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Introduction
For this meeting, contributions [1-21] contain discussion on the following items:
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

In this summary, we highlight some discussion points, and provide some comments and recommendations for actions to follow during the 3GPP RAN1#95 meeting.
N1/N2 for Rel. 16 eURLLC
In NR Rel. 15 [22], 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



The remainder of this section presents the companies’ views on whether introducing a new timing capability for Rel. 16 NR eURLLC is justified. Overall, nine companies ([1], [3], [4], [6], [8], [12], [13], [14], [19]) shared their views on this topic.

Reasons for Introducing a New Timing Capability
· For eURLLC, the latency requirements are in order of 1ms/0.5ms. Even the aggreasive timing capability #2 is inadequate for achieving the 1ms latency constraint [1].
· Reducing the N2 value allows for more re-transmissions within the latency bound of 1ms [3].
· Considering the eURLLC stringent latency/reliability requirements, single-shot transmission calls for extremely conservative scheduling scheme, which is resource inefficient [13]-[14].
· Under the Rel. 15 N1/N2 values, completing 3 HARQ-based PDSCH transmissions (even assuming multiple HARQ-ACK reporting per slot) or 2 HARQ and SR based PUSCH transmissions within the latency bound of 1ms is not feasible [19]. 




Figure 1: Required time for completing 3 PDSCH transmissions with seven PDCCH monitoring occasions per slot.



Figure 2: Required time for completing 2 SR-based PUSCH transmissions with seven PDCCH monitoring occasions per slot and N2 = N4 = 5.5 symbols.









Companies’ Proposals on Reducing N1/N2
One company [1] proposes to reduce both N1/N2 for Rel. 16 eURLLC: 
	Configuration
	HARQ Timing
(in #OS)
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	Front-loaded DMRS only
	N1
	2.5
	2.5
	5
	10

	Frequency-first RE-mapping
	N2
	2.5
	2.5
	5
	10



One company [3] proposes to reduce the N1/N2 values as compared to the UE capability timing #2 of NR Rel. 15.
One company [6] proposes to consider the NR Rel. 15 N1/N2 capability timing 2 as the starting point, and first focus on the scenarios for which the Rel. 15 design has left room for improvement. These cases are:
· PDSCH with mapping type A and short durations
· PDSCH and PUSCH for SCS = 60KHz
· PUSCH preparation timing for SCS = 15/30KHz.
It is also mentioned that reducing the N1/N2 values for Rel. 16 eURLLC should consider the scope of enhancements for other physical channels.
One company [12] proposes to study the possibility of supporting a new processing timing capability only for grant-based PUSCH and at least for the case of SCS = 15KHz.
One company [13] proposes to consider the following values for NR eURLLC: 
	Processing time (symbols)
	Configuration
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	N1
	Front-loaded DMRS
	2.5
	2.5
	4.5
	9.5

	N2
	Freq-first RE-mapping
	2.5
	2.5
	4.5
	9.5



One company [14] proposes to introduce more stringent UE processing capabilities for eURLLC. Also, in order to reduce the HARQ latency, it is proposed to obtain the early HARQ feedback by relying on received Log-Likelihood ratiosn; this scheme can be implemented by evaluating the LLRs associated with the entire codeword or a portion of the CBs received over the first symbol of PDSCH.
One company [19] proposes to reduce the N1/N2 values as compared to the NR Rel. 15 capabilities if the gains are justified, while considering the constraints that relax the UE’s processing complexity, e.g., TBS or number of allocated RBs, number of layers, number of BDs and non-overlapping CCEs that the UE has to monitor. Further, in order to reduce the gNB’s processing time, it is proposed to reduce the number of HARQ processes.


Reasons for NOT Introducing a New Timing Capability
· NR Rel. 15 timing capability #2 for PDSCH processing is sufficient to meet eURLLC requierments. The NR Rel. 15 PUSCH preparation timing capability #2 is sufficient to meet the URLLC requirements under dynamic grant scheme and with large SCS, e.g., 60KHz. For smaller SCS values, e.g., 15KHz, uplink transmission can be based on configured grant operation [4].

Maximum number of HARQ transmissions permitted for different subcarrier spacing and PDSCH size.
	PDSCH size
	15kHz
	30kHz
	60kHz

	2OS
	2
	3
	4

	4OS
	2
	3
	4

	7OS
	1
	2
	3


 
· Since not all UEs will be able to support the new timing capability, re-use the NR Rel. 15 capabilities for Rel. 16 eURLLC, while considering further processing restrictions such as a reduction in the number of monitored PDCCH candidates. To do this, one approach is to consider a group scheduling mechanism, wherein multiple UEs can be scheduled using a single GC-PDCCH [8].
· Feature lead comment: The reason for reducing the number of blind decodes, while no new timing is introduced is not clear. Please clarify. 

· Considering the NR Rel. 15 design, only grant-based PUSCH cannot meet the latency requirement of 1ms in case of FDD/TDD and SCS of 15KHz. In such a case, grant-free PUSCH can be used. In case of downlink TDD, 1ms latency requirement can be met in case of resource mapping type B and UE capability 2 depending on TDD configurations [12].

AI for 3GPP RAN1 #95
Recommendation: Further discuss during the 3GPP RAN1 #95 with the focus on the following items:
· Identify the scenarios/operation for which introducing a new timing capability can bring gains to NR eURLLC operation. The possible discussion points based on the companies’ feedback are:
· If introduced, the new SCS-dependent timing capability for N1/N2 is aaplicable to all scenarios.
· If introduced, the new SCS-dependent timing capability for N1/N2 is applicable to a subset of scenarios as follows:
· PDSCH with mapping type A and short durations
· PDSCH and PUSCH for SCS = 60KHz
· PUSCH preparation timing for SCS = 15/30KHz
· Grant-based PUSCH for at least SCS = 15KHz.
· If the new timing capability is introduced, the possible scheduling constraints or schemes to reduce the UE’s processing complexity is studied. The starting point for discussion is:
· Investigating the need for limiting the TBS/#allocation RBs/#layers/#BDs and non-overlapping CCEs for supporting the new capability timing in downlink and/or uplink.
· Investigating the need for introducing schemes allowing a UE to feedback an early HARQ-ACK. 
· Study the schemes for ensuring reduced gNB’s processing time.




[bookmark: _Hlk529985051][bookmark: _Hlk529967650]Offline Proposal:
· In order to evaluate the necessity of introducing a new N1/N2 timing capability in Rel. 16 eURLLC, RAN1 should provide the following aspects:
· Perform latency analysis to identify the set of scheduling configuration parameters for which the eURLLC latency requirement(s) can/cannot be satisfied under the NR Rel. 15 timing capabilities.
· To do this, the worst-case achievable latency should be considered.
· Perform system-level and/or link-level evaluations to investigate the gains brought by reducing N1/N2 and allowing for more (re-)transmissions within the eURLLC latency budget.
· For system-level evaluation, the performance metrics agreed for Rel. 16 eURLLC SI are the baseline.
· For link-level evaluation, at least the resource efficiency, i.e., the total number of REs used for completing the transmission of a TB, should be reported. The number of transmissions for successfully decoding a TB and the target BLER for each transmission should be reported.
· For both system-level and link-level evaluations, the simulation parameters agreed for Rel. 16 eURLLC SI are the baseline.
· For all aspects, the comparison reference point is Rel. 15 NR capability timing 2 for FR1 and Rel. 15 NR capability timing 1 for FR2.
· For all aspects, companies should report the assumed values for the following parameters:
· Alignment latency 
· The considered N1/N2 values
· SR periodicity in case at least the first PUSCH Tx is based on a dynamic grant.
· SR Tx to initial PUSCH grant processing time 
· PDCCH monitoring periodicity 
· The number of BDs/non-overlapping CCEs per monitoring occasion should be reported.
· For the purpose of this study, the possibility of enhancing the number of non-overlapping CCEs/BDs for NR eURLLC can be considered.
· Type-B time-domain allocation length for PDSCH/PUSCH channels 
· Time-domain allocation length for PDCCH, SR and PUCCH
· UE and gNB PDSCH/PUSCH decoding time
· For the evaluations, HARQ-ACK to reTx PDCCH  and PUSCH to reTx PDCCH processing time at the gNB could be assumed to be identical to N2 and N1, respectively. 
· The number of PUCCHs carrying HARQ-ACK per slot.
· Companies can report operation constraints (e.g., cDCI, TB size, #RBs, #layers, #CCs, etc.) needed to enable reducing N1/N2.
· Note: If TDD is assumed, the DL/UL configurations should be reported.
 
	Company
	Comment

	
	

	
	




CSI Computation Timing for NR eURLLC
In NR Rel. 15 [22], 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 delay requirement for Rel. 16 NR eURLLC is justified. Overall, seven companies ([1], [2], [3], [6], [12], [13], [19]) shared their views on this topic.

Reasons for Introducing a New CSI Computation Delay Requirement
· 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.) The CSI requirement 2 is therefore about 5x longer than what it would be if the requirement were that only a single CSI report would need to be computed [1].
· The P/SP-CSI feedback period cannot be configured to be always very short for all URLLC UEs, since the short-period for P/SP-CSI feedback would consume large amount of uplink resources and increases the UE’s power consumption [2], [13].
· When the HARQ feedback delay is smaller than the CSI computation delay, then the A-CSI reporting should be later than the HARQ feedback if the DL grant scheduling PDSCH and the grant triggering A-CSI are in the same time domain resource. Hence, there would be two choices for the gNB implementation when the HARQ feedback delay value is smaller than the CSI computation delay [2]:
· Case 1: If gNB sends the re-transmission grant right after receiving the HARQ-ACK feedback, it cannot use the latest channel condition for a better link adaptation.
· Case 2: gNB postpones the re-transmission grant until if receives the A-CSI report. This, however, increases the latency.


[image: ]
Figure 3: Issue of current CSI computation delay

· A small CSI computation timeline allows the gNB to have access to accurate CSI, thereby increasing the system capacity [3], [14], [19].

Companies’ Proposals on Reducing CSI Computation Timeline
One company [1] proposes to introduce a new CSI computation delay requirement for triggering only a single CSI report, where the Z/Z’ values are reduced by a factor of 5 as compared to NR Rel. 15 delay requirement 2.
One company [2] proposes to adopt the values reported in the following table for supporting the new CSI computation delay requirement:
	[image: ]
	Z1 [symbols]

	
	Z1
	Z'1

	0
	5
	4

	1
	6.5
	5.5

	2
	13
	11

	3
	22
	18



· Three companies [3], [13], [19] propose to introduce a new CSI computation delay requirement for Rel. 16 eURLLC. The exact Z/Z’ values are not presented. 
· Two companies [13], [19] propose to consider certain conditions for relaxing the UE’s complexity in supporting the new CSI computation delay requirement. 
· One company [19] further proposes to study the impact of reducing the number of CSI-RS ports or relying on the DL DMRS for CSI computation on reducing the CSI computation timeline.

Reasons for NOT Introducing a New CSI Computation Delay Requirement
· The benefits of a very fast CSI feedback for link adaptation for re-transmission scheduling may be limited in practice [6]. 
· The additional benefits on top of outer-loop link adaptation are questionable [6].
· CSI computation timing enhancement can severely increase the UE’s complexity [6].
· For periodic traffic type, the NR Rel. 15 periodic CSI reporting schemes can be re-used [12].
· For aperiodic traffic type, the aperiodic CSI report cannot be utilized for the initial transmission [12].

AI for 3GPP RAN1 #95
Recommendation: Further discuss during the 3GPP RAN1 #95. The starting point is to identify the benefits of reducing the CSI computation timeline.  
	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 and a HARQ process, PDSCH to HARQ-ACK
· For a given serving cell and any two HARQ process, PDCCH to PDSCH
· For any scheduled cell and any two HARQ process, PDCCH to PUSCH
· For any HARQ process, PDCCH with C-RNTI or MCS-RNTI to PUSCH.

The remainder of this section presents the companies’ views on whether introducing a new timing capability for Rel. 16 NR eURLLC is justified. Overall, thirteen companies ([1], [2], [5], [6], [7], [8], [9], [11], [12], [13], [15], [16], [17]) shared their views on this topic.

Reasons for Allowing Out-of-Order HARQ and Scheduling 
· For a UE supporting traffic types with different requirements, relaxing the HARQ-ACK and PUSCH scheduling limitations allows for faster scheduling of packets of a higher priority [1], [5], [7], [8], [11], [12], [15], [16], [17].



Figure 4: HARQ feedback timeline restriction in NR R15.


· HARQ-based re-transmission based on the current CSI cannot be implemented efficiently [2].

[image: ]
Figure 5: DL of Out-of-Order HARQ for the same HARQ process under the scheduling limitation.

· If cross-slot scheduling is used for eMBB, URLLC suffers from large latency [9].
· Although ou-of-order PDSCH scheduling should not be a significant issue, allowing for out-of-order PUSCH scheduling is important for UEs supporting multiple traffic types [13].

Companies’ Proposals on Allowing Out-of-Order HARQ and Scheduling
Six companies ([1], [5], [9], [11], [16], [17]) propose that out-of-order HARQ and out-of-order PDSCH/PUSCH scheduling limitations of Rel. 15 should be relaxed: 
· In [5], it is proposed to introduce a UE capability for supporting the out-of-order HARQ.
· In [9], it is proposed that the PUCCH corresponding to the later grant can cancel/stop the PUCCH corresponding to the previous grant.
· In [11], it is proposed that the power control mechanism should be revisited when out-of-order PUSCH scheduling is supported.
· In [17], it is proposed that different traffic types should be distinguished by different RNTIs.

One company [7] proposes to relax the out-of-order HARQ and PUSCH scheduling in Rel. 16. Further, [7] proposes  to avoid CA configurations that may lead to not supporting the timing capability 2 for eURLLC. 
Three companies ([2], [8], [15]) propose to support out-of-order HARQ reporting:
· In [15], it is further proposed that this topic should be studied jointly with RAN2 and under the intra-UE prioritization/multiplexing topic. 
· This contribution paper [15] also proposes that if out-of-order HARQ reporting is allowed, the UE can dismiss the first received PDSCH and instead report a NACK or DTX over its assigned PUCCH resource. Adopting separate PUCCH configurations for URLLC and eMBB is also mentioned.
One company [12] supports the idea of out-of-order HARQ reporting, and further proposes to study the required UE capability and related UE behaviours.
One company [13] proposes to allow for out-of-order HARQ reporting and PUSCH scheduling, while further styding the need for out-of-order PDSCH scheduling.
One company [6] proposes to study the gains from allowing out-of-order HARQ reporting and PUSCH scheduling only after the outcome of the RAN2 discussions on intra-UE multiplexing methods is finalized.

Reasons for NOT Allowing Out-of-Order HARQ and Scheduling
· Out-of-order PDSCH scheduling can be avoided by reducing the gap between the PDSCH and its associated PDCCH [6], [13].
· The gains of allowing for out-of-order PUSCH scheduling as compared to the additional UE complexity that it may bring are unclear [6].

AI for 3GPP RAN1 #95
Recommendation: Further discuss during the 3GPP RAN1 #95. 
	Company
	Comment

	
	

	
	



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 [3] 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.

AI for 3GPP RAN1 #95
Recommendation: Further discuss.
	Company
	Comment

	
	

	
	









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.



Figure 7: HARQ and PUSCH multiplexing timeline restriction for semi-static HARQ codebook.


Figure 8: HARQ and PUSCH multiplexing timeline restriction for dynamic HARQ codebook.

Companies’ Proposals for Case 1
One company [3] proposes that for scheduling eURLLC in a timely manner, the cancellation timline should be reduced.
AI for 3GPP RAN1 #95
Recommendation: Further discuss.
	Company
	Comment

	
	

	
	

	
	




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.


AI for 3GPP RAN1 #95
Recommendation: Further discuss.
	Company
	Comment
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