication that reducing N1/N2 could result in more transmissions within 1ms. 
· For both SCS = 30KHz and 60KHz and for supporting 2Tx within 1ms, both the UE and gNB’s processing time should be reduced significantly. 
· Do not introduce the cap#3 N1 for SCS = 30//60KHz.
· The same conclusions are drawn for SR-based PUSCH.
· For grant-free uplink, it is mentioned that the re-transmissions should also be grant-free. The mentioned reason is that if the reTx is grant-based, only the re-transmission benefits from reducing N2.
· Even for DL, it is suggested to not rely on HARQ re-transmission; instead, the same TB transmission should be repeated multiple times. 

MediaTek [6]:
· It is argued that Rel. 15 N1 under capability #2 is sufficient for the following cases:
· Single-shot in 30kHz and 60kHz
· Two (re)-transmissions in 60kHz with PDSCH 2 and 4 symbols
· Two (re)-transmissions in 120kHz FDD
· It is also mentioned that for some use cases such as power distribution and transport industry, the Rel. 15 timing capability 2 is sufficient to accommodate 2Tx within the latency budget in all scenarios.

Samsung [12]:
· For all subcarrier spacings, single shot transmission can be done within 1ms for grant-based PUSCH/PDSCH and grant-free PUSCH except for grant-based PUSCH transmission with 30kHz & 7 symbol.
· If gNB processing time is assumed to have larger value than UE processing time, it needs further aggressive maximum required UE processing time N1/N2 to complete two transmissions within 1ms. On the other hands, if gNB processing time is assumed to have smaller value than UE processing time, it may not need to enhance further UE processing time N1/N2 because it is likely to complete two transmissions within 1ms.
· It is mentioned in this paper that at least one-shot transmission is sufficient to satisfy 1ms latency budget in case of 30/60/120kHz.
· No need to introduce new scheduling/HARQ processing time (like N1’ and N2’) because at least one condition satisfies 1ms latency bound for all subcarrier spacings.
· Then, this paper presents how many resources are used for different number of transmission opportunities (i.e., single-shot vs. 2Tx.) 
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The average number of scheduled REs vs. SNR (left: model A, right: model B).

Two overhead models for PDCCH ALs.
	PDCCH overhead Model A
	PDCCH overhead Model B

	ALs
	SNR range (dB)
	ALs
	SNR range (dB)

	1
	9 ~
	1
	5 ~

	2
	5 ~ 8
	2
	-1 ~ 4

	4
	0 ~ 4
	4
	~ -2

	8
	~ -1
	
	



  Spreadtrum Communications [17]:
· Short PDSCH duration and more PDCCH monitoring occasions can reduce the overall DL latency.
· DL delay of initial transmission under all the cases using 30 kHz and 60 kHz SCS can meet the timeline requirement.
· Short PUSCH duration and more PDCCH monitoring occasions can reduce the overall UL latency.
· UL delay of initial transmission under all the cases using 30 kHz and 60 kHz SCS can meet the timeline requirement.
· Small duration of CG-PUSCH or more CG-PUSCH transmission occasions can be used to reduce the UL delay.


  NTT DOCOMO [19]:
· In this paper, the following TDD configurations are assumed:
· The TDD UL/DL configuration of {SU}, S={D10, G2, U2} with SCS 30kHz is assumed and Rel.15 NR capability#2 is used; for FR2, the TDD UL/DL configuration of {DSUU}, S={D10,G2,U2} with SCS 120kHz is assumed and Rel.15 NR capability#1 is used.
· Based on the analysis, it is concluded that:
· It can be found that even if UE processing time is reduced, it is not possible to complete two PDSCH transmissions within 1ms considering the limited contribution of UE processing time to the total downlink processing time. 
· In addition, considering that the URLLC packet for factory automation is basically small enough and periodic/deterministic traffic is controllable/managable by the NW, it would be possible to design the system such that HARQ re-transmission is not taken into account for achieving the factory automation requirements.
· For both 30kHz and 120kHz SCS, the one-shot SR-based UL transmission latency cannot be satisfied under Rel.15 UE capability. However, with GF-PUSCH, the one-shot transmission can be completed. 
· Design URLLC UL with grant-free PUSCH such that the requirements can be met without PUSCH retransmission.

Observations Based on the Analytical Results Captured in [26]
Based on the agreement made in [25], the following scenarios are defined (Note that additional scenarios are also considered by the companies):
DL Scenarios
	
	SCS
	# PDCCH MOs
	PDSCH Duration 

	Scenario 1
	30
	4
	2

	Scenario 2
	30
	7
	2

	Scenario 3
	30
	4
	4

	Scenario 4
	30
	7
	4

	Scenario 5
	30
	4
	7

	Scenario 6
	30
	7
	7

	Scenario 7
	60
	4
	2

	Scenario 8
	60
	7
	2

	Scenario 9
	60
	4
	4

	Scenario 10
	60
	7
	4

	Scenario 11
	60
	4
	7

	Scenario 12
	60
	7
	7

	Scenario 13
	120**
	4
	2

	Scenario 14
	120**
	7
	2

	Scenario 15
	120**
	4
	4

	Scenario 16
	120**
	7
	4

	Scenario 17
	120**
	4
	7

	Scenario 18
	120**
	7
	7


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];

SR-Based PUSCH Scenarios
	
	SCS
	# PDCCH MOs
	PUSCH Duration

	Scenario 1
	30
	4
	2

	Scenario 2
	30
	7
	2

	Scenario 3
	30
	4
	4

	Scenario 4
	30
	7
	4

	Scenario 5
	30
	4
	7

	Scenario 6
	30
	7
	7

	Scenario 7
	60
	4
	2

	Scenario 8
	60
	7
	2

	Scenario 9
	60
	4
	4

	Scenario 10
	60
	7
	4

	Scenario 11
	60
	4
	7

	Scenario 12
	60
	7
	7

	Scenario 13
	120**
	4
	2

	Scenario 14
	120**
	7
	2

	Scenario 15
	120**
	4
	4

	Scenario 16
	120**
	7
	4

	Scenario 17
	120**
	4
	7

	Scenario 18
	120**
	7
	7


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];
GF-Based PUSCH Scenarios
	
	SCS
	# PDCCH MOs
	PUSCH Duration

	Scenario 1
	30
	4
	2

	Scenario 2
	30
	7
	2

	Scenario 3
	30
	4
	4

	Scenario 4
	30
	7
	4

	Scenario 5
	30
	4
	7

	Scenario 6
	30
	7
	7

	Scenario 7
	60
	4
	2

	Scenario 8
	60
	7
	2

	Scenario 9
	60
	4
	4

	Scenario 10
	60
	7
	4

	Scenario 11
	60
	4
	7

	Scenario 12
	60
	7
	7

	Scenario 13
	120**
	4
	2

	Scenario 14
	120**
	7
	2

	Scenario 15
	120**
	4
	4

	Scenario 16
	120**
	7
	4

	Scenario 17
	120**
	4
	7

	Scenario 18
	120**
	7
	7


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];

Observations Based on the Agreed Downlink Results 
	Scenario
	1Tx under Rel. 15 N1 in 1ms possible?
	Max. Rel. 16 N1 for 1Tx in 1ms (symbols)?
	Latency gain for completing 1Tx if Rel. 16 N1 introduced?
	2Tx under Rel. 15 N1 in 1ms possible?
	Max. Rel. 16 N1 for 2Tx in 1ms (symbols)?(% reduction compared to Rel. 15 N1)
	Latency gain for completing 2Tx if Rel. 16 N1 introduced? (%)

	#1
	Y
	n/a
	n/a
	N
	3 (33%)
	~1.3ms to ~0.96-0.98ms (25%)

	#2
	Y
	n/a
	n/a
	N
	3-4 (11-33%)
	~1.15ms to ~0.84-1ms (13-27%)

	#3
	Y
	n/a
	n/a
	N
	<1 (77-89%)
	1.5ms to 1ms (33%)

	#4
	Y
	n/a
	n/a
	N
	1-2 (55-77%)
	1.37-1.44ms to 0.93-1ms (27%)

	#5
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#6
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#7
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#8
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#9
	Y
	n/a
	n/a
	N
	8~8.5 (5.6-11%)
	1.1ms to 1ms (10%)

	#10
	Y
	n/a
	n/a
	N
	8.5 (5.6%)
	1.03ms to 0.97ms (5%)

	#11
	Y
	n/a
	n/a
	N
	4-4.74 (50-55%)
	1.2-1.4ms to 1ms (17-28%)

	#12
	Y
	n/a
	n/a
	N
	4.5-6 (33.3-50%)
	1.17-1.31ms to ~1ms (10-23%)

	#13
	Y
	n/a
	n/a
	N
	19.5-20 (35%)
	1.2ms-0.99ms (17%)

	#14
	Y
	n/a
	n/a
	N
	19.5-20 (0-2.5%)
	1.17-1.33ms to 0.97ms (17-27%)

	#15
	Y
	n/a
	n/a
	N
	19-19.3 (3.5-5%)
	1.20-1.35ms to 1ms (17-26%)

	#16
	Y
	n/a
	n/a
	N
	19-19.3 (3.5-5%)
	1.2-1.33ms to 0.95-1ms (20-26%)

	#17
	Y
	n/a
	n/a
	N
	18 (10%)
	1.35ms to 1ms (26%)

	#18
	Y
	n/a
	n/a
	N
	17-18 (10-15%)
	1.35ms to 1ms (26%)

	#19 (*1)
	Y
	n/a
	n/a
	N
	2.5 (44%)
	1.39ms to 1ms (28%)

	#20**(*2)
	Y
	n/a
	n/a
	N
	0.5 (89%)
	1.61ms to 1ms (38%)

	#21**(*3)
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#22*(*4)
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#23*(*5)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#24**(*6)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#25**(*7)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#26**(*8)
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#27**(*9)
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#28**(*10)
	Y
	n/a
	n/a
	N
	n/a
	n/a


Proposal: Capture the following DL scenario description into the TR:
· (*1) Scenario 19 is the same as scenario 1 except that the gNB’s processing time for the initial PDSCH is N2 + X (CATT).
· (*2) Scenario 20 is the same as scenario 3 except that the gNB’s processing time for the initial PDSCH is N2 + X (CATT).

· (*3) Scenario 21 is the same as scenario 2, but 14 PUCCHs and PDCCH MOs per slot are considered (vivo).
· (*4) Scenario 22 is the same as scenario 8, but 14 PUCCHs and PDCCH MOs per slot are considered (vivo).
· (*5) Scenario 23 is the same as scenario 2, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*6) Scenario 24 is the same as scenario 4, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*7) Scenario 25 is the same as scenario 6, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*8) Scenario 26 is the same as scenario 14, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*9) Scenario 27 is the same as scenario 16, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*10) Scenario 28 is the same as scenario 18, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
Note: The following observations are made based on the agreement in [25] and collected results in [26].
Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
Observation: For downlink, two-transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
Observation: For downlink, two-transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-8.
Observation: For downlink, two-transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 9-12.
Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
Observation: For downlink, two-transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.

Proposal: Capture the following observations into the TR:
· Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 20.
· Observation: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 20.
· Observation: For downlink, one source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21.
· Observation: For downlink, one source [vivo] has shown that two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21.
· Observation: For downlink, one source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 22.
· Observation: For downlink, one source [vivo] has shown that two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 22.
· Observation: For downlink, one source [DCM] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 23-25.
· Observation: For downlink, one source [DCM] has shown that two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 23-25.
· Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 23-25.
· Observation: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 23-25.











Considering the agreed scenarios, with the following two exceptions, R1-1903621 provides the following results:
· UE decoding time for the last PDSCH: is N1/2 + d_1,1
· PDSCH crossing of slot boundaries allowed

Comparison of the DL 2Tx Rel-15 latency with the original assumptions vs. the new assumptions
	
Scenarios
	
SCS
	
# PDCCH MOs
	
PDSCH Duration
	Original assumptions
	New assumptions

	
	
	
	
	Rel-15 Latency (2Tx)
	Required N1 (2Tx)
	Rel-15 Latency (2Tx)
	Required N1 (2Tx)

	Scenario 1
	30
	4
	2
	1.29
	3
	1.21
	3

	Scenario 2
	30
	7
	2
	1.16
	3.25
	1.08
	4.25

	Scenario 3
	30
	4
	4
	1.51
	0.75
	1.39
	3

	Scenario 4
	30
	7
	4
	1.37
	2
	1.25
	3

	Scenario 5
	30
	4
	7
	1.94
	NA
	1.50
	1

	Scenario 6
	30
	7
	7
	1.87
	NA
	1.39
	1

	Scenario 7
	60
	4
	2
	0.97
	9
	0.89
	9

	Scenario 8
	60
	7
	2
	0.94
	9
	0.86
	9

	Scenario 9
	60
	4
	4
	1.1
	8
	0.98
	9

	Scenario 10
	60
	7
	4
	1.04
	9
	0.93
	9

	Scenario 11
	60
	4
	7
	1.27
	4.75
	1.05
	8.5

	Scenario 12
	60
	7
	7
	1.17
	6
	1.00
	9







Proposal: Capture the following Conclusions in the TR:
· Conclusion: For downlink, two HARQ transmissions cannot be completed within 1ms under any of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For downlink, single-shot transmission can be completed within 1ms under all of the considered scenarios for SCS = 30KHz and FDD.

· Conclusion: For downlink, under some considered FDD scenarios, two HARQ transmissions can be completed within 1ms for SCS = 60KHz.
· Conclusion: For downlink, under all considered FDD scenarios, a single-shot transmission can be completed within 1ms for SCS = 60KHz.
· Conclusion: For downlink, two HARQ transmissions cannot be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For downlink, a single-shot transmission can be completed within 1ms under all of the considered TDD scenarios for SCS = 120KHz.




Observations Based on the Agreed SR-Based Uplink Results 
	Scenario
	1Tx under Rel. 15 N2 in 1ms possible?
	Max. Rel. 16 N2 for 1Tx in 1ms (symbols)?
	Latency gain for completing 1Tx if Rel. 16 N2 introduced?
	2Tx under Rel. 15 N2 in 1ms possible?
	Max. Rel. 16 N2 for 2Tx in 1ms (symbols)?(% reduction compared to Rel. 15 N2)
	Latency gain for completing 2Tx if Rel. 16 N2 introduced? (%)

	#1
	Y
	n/a
	n/a
	N
	1.5-2 (63-72%)
	1.5-1.65ms to 0.93ms (38-43%)

	#2
	Y
	n/a
	n/a
	N
	2-3 (45-63%)
	1.4-1.65ms to 1ms (29-40%)

	#3
	N
	4.5-5 (10-27%)
	1.1ms to 0.88-0.97ms (11-20%)
	N
	0.5-1 (81-91%)
	1.7-1.87ms to 0.88ms (48-53%)

	#4
	Y
	n/a
	n/a
	N
	0.5-1 (81-90%)
	1.6-1.97ms to 0.86-0.95ms (46-51%)

	#5
	N
	2-2.25 (60-63%)
	1.12ms to 0.86-0.96 (14-23%)
	N
	n/a
	n/a

	#6
	N
	3-4 (27-45%)
	1.12ms to 0.95ms (15%)
	N
	n/a
	n/a

	#7
	Y
	n/a
	n/a
	N
	5.5-7 (36-50%)
	1.12-1.33ms to 0.96-1ms (14-24%)

	#8
	Y
	n/a
	n/a
	N
	6.5-8 (27-40%)
	1.12-1.31ms to 0.87-1ms

	#9
	Y
	n/a
	n/a
	N
	5-7
	1.25-1.46ms to 0.87-0.99ms (30-32%)

	#10
	Y
	n/a
	n/a
	N
	5-7
	1.22-1.46ms to 1ms (18-31%)

	#11
	Y
	n/a
	n/a
	N
	3 (72%)
	1.42-1.6ms to 0.83-0.94ms

	#12
	Y
	n/a
	n/a
	N
	3-4 (63-72%)
	1.31-1.58ms to 0.93ms (30-41%)

	#13
	Y
	n/a
	n/a
	N
	15-16 (55-58%)
	1.45-1.53ms to 0.99ms (30-35%)

	#14
	Y
	n/a
	n/a
	N
	14-16 (55-61%)
	1.4ms to 0.99ms (30%)

	#15
	Y
	n/a
	n/a
	N
	13-15 (53-63%)
	1.47-1.64ms to 1ms (32-40%)

	#16
	Y
	n/a
	n/a
	N
	11-15 (60-70%)
	1.42-1.57ms to 1ms (30-36%)

	#17
	Y
	n/a
	n/a
	N
	9-13 (63-75%)
	1.7ms to 0.92-0.96ms (45%)

	#18
	Y
	n/a
	n/a
	N
	9-14 (61-75%)
	1.65ms to 0.92-0.99ms (~40-45%)

	#19 (*1)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#20**(*2)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#21**(*3)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#22*(*4)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#23*(*5)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#24**(*6)
	N
	n/a
	n/a
	N
	n/a
	n/a


Proposal: Capture the following scenario description in the TR:
· (*1) Scenario 19 is the same as scenario 2, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*2) Scenario 20 is the same as scenario 4, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*3) Scenario 21 is the same as scenario 6, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*4) Scenario 22 is the same as scenario 14, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*5) Scenario 23 is the same as scenario 16, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*6) Scenario 24 is the same as scenario 18, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 

Considering the agreed scenarios, with the following two exceptions, R1-1903621 provides the following results:
· gNB’s processing time for SR =  N1/2
· PUSCH crossing of slot boundaries allowed

          Comparison of the UL SR-Based 2Tx Rel-15 latency with the original assumptions vs. the new assumptions
	
Scenarios
	
SCS
	
# PDCCH MOs
	
PUSCH Duration 
	Original assumptions
	New assumptions

	
	
	
	
	Rel-15 Latency (2Tx)
	Required N2 (2Tx)
	Rel-15 Latency (2Tx)
	Required N2 (2Tx)

	Scenario 1
	30
	4
	2
	1.51
	2
	1.4
	2

	Scenario 2
	30
	7
	2
	1.37
	3
	1.29
	3

	Scenario 3
	30
	4
	4
	1.72
	1
	1.54
	1

	Scenario 4
	30
	7
	4
	1.58
	1
	1.44
	2

	Scenario 5
	30
	4
	7
	1.97
	N/A
	1.79
	N/A

	Scenario 6
	30
	7
	7
	1.9
	N/A
	1.65
	1

	Scenario 7
	60
	4
	2
	1.12
	7
	1.08
	8

	Scenario 8
	60
	7
	2
	1.12
	8
	1.04
	9

	Scenario 9
	60
	4
	4
	1.26
	5
	1.19
	7

	Scenario 10
	60
	7
	4
	1.22
	7
	1.12
	8

	Scenario 11
	60
	4
	7
	1.31
	3
	1.28
	6

	Scenario 12
	60
	7
	7
	1.31
	4
	1.22
	6




Observation: For SR-based uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1, 2 and 4.
Observation: For SR-based uplink, a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 3, 5 and 6.
Observation: For SR-based uplink, two transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
Observation: For SR-based uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
Observation: For SR-based uplink, two transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
Observation: For SR-based uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
Observation: For SR-based uplink, two transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
Proposal: Capture the following observations in the TR:
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19-21.
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19-21.
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 19-21.
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 19-21.

Observations Based on the Agreed GF-Based Uplink Results 
	Scenario
	1Tx under Rel. 15 N2 in 1ms possible?
	Max. Rel. 16 N2 for 1Tx in 1ms (symbols)?
	Latency gain for completing 1Tx if Rel. 16 N2 introduced?
	2Tx under Rel. 15 N2 in 1ms possible?
	Max. Rel. 16 N2 for 2Tx in 1ms (symbols)?(% reduction compared to Rel. 15 N2)
	Latency gain for completing 2Tx if Rel. 16 N2 introduced? (%)

	#1
	Y
	n/a
	n/a
	N
	4 (27%)
	~1.1ms to 0.86-0.96ms (13-21%)

	#2
	Y
	n/a
	n/a
	N
	4-4.5 (18-27%)
	1.03ms to ~1.95ms (7%)

	#3
	Y
	n/a
	n/a
	N
	1-2 (63-81%)
	1.4ms to 1ms (28%)

	#4
	Y
	n/a
	n/a
	N
	1.25-2 (63-77%)
	1.28-1.39ms to 1ms (21-28%)

	#5
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#6
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#7
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#8
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#9
	Y
	n/a
	n/a
	Y 
	n/a
	n/a

	#10
	Y
	n/a
	n/a
	Y 
	n/a
	n/a

	#11
	Y
	n/a
	n/a
	N
	6.5-8 (27-40%)
	1.12ms to 0.95ms (17%)

	#12
	Y
	n/a
	n/a
	N
	6.75-8 (27-38%)
	1.12ms to 0.98ms (12%)

	#13
	Y
	n/a
	n/a
	N
	No valid solution
	n/a

	#14
	Y
	n/a
	n/a
	N
	No valid solution
	n/a

	#15
	Y
	n/a
	n/a
	N
	No valid solution
	n/a

	#16
	Y
	n/a
	n/a
	N
	No valid solution
	n/a

	#17
	Y
	n/a
	n/a
	N
	No valid solution
	n/a

	#18
	Y
	n/a
	n/a
	N
	No valid solution
	n/a

	#19 (*1)
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#20**(*2)
	Y
	n/a
	n/a
	Y
	n/a
	n/a

	#21**(*3)
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#22*(*4)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#23*(*5)
	N
	n/a
	n/a
	N
	n/a
	n/a

	#24**(*6)
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#25**(*7)
	Y
	n/a
	n/a
	N
	n/a
	n/a

	#26**(*8)
	Y
	n/a
	n/a
	N
	n/a
	n/a


Proposal: Capture the following scenario description in the TR:
· (*1) Scenario 19 is the same as scenario 2, but GF-PUSCH duration and periodicity of 1 symbol and 14 PDCCH MOs per slot are assumed (vivo)
· (*2) Scenario 20 is the same as scenario 8, but GF-PUSCH duration and periodicity of 1 symbol and 14 PDCCH MOs per slot are assumed (vivo)
· (*3) Scenario 21 is the same as scenario 2, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*4) Scenario 22 is the same as scenario 4, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*5) Scenario 23 is the same as scenario 6, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*6) Scenario 24 is the same as scenario 14, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*7) Scenario 25 is the same as scenario 16, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*8) Scenario 26 is the same as scenario 18, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 

Observation: For GF uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
Observation: For GF uplink, two transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
Observation: For GF uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
Observation: For GF uplink, two transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-10.
Observation: For GF uplink, two transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 11-12.
Observation: For GF uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
Observation: For GF uplink, two transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
Proposal: Capture the following observations in the TR:
· Observation 8: For GF uplink, a single source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation 9: For GF uplink, a single source [vivo] has shown that two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation 10: For GF uplink, a single source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 20.
· Observation 11: For GF uplink, a single source [vivo] has shown that two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 20.
· Observation 12: For GF uplink, a single source [DCM] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21.
· Observation 13: For GF uplink, a single source [DCM] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 22-23.
· Observation 14: For GF uplink, a single source [DCM] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21-23.
· Observation 15: For GF uplink, a single source [DCM] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 24-26.
· Observation 16: For GF uplink, a single source [DCM] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 24-26.

Proposal: Capture the following conclusions in the TR:
· Conclusion: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms under any of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For SR-based uplink, a single-shot transmission can be completed within 1ms under some of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For SR-based uplink, , two HARQ transmissions cannot be completed within 1ms under any of the considered scenarios for SCS = 60KHz and FDD.
· Conclusion: For SR-based uplink, under all considered FDD scenarios, a single-shot transmission can be completed within 1ms for SCS = 60KHz.
· Conclusion: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For SR-based uplink a single-shot transmission can be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For GF uplink, a single-shot transmission can be completed within 1ms under all of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For GF uplink, , two HARQ transmissions can be completed within 1ms under some of the considered scenarios for SCS = 60KHz and FDD.
· Conclusion: For GF uplink, under all considered FDD scenarios, a single-shot transmission can be completed within 1ms for SCS = 60KHz.
· Conclusion: For GF uplink, two HARQ transmissions cannot be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For GF uplink a single-shot transmission can be completed within 1ms under some of the considered TDD scenarios for SCS = 120KHz.

Proposal: Capture the following text in the TR:
[R1-1903706] evaluated the possible latency reduction by allowing the PDSCH/PUSCH to cross the slot boundary. 

Proposal: In Rel. 16 NR eURLLC:
· Introduce a new PDSCH processing time capability for SCS = 30KHz.
· Introduce a new PDSCH processing time capability for SCS = 60KHz for FR1.
For supporting the new capability, at least the following potential scheduling limitations can be considered in the WI phase:
· TBS, #RBs, #layers, UCI multiplexing, PUCCH format, #CCEs/BDs, length of the CORESET, number of overlapping symbols between PDCCH and PDSCH, etc.
RAN1 should strive to reduce the scheduling restrictions for supporting the new PDSCH timing capability.
Support: Qualcomm, Intel, Ericsson, LGE, Nokia/NSB, DCM, Sony
Do not support: Spreadtrum, Huawei/HiSi, MTK, Samsung
Proposal: In Rel. 16 NR eURLLC:
· Introduce a new PUSCH processing time capability for SCS = 30KHz.
· Introduce a new PUSCH processing time capability for SCS = 60KHz for FR1.
For supporting the new capability, at least the following potential scheduling limitations can be considered in the WI phase:
· TBS, #RBs, #layers, #CCEs/BDs, length of the CORESET, etc.
· RAN1 should strive to reduce the scheduling restrictions for supporting the new PDSCH timing capability.


AI for 3GPP RAN1 #96
Recommendation: Based on the observations, decide whether the new timing capability is introduced for:
· DL with SCS = 30KHz and/or SCS = 60KHz and/or SCS = 120KHz.
· UL with SCS = 30KHz and/or SCS = 60KHz and/or SCS = 120KHz.
CSI Computation Timing for NR eURLLC
In NR Rel. 15 [24], two sets of CSI computation delay requirements are defined as follows:	
Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



Table 5.4-2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140



In NR Rel. 15, the CSI computation delay requirement 1 offers shortened Z1 and Z'1 values and is applicable when CSI is reported on PUSCH without any uplink data or HARQ-ACK or when no CPU is occupied and CSI is associated to at most 4 CSI-RS ports in a single resource without CRI and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI'.
The remainder of this section presents the companies’ views on whether introducing a new CSI preparation latency requirement for Rel. 16 NR eURLLC is justified. Overall, 7 companies ([1], [3], [8], [12], [14], [19], [22]) shared their views on this topic.

Reasons for Introducing a New CSI Computation Delay Requirement
Huawei, HiSilicon [1]:
· If one has to rely on P-CSI for URLLC, short reporting periods should be configured, which leads to large uplink overhead and UE power consumption.
· Rel. 15 CSI computation delay is too large to improve the URLLC transmission efficiency.
· Considering the remote driving use case, the following results can be achieved:

Statistics of UE BLER for Scheme 1 vs. Scheme 2
	Schemes
	Proportion of UEs meeting the BLER target of 1e-5

	Scheme 1 (with R15 CSI computation delay as Table 1)
	90.0%

	Scheme 2 (with new CSI computation delay as Table 4)
	98.3%




[image: ]
Issue of current CSI computation delay. The A-CSI report is coming too late for the re-TX.

Ericsson [3]:
· In NR Rel-15, the mandatory UE CSI processing capability requires a UE to support calculation of 5 simultaneous CSI reports (which may be across different carriers, in the same carrier or as a single report with multiple CSI-RS resources). As some UE implementations calculate multiple CSI reports in a serial fashion, this implies that, roughly speaking, the CSI requirement 2 is about 5x longer than what it would be if the requirement were that only a single CSI report would need to be computed

Nokia, NSB [8]:
· Aperiodic CSI reporting can be efficient by avoiding the high overhead associated with short periodicity for periodic/semi-persistent reporting. However, the CSI computation time in Rel-15 (included in the Appendix for reference) is similar to the PUSCH preparation time for capability 1, and it is quite large compared to the PDSCH/PUSCH processing time for capability 2. This implies that CSI computation time has not been optimized for capability 2 UEs. On one hand, it means larger delay in CSI reporting, which deteriorates link adaptation in general.
· For URLLC UEs, if we want to use UL grant to trigger aperiodic CSI report, the reporting time will have to come much later than a PUSCH carrying data only. This makes it impossible to trigger aperiodic CSI while schedule PUSCH URLLC at the same time.
· Consider a UE capability that supports smaller A-CSI computation time. It can be further considered whether to attach certain conditions to the smaller CSI computation time.

Qualcomm [22]:
· The CSI computation timeline can only be reduced if further relaxations as compared to NR Rel. 15 are introduced.
· In particular, if CSI computation is based on DL DMRS and delta CQI is reported, the CSI reporting timeline can be reduced to N1.

Companies’ Proposals on Reducing CSI Computation Timeline
Huawei, HiSilicon [1]:
· The following values are proposed to be considered as the new CSI computation timeline for Rel. 16 URLLC:
New advanced CSI computation delay requirement for URLLC
	[image: ]
	Z1 [symbols]

	
	Z1
	Z'1

	0
	5
	4

	1
	6.5
	5.5

	2
	13
	11

	3
	22
	18



Ericsson [3]:
· The new Z/Z’ are about 1/5 of the Z/Z’ under timing requirement 2. Only a single CSI report is triggered under the new CSI computation timeline.

Reasons for NOT Introducing a New CSI Computation Delay Requirement
Samsung [12]:
· If URLLC traffic characteristic is periodic, Rel-15 NR periodic CSI method can be just reused.
· In case that URLLC traffic has sporadic characteristic, it is mostly difficult for gNB to utilize aperiodic CSI information at initial transmission because traffic arrival of URLLC seems not expectable. So, it is mainly applicable when aperiodic CSI reporting is only applicable between initial transmission and retransmission. However, this is very rare case because retransmission event happens with the probability of 0.001% if gNB schedules URLLC UE using MCS table 3.
· Even though new CSI processing timeline is considered to report CSI feedback with HARQ-ACK, it is likely to affect N1 processing time because a UE has to process two kinds of UCIs (i.e., one is for HARQ-ACK and the other is for CSI) at the same time and then it may delay HARQ-ACK feedback compared to Rel-15 N1 values that makes URLLC latency longer.

Intel [14]:
· Supporting very fast CSI feedback, e.g., triggered by a NACK to a PDSCH reception and with similar processing times as HARQ-ACK feedback without consideration of CSI reporting, can incur significant burden on UE complexity.
· Such a feature is unlikely to bring material benefits to URLLC operation considering the fact that, even when assuming a HARQ-retransmission-based operation, the initial BLER should still be quite low to meaningfully impact overall latency/reliability performance and resource utilization. 
· The real benefits on top of outer-loop link adaptation and from “fine-tuned retransmission scheduling” are questionable at best. In addition, in order to make such tight CSI feedback feasible it has been suggested to consider PDSCH/PDCCH DMRS-based CSI feedback. This essentially offers a “fast but coarse” CSI feedback that is unlikely to be very useful towards realizing the objective of optimized scheduling of a retransmission. 
· The multiple CSI reports may be prepared using serial or parallel processing approaches. For the latter case, reducing the number of reports from five does not necessarily reduce the minimum turn-around time. 

NTT DOCOMO [19]:
· Given the available TUs, this enhancement is not a priority.

AI for 3GPP RAN1 #96
Recommendation: Discuss joinly with the following UCI enhancement agreement made in RAN1 AH1901: 
Agreements:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
· For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)
· Opt.3: No A-CSI on PUCCH due to this SI
Companies are encouraged to perform more evaluations/analysis w.r.t. the above options to facilitate coming up with observations and eventually drawing conclusion

FL Note: No discussion on this topic.

	Company
	Comment

	
	

	
	



Out-of-Order HARQ and Scheduling 
[bookmark: _Hlk529762313]In NR Rel. 15, the following behaviors in downlink and uplink are specified:
[bookmark: _Hlk529656680][bookmark: _Hlk529762304]Section 5.1 of TS 38.214
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the ending symbol of the first PDSCH with a PDCCH that does not end earlier than symbol i.
Section 6.1 of TS 38.214
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the ending symbol of the first PUSCH by a PDCCH that does not end earlier than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0-0 or 0-1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
According to the specification, the following procedures should be kept in order:
· For a given scheduled cell, PDSCH to HARQ-ACK
· For a given serving cell and any two HARQ processes, PDCCH to PDSCH
· For any scheduled cell and any two HARQ processes, PDCCH to PUSCH
· For any HARQ process, PDCCH with C-RNTI or MCS-RNTI to PUSCH.

In RAN1 AH1901, the following agreement was reached:
Agreements:
For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:
· The details of the dropping rules if allowed
· The conditions (if any) under which the UE is expected to process the out-of-order channels

The remainder of this section presents the companies’ views on whether out-of-order HARQ and scheduling for NR Rel. 16 eURLLC should be supported. Overall, XX companies ([3], [4], [5], [6], [8], [9], [10], [12], [17], [18], [19], [20], [22]) shared their views on this topic.

Reasons/Proposals for Allowing Out-of-Order HARQ and Scheduling 
Ericsson [3]:
· The objective is that URLLC PDSCH has a faster HARQ response than eMBB PDSCH. Similarly, the objective for enabling out-of-order PUSCH is that URLLC PUSCH can be scheduled earlier than eMBB PUSCH [3].

vivo [4]:
· Support out-of-order PDCCH to PDSCH and PUSCH across different HARQ processes as shown in the figures below:

[image: ]
DL out of order scheduling.
[image: ]
UL out of order scheduling.

· It is also suggested to support out-of-order PDSCH scheduling for the same HARQ process.
· It is also suggested to support out-of-order PDCCH to PUSCH scheduling (PUSCH enhancement Option 3) as shown below for the same HARQ process ID:

[image: ]
Example of out of order PUSCH scheduling with the same HARQ process ID.

· It is also suggested to support PDSCH-to-PUCCH out-of-order operation for different HARQ processes.

[image: ]
Example of out-of-order HARQ-ACK feedback in the case of eMBB DL transmission and URLLC DL transmission.

ZTE [5]:
· For supporting out-of-order PDSCH-to-PUCCH operation for different HARQ processes, the following alternatives are proposed:
· UE decodes PDSCH2 and stops decoding PDSCH1, but sends a NAK.
· UE decodes PDSCH2, stops decoding PDSCH1, but then will continue later.
· UE decodes both in parallel.
· For uplink, a more urgent URLLC data may be scheduled in the middle of the preparation for PUSCH1 and thus out of order PUSCH scheduling should be supported.
· It is also suggested to allow for PDCCH-to-PDSCH out-of-order operation. The reason is to use cross-slot scheduling for eMBB to reduce the PDCCH blocking, while allowing for URLLC to be scheduled quickly. 
· Out of order PUSCH&PDSCH scheduling should be supported in Rel-16 and schemes for UE/gNB to predetermine whether the interrupted PDSCH/PUSCH will be transmitted or not are for further study.
· This paper also discusses the HARQ ID reusing, and proposes to relax the following Rel. 15 limitations:

	TS 38.214 5.1（for PDSCH）
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process.
TS 38.214 6.1（for PUSCH）
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.



MediaTek [6]:
· Given the low latency requirements for URLLC traffic, the HARQ feedback need to be transmitted with short delay to enable possible HARQ retransmission.
· In the out-of-order HARQ feedback scenario, if earlier PDSCH requires the same (or smaller) processing time compared to the later PDSCH, the out-of-order HARQ feedback could be supported without the need to skip decoding the earlier PDSCH.
· In the out-of-order HARQ feedback scenario, if the earlier PDSCH requires processing time larger than the later PDSCH, the UE will have to skip decoding the earlier PDSCH under some circumstances.
· The same proposal is made for OOO PUSCH with different HARQ process IDs.

Nokia, NSB [8]:
· For eMBB, the gNB may schedule PUSCH to start some time later (longer than the minimum PUSCH preparation time) with certain frame structure in mind (which may be more efficient). But when URLLC traffic comes, in order to satisfy the latency requirement, the gNB would need to schedule PUSCH as soon as possible, which can be earlier than the previously scheduled eMBB packet.
· All Rel-16 UEs to support out-of-order HARQ-ACK.

CATT [9]:
· For a UE supporting mixed mode (URLLC and non-URLLC) traffic, newly arriving URLLC traffic cannot be scheduled until the end of an already scheduled PDSCH/PUSCH based on the Rel-15 scheduling restrictions leading to increased latency.



out-of-order scheduling is not supported in Rel-15.

· It is suggested to support both PDCCH-to-PDSCH and PDCCH-to-PUSCH OOO operation.
· For out-of-order scheduling, it is assumed that the PDSCH/PUSCH scheduled by the later DCI is for URLLC traffic, so it is clear that UE should prioritize the PDSCH/PUSCH scheduled by the later DCI. To be more specific, a UE should decode the PDSCH scheduled by the later DCI according to the scheduling information and transmit the corresponding HARQ-ACK. Similarly, the UE should transmit PUSCH scheduled by the later DCI according to the scheduling information.
· In order to overcome the disadvantages of stopping/skipping the processing of PDSCH/PUSCH scheduled by the earlier DCI without increasing the requirement of UE processing capability, it is proposed that UE decodes the PDSCH scheduled by earlier DCI and feeds back the corresponding HARQ-ACK if the time interval between the starting symbol of HARQ-ACK transmission corresponding to the two PDSCHs is not shorter than the processing time for the first PDSCH. Similarly for the UL, a UE may transmit PUSCH scheduled by the earlier DCI if the time interval between the start of two PUSCHs is not shorter than the preparation time for the first PUSCH. 

LGE [10]:
· Considering the UE with mixed type of traffics having various latency/reliability requirements (e.g., eMBB and URLLC), it would be beneficial if out-of-order HARQ-ACK/scheduling are allowed.
· At least out-of-order HARQ-ACK/scheduling needs to be allowed. 
· Furthermore, to allow out-of-order HARQ-ACK, at least timing gap between earlier HARQ-ACK for later PDSCH and later HARQ-ACK for earlier PDSCH needs to be taken into account. Similarly, to allow out-of-order PDSCH/PUSCH scheduling, at least timing gap between earlier PDSCH/PUSCH scheduled by later PDCCH and later PDSCH/PUSCH scheduled by earlier PDCCH needs to be taken into account. 
· In addition, TB size or the number of RBs which can be a bottleneck for decoding/channel estimation needs to be considered for determining whether to allow out-of-order HARQ-ACK/scheduling.

Samsung [12]:
· For supporting out-of-order operation, a couple of issues should be resolved. 
· First thing is the UE capability. So, it needs to be discussed which types of UE can support out-of-order HARQ procedures. Main motivation of having in-order HARQ process is to reduce receiver complexity because UE may process each packet in parallel ways like pipe-line process, e.g., in series of gain controller, channel estimation, decoder and so on. Depending on UE capability, out-of-order HARQ can be handled differently.
· If a UE has multiple receiver blocks or transmitter blocks, UE can process PDSCHs or PUSCHs having out-of-order HARQ without affecting UE processing timeline. For example, if a UE has two separate components per gain controller, channel estimation and decoder, the UE can process at most two PDSCH having out-of-order HARQ using current Rel-15 processing timeline table. So, this kind of information such as the number of processors should be known to gNB to schedule properly considering UE processing timeline. In this regard, it is possible that gNB allows to schedule PDSCH or PUSCH with out-of-order HARQ to only UEs having multiple processors. 
· An an alternative way, it is also possible that additional UE behaviours (e.g., prioritization or multiplexing) should be studied considering existing processing time if out-of-order HARQ is also supported for UEs having one processor. As a simple solution, UE may drop first PDSCH/PUSCH when out-of-order HARQ event happens or new processing time condition for out-of-order HARQ can be considered to determine whether first PUSCH/PDSCH scheduling would be dropped or processed even though out-or-order HARQ is scheduled by gNB. 

OPPO [13]:
· If DCI 1 is transmitted before DCI 2, UE does not expect PDSCH 2/PUSCH 2 corresponding to DCI 2 is before PDSCH 1/PUSCH 1 corresponding to DCI 1. With such limitation, once cross slot scheduling is used for eMBB, the latency of URLLC transmission will be significantly increased. Therefore, we propose that the later grant can cancel/stop the PDSCH/PUSCH scheduled by the previous grant.
· If PDSCH 1 is transmitted before PDSCH 2, UE does not expect PUCCH 2 corresponding to PDSCH 2 is before PUCCH 1 corresponding to PDSCH 1. In order to reduce the PUCCH overhead, HARQ-ACK multiplexing should be used as much as possible for eMBB, and larger K1 will be frequently used for eMBB. With such limitation, the latency of HARQ-ACK feedback for URLLC will be significantly increased. 
· If it also proposed in this paper that a UE can skip decoding some PDSCH(s) scheduled by previous DCI(s), when the HARQ-ACK corresponding to the later DCI is fed back before the HARQ-ACK corresponding to the previous DCI(s). 
· Furthermore, it is proposed that the later grant can cancel/stop the PUCCH corresponding to the previous DCI(s).
· The third case considered in this paper is as as follows: If an UL grant is transmitted to schedule PUSCH in slot n, UE does not expect a DL grant whose corresponding HARQ-ACK is transmitted in slot n is after the UL grant. To handle this case, it is proposed to consider the following methods:
· Method 1: Simultaneous transmissions of PUCCH and PUSCH
· Method 2: PUCCH scheduled by later DCI can cancel/stop the PUSCH scheduled by previous DCI.
· Method 3: If UE can distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to URLLC should puncture the PUSCH. Separate eMBB and URLLC HARQ-ACK codebook mapping is supported.
· Method 4: If UE cannot distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to PDSCH(s) after the UL grant should puncture the PUSCH.


Rel-15 restricted scheduling/HARQ case 3
· The fourth case considered in this paper is as follows: The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process. In this paper, it is proposed to relax such a limitation for URLLC.

  Intel [14]:
· For further considerations on OOO HARQ for PDSCH and OOO PUSCH scheduling, RAN1 should assume that the UE does not drop the earlier PDSCH’s HARQ-ACK feedback or the PUSCH for the earlier grant.
· Any consideration on potential dropping of HARQ-ACK for an earlier PDSCH or PUSCH for an earlier grant should be considered as generalization of intra-UE multiplexing for data vs. data collisions for DL and UL respectively.
· Feature lead comment: Intra-UE multiplexing refers to the cases that the channels are overlapping. For supporting the out-of-order operation, the DL and/or UL channels are not necessarily overlapping.
· One particular constraint for supporting the OOO operation relates to the number of such OOO flows the UE may be expected to handle if the Rel-15 constraint is relaxed as an optional UE capability. In general, removing the constraint on OOO PDSCH HARQ and PUSCH scheduling from Rel-15 implies that a UE that supports handling of OOO channels may expect multiple such OOO PUSCHs or PDSCHs that may or may not be nested with respect to each other. However, this poses significant complexity to the UE implementation while the use cases for such OOO HARQ and scheduling can be almost always satisfied if the OOO behavior is limited to a maximum of one OOO PDSCH or grant w.r.t. an earlier PDSCH or grant respectively. This implies that the UE implementation may only expect a maximum of one OOO PDSCH-to-HARQ-ACK flow for DL and a maximum of one OOO UL grant-to-PUSCH flow at any time. 
· Out-of-order operations can take place in-between allocations with the same timing capability.

  Spreadtrum Communications [17]:
· In case of UL eMBB PUSCH is scheduled before UL URLLC PUSCH, and UL URLLC PUSCH need to be transmitted earlier than eMBB PUSCH. As shown as in Figure 5, PUSCH1 is scheduled earlier than PUSCH2, but indicated to be transmitted later than PUSCH2. In order to reduce the latency of URLLC traffic, UE may not be able to simultaneously prepare two PUSCHs, a single solution is to drop or stop the procession of PUSCH1 and not to transmit it. 


  III [18]:
· For any two HARQ process IDs with different latency requirement (ex: eMBB and URLLC). Feasibility of out-of-order HARQ-ACK transmission relies on three premises:
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]Premise A:  Differentiation of prioritized traffics from physical layer’s perspective.
· Premise B:  Availability of unused PUCCH resource for inserting urgent HARQ-ACK feedback. 
· Premise C:  Transmission possibility of deprioritized HARQ-ACK. 
· For A, UE can perform different treatment for URLLC HARQ-ACK based on MCS RNTI or new DCI format for URLLC.
· Dedicated PUCCH resource assigned for URLLC HARQ-ACK within a slot can guarantee available resource for URLLC HARQ-ACK whenever out-of-order scheduling over eMBB HARQ-ACK is necessary. 
· Whenever out-of-order HARQ-ACK is triggered, UE ignore previously received PDSCH, decode later received PDSCH, and transmits HARQ-ACK as indicated by later DCI. 
· If original eMBB HARQ-ACK PUCCH location can still meet extended processing time induced by insertion of URLLC traffic, eMBB HARQ-ACK can be transmitted thereof. 
· Otherwise, eMBB HARQ-ACK can be dropped or postponed to a later location determined by UE implicitly or rescheduled by gNB.     

  NTT DOCOMO [19]:
· These restrictions are reasonable only for the case where a single service type is operated. However, if a UE supports mixed service types, such as eMBB and URLLC services, the restriction is quite non-sense. For a UE supporting eMBB and URLLC services, different traffics with totally different timelines occur. If these restrictions are kept in Rel.16 NR URLLC, when a UE is operated with eMBB and URLLC, the URLLC traffic is restricted by eMBB traffic. 
· Depending on the UE capability, the UE behavior would be different. For some UEs with high capability, it is possible that the UE is able to process multiple PDSCHs and/or PUSCHs simultaneously; in this case, out-of-order scheduling and HARQ can be supported without affecting the UE processing timeline.
· However, if the UE is not able to handle multiple PDSCHs or PUSCHs simultaneously, additional prioritization/multiplexing rules would be needed. For out-of-order scheduling, it is more reasonable that the PDSCH/PUSCH scheduled by later PDCCH can cancel/stop the PDSCH/PUSCH scheduled by earlier PDCCH.

  ITRI [20]:
· It would be better for UE to handle both eMBB and URLLC traffic during the out-of-order scheduling if the UE capability can satisfy the mixed processing timeline, especially considering the URLLC traffic with higher priority than eMBB. Regarding to the lower priority traffic, the UE can ignore the scheduling DCI for out-of-order scheduling for the case of UL transmission, or the UE can skip decoding the transport block for PDSCH with lower priority. 
· The processing time of each PDSCH (or PUSCH) should be taken into account when handling the process of out-of-order HARQ (or scheduling).
· It would be necessary to support differentiation of eMBB and URLLC in physical layer in order to identify the process of out-of-order channels.

  Qualcomm [22]:
· Two solutions for allowing OOO operation are introduced: (1) similar to CA capability, the UE declares the conditions (e.g., BW or #RBs) that can be assigned to eMBB and URLLC. If these conditios are satisfied when OOO scheduling happens, the UE processes both channels; otherwise, the UE assumes it is an error event. (2) Some scheduling conditions are defined. If the conditions are satisfied, the UE processes both channels; otherwise, the eMBB channel is dropped. 
· This paper proposes more conditions for the 2nd solution mentioned above.
· This paper also proposes that the OOO operation should only be allowed if the channels are associated with different timing capabilities; otherwise, the rules should remain the same as those of the NR Rel. 15.

Reasons for NOT Allowing Out-of-Order HARQ and Scheduling
Nokia, NSB [8]:
· Out-of-order PDSCH scheduling (PDCCH-to-PDSCH) does not typically happen since PDSCH is usually scheduled to start at the same time as or immediately follow the DL assignment.
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Proposal: For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. One of the following solutions should be specified:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second priority channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second priority PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.
· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the low priority and the high priority PDSCH. 
· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be supported.
· FFS the value of d. 
· Dropping the processing of the first PDSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first PDSCH on the same serving cell 
· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell.
· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.



[bookmark: _Hlk2305566]Proposal: For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.  Specify based on the following solutions:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first schedeuled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered.
· FFS the value of d. 
· Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
· Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.
· FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
· Other details of dropping are as those of the solution 4. 
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Uplink Multiplexing Timeline 
In Rel-15, due to the flexible starting symbols and durations for PUCCH and PUSCH, different uplink overlapping cases such as PUCCH and PUCCH, PUCCH and PUSCH may occur. It was agreed that for single-slot PUCCH overlaps with single-slot PUSCH in time domain, UCI is piggybacked on PUSCH when the multiplexing timeline requirements are met. Otherwise, UE considers that as an error case for which UE behavior is not specified. The multiplexing time is defined as N1+X and N2+Y. N1+X is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDSCH(s). N2+Y is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable). The X and Y are the additional processing time allowances when HARQ feedback is mapped to PUSCH (including the case that when UE decodes UL grant, the PUCCH preparation is going on, UE needs to cancel the preparation and start to transmit the corresponding information with another transmission). Furthermore, X=T+d1,1+d1,2, Y=T+d2,1, where T = 1. 

Companies’ Proposals 
One company [4] proposes that the same rules can be considered as a starting point for discussions in Rel. 16 eURLLC; however, the N1 and N2 values can be replaced by those of the Rel. 16 eURLLC if any is introduced.
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Uplink Cancellation Timeline 
In this section, two scenarios wherein uplink cancellation may be required is summarized:
· Case 1: Changing the transmission/reception direction on the semi-static configured flexible resources by scheduling DCI or SFI.



Figure 6: cancelation timeline defined in Rel-15 NR.

· Case 2: Uplink cancellation to relax the following scheduling constraints of Rel. 15 NR:
· TS 38.213 9.1.2.2（for semi-static HARQ codebook）
· A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.
· TS 38.213 9.1.3.2（for dynamic HARQ codebook）
· A UE does not multiplex in a PUSCH transmission HARQ-ACK information that is in response to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.



HARQ and PUSCH multiplexing timeline restriction for semi-static HARQ codebook.


HARQ and PUSCH multiplexing timeline restriction for dynamic HARQ codebook.

Companies’ Proposals for Case 1
One company [4] proposes that for scheduling eURLLC in a timely manner, the cancellation timline should be reduced.
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Companies’ Proposals for Case 2
One company [5] proposes to define new multiplexing rules for the UEs supporting traffic types with different priorities. An example of such rules could be that the eURLLC uplink channel can cancel the ongoing eMBB channel. Another company [13] proposes different solutions such as simultaneous of PUCCH and PUSCH, cancellation of earlier granted PUSCH by PUCCH and puncturing earlier granted PUSCH.
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SR Enhancement for Uplink Latency Reduction 
To  meet the stringent latency requirement of eURLLC (e.g., 0.5ms), SR perioricitiy should be reduce for the scheduling of a dynamic PUSCH. In [1], it is argued that since the SR overhead increases as the SR periodicity reduces, there is a need to introduce a new scheme, called underlay SR (USR), for eURLLC applications. 
One company [2] studies the benefits of the Underlay SR (USR) scheme in terms of removing the PUCCH-SR overhead, while meeting or exceeding the  latency performance of PUCCH-SR with minimum periodicity (2 OFDM symbols) as illustrated in the figure below. As discussed in this paper, the main gain of USR comes from the fact that the waiting time for sending an SR can be eliminated with no frequency resource overhead.
[image: ]
Impact on Available Bandwidth for Data Transmission for PUCCH-SR vs USR for BW = 20 MHz.

Further reults on the comparison between the SR via PUCCH and USR are provided in the two tables below:
Percentage of One-Way Air Interface Latency (e.g., 0.5 ms for Factory Automation) due to Wait Time for NR SR with 2 OFDM Symbol SR Periodicity
	Wait time
	SCS = 15 kHz
	SCS = 30 kHz

	Average (one OFDM symbol)
	13.4%
	6.6%

	Worst-Case (two OFDM symbols)
	26.6%
	13.4%



Average NR SR wait-time (SR Periodicity = 2 OFDM Symbols) based on proposed UE processing capability
	Configuration
	HARQ Timing
(nr of OS)
	SCS = 15 kHz
	SCS = 30 kHz
	SCS = 60 kHz
	SCS = 120 kHz

	Front-loaded DMRS only
	N1
	2.5
	2.5
	5
	10

	Frequency-first RE-mapping
	N2
	2.5
	2.5
	5
	10

	Average wait-time (one OS) as a percentage of N1 or N2
	
	40%
	40%
	20%
	10%



Further, the overall latencies are reported based on the following assumptions:
· For latency comparison between Rel. 15 and the new UE processing capabilities, an FDD system with SCS = 15KHz and 30KHz is assumed. PDCCH monitoring occasion has the periodicity of 5 symbols (PDCCH is monitored at symbol 0, 5 and 10 of each slot).
· For Grant-Based transmission, minimum SR periodicity of 2 OFDM symbols is assumed.
· Capability #2: N1 = 3 symbols for SCS = 15 kHz and 4.5 symbols for SCS = 30 kHz.
· Capability #3: N1 = N2 = 2.5 symbols for SCS = 15 kHz and 30 kHz.
· Worst-case time alignment or Wait-Time UL latency for NR SR is 2 OFDM symbols for NR SR and 1 OFDM symbol for USR.

Capability #2 with PDCCH periodicity = 5 os
	Latency (ms)
	HARQ
	15kHz SCS
	15 kHz SCS
	30kHz SCS
	30 kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR

	UL data (SR)
	1 tx
	3.11
	1.89
	1.68
	1.39
	1.32 
	1.58
	1.04
	0.94
	0.79
	0.76 

	
	2 tx
	5.11
	3.18
	2.82
	2.39
	2.26 
	2.58
	1.83
	1.58
	1.29
	1.22 

	
	3 tx
	7.11
	4.61
	3.82
	3.39
	3.19 
	3.58
	2.58
	2.22
	1.79
	1.69 

	
	4 tx
	9.11
	5.89
	4.82
	4.39
	4.12 
	4.58
	3.33
	2.94
	2.29
	2.16 

	UL data (Configured grant)


	1 tx
	2.29
	1.29
	1.07
	0.57
	N/A
	1.18
	0.68
	0.57
	0.32
	N/A

	
	2 tx
	4.29
	2.79
	2.21
	1.64
	N/A
	2.18
	1.43
	1.32
	0.96
	N/A

	
	3 tx
	6.29
	3.93
	3.21
	2.64
	N/A
	3.18
	2.18
	1.93
	1.46
	N/A

	
	4 tx
	8.29
	5.29
	4.21
	3.64
	N/A
	4.18
	2.93
	2.57
	1.96
	N/A



Capability #3 with PDCCH periodicity = 5 os. 
	Latency (ms)
	HARQ
	15kHz SCS
	15 kHz SCS
	30kHz SCS
	30 kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR

	UL data (SR)
	1 tx
	2.66
	1.88
	1.38
	1.23
	 1.16
	1.33
	0.94
	0.69
	0.62
	0.59 

	
	2 tx
	4.66
	2.88
	2.38
	1.88
	 1.75
	2.33
	1.44
	1.19
	0.94
	0.87 

	
	3 tx
	6.66
	3.88
	3.38
	2.52
	2.32 
	3.33
	1.94
	1.69
	1.26
	1.16 

	
	4 tx
	8.66
	4.73
	4.23
	3.09
	2.82 
	4.33
	2.37
	2.12
	1.54
	1.41 

	UL data (Configured grant)


	1 tx
	2.18
	1.25
	0.75
	0.46
	N/A
	1.09
	0.63
	0.38
	0.23
	N/A

	
	2 tx
	4.18
	2.39
	1.75
	1.39
	N/A
	2.09
	1.20
	0.88
	0.70
	N/A

	
	3 tx
	6.18
	3.39
	2.75
	2.04
	N/A
	3.09
	1.70
	1.38
	1.02
	N/A

	
	4 tx
	8.18
	4.39
	3.75
	2.75
	N/A
	4.09
	2.20
	1.88
	1.38
	N/A




Capability #2 with PDCCH periodicity = 2 os. 
	Latency (ms)
	HARQ
	15kHz SCS
	15 kHz SCS
	30kHz SCS
	30 kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR

	UL data (SR)
	1 tx
	2.82
	1.89
	1.39
	1.11
	1.04 
	1.58
	1.04
	0.87
	0.72
	0.69 

	
	2 tx
	4.82
	3.04
	2.39
	1.96
	1.83 
	2.58
	1.76
	1.47
	1.26
	1.19 

	
	3 tx
	6.82
	4.18
	3.39
	2.82
	2.62 
	3.58
	2.54
	2.04
	1.76
	1.66 

	
	4 tx
	8.82
	5.32
	4.39
	3.68
	3.41 
	4.58
	3.26
	2.62
	2.26
	2.13 

	UL data (Configured grant)


	1 tx
	2.29
	1.36
	0.86
	0.57
	N/A
	1.18
	0.71
	0.46
	0.32
	N/A

	
	2 tx
	4.29
	2.50
	1.86
	1.43
	N/A
	2.18
	1.39
	1.11
	0.89
	N/A

	
	3 tx
	6.29
	3.64
	2.86
	2.29
	N/A
	3.18
	2.21
	1.71
	1.43
	N/A

	
	4 tx
	8.29
	4.79
	3.86
	3.14
	N/A
	4.18
	2.89
	2.29
	1.93
	N/A



Capability #3 with PDCCH periodicity = 2 os. 
	Latency (ms)
	HARQ
	15kHz SCS
	15 kHz SCS
	30kHz SCS
	30 kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	USR

	UL data (SR)
	1 tx
	2.66
	1.73
	1.23
	0.95
	0.88 
	1.33
	0.87
	0.62
	0.47
	0.44 

	
	2 tx
	4.66
	2.73
	2.23
	1.66
	1.53 
	2.33
	1.37
	1.12
	0.83
	0.76 

	
	3 tx
	6.66
	3.73
	3.23
	2.38
	2.18 
	3.33
	1.87
	1.62
	1.19
	1.09 

	
	4 tx
	8.66
	4.73
	4.23
	3.09
	2.82 
	4.33
	2.37
	2.12
	1.54
	1.41 

	UL data (Configured grant)


	1 tx
	2.18
	1.25
	0.75
	0.46
	N/A
	1.09
	0.63
	0.38
	0.23
	N/A

	
	2 tx
	4.18
	2.25
	1.75
	1.18
	N/A
	2.09
	1.13
	0.88
	0.59
	N/A

	
	3 tx
	6.18
	3.25
	2.75
	1.89
	N/A
	3.09
	1.63
	1.38
	0.95
	N/A

	
	4 tx
	8.18
	4.25
	3.75
	2.61
	N/A
	4.09
	2.13
	1.88
	1.30
	N/A



· It is then observed that grant-based transmission with USR gives lower latency than NR SR using the minimum periodicity of 2 OFDM symbols.
· Further, the USR detection and reliability is discussed. It is argued that advanced USR detection methods with good performances can be designed. 
[image: ]
USR detection performance as a function of NR Overlay Bandwidth Occupancy

Proposal: Capture the following text in the TR:
PUCCH-based SR with reduced periodicity can decrease latency at the expense of excessive overhead. Increasing the SR period can reduce overhead, but then the URLLC latency requirements are difficult to meet. For Rel. 16, event-driven (i.e., non-periodic) Underlay SR (USR) method was studied. The USR method can be used to meet the latency requirements with negligible overhead, zero wait-time (i.e., elimination of time alignment to transmit SRs since USRs can be transmitted in the OFDM symbol immediately following packet arrival at the UE) and a more graceful latency degradation as the number of URLLC users increases. Because the USR method also eliminates the wait time for sending SRs, it can also be used to reduce the UE’s processing capability by one OFDM symbol (on the average) and by two OFDM symbols (in the worst case) with respect to the periodic NR SR method with minimum periodicity of 2 OFDM symbols.
USR lower resource overhead can significantly enhance the bandwidth available for data transmission, as shown in Figure 3 from [3], reproduced below.
[image: ]
Impact on Available Bandwidth for Data Transmission for PUCCH-SR vs. USR for BW = 40 MHz
Non-negligible Wait-Time with NR SR must be taken into account in the air interface latency budget, especially for the UL with grant-based transmission since the Wait Time, even with the minimum SR periodicity of 2 OFDM symbols, becomes a significant fraction of air interface latency budget, as shown in Table 1 from [3], reproduced below.

Percentage of One-Way Air Interface Latency (e.g., 0.5 ms for Factory Automation) due to Wait Time for NR SR with 2 OFDM Symbol SR Periodicity
	Wait time
	SCS = 15 kHz
	SCS = 30 kHz

	Average (one OFDM symbol)
	13.4%
	6.6%

	Worst-Case (two OFDM symbols)
	26.6%
	13.4%





Proposal: Capture the following TP for TR 38.824 Section 6.4.1:
Other than the above aspects, a non-periodic SR scheme has been discussed in [m], [n] for latency reduction and overhead reduction. This scheme is not considered in Section 6.4.1.1-6.4.1.4.

[m] R1-1901589,  “Additional Results for Underlay Scheduling Request for NR Rel. 16,” Idaho National Laboratory, RAN1#96 meeting, Feb-March, 2019, Athens, Greece.
[n] R1-1900015, “Underlay Scheduling Request for NR Rel. 16 and Latest Results,” Idaho National Laboratory, RAN1 AH January 2019 meeting, Taipei, Taiwan.
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Timing Between SRS and CSI-RS for Non-Codebook Based UL
One company [21] discusses the enhancements related to the gap between the A-SRS and its associated aperioric NZP-CSI-RS. In particular, the following limitation is defined in NR Rel. 15:
[bookmark: _Hlk515954588]“A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols.”
With SCS higher than 15 KHz, it is possible to support more than one HARQ based retransmissions within 5ms latency. It is beneficial to acquire fresh CSI before the next retransmission which can improve the reliability.  The SRS and the associated aperiodic NZP-CSI-RS can be triggered through the same DCI grant.
Consider enhancements to timing (Tofffset) between SRS transmission and NZP-CSI-RS in the case of non-codebook based UL.
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