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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#95 we agreed on the following:

Agreements:
· In order to evaluate the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC, the following aspects should be considered:
· 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 applied.
· For link-level evaluation, at least the resource efficiency, i.e., the average 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 the first PUSCH Tx is based on a dynamic grant
· SR reception to initial PUSCH grant processing time at the gNB
· 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
· The HARQ-ACK to reTx PDCCH  and PUSCH to reTx PDCCH processing time at the gNB 
· The maximum number of possible PUCCH transmissions carrying HARQ-ACK per slot
· Companies can report operation constraints (e.g., compact DCI, TB size, #RBs, #layers, #CCs, etc.) needed to enable reducing N1/N2.
· Note: If TDD is assumed, the DL/UL configurations should be reported.

This contribution discusses some considerations on UE processing timeline.  

2. Discussions
The low latency requirement of URLLC is ideally satisfied using a one shot transmission, i.e. using only one single HARQ transmission (without any retransmission) for the PDSCH or PUSCH.  However, given the high reliability requirement of URLLC, a one shot transmission would lead to high resource usage or low spectral efficiency to ensure the single transmission meets the extremely low BLER.  Therefore retransmission of PDSCH or PUSCH is highly beneficial.  
We evaluate the delay incurred due to retransmission for PDSCH and PUSCH using type B mapping.  The Rel-15 UE processing capability 2 [1] for PDSCH decoding (N1) and PUSCH preparation (N2) as summarised in Table 1 are used as the baseline.  
[bookmark: _Ref534902770]Table 1: UE processing time for PDSCH & PUSCH for Processing Capability 2 [1]
	Subcarrier Spacing
	PDSCH decoding time N1 (symbols)
	PUSCH preparation time N2 (symbols)

	15 kHz
	3
	5

	30 kHz
	4.5
	5.5

	60 kHz
	9 for FR1
	11 for FR1



For the gNB processing, we assume that
· Processing time for PUCCH  is 
· Processing time for PUSCH is 

2.1 PDSCH Transmission
Figure 1 shows a 4× HARQ retransmission of a 7 symbols duration PDSCH operating in 30 kHz using UE Processing Capability 2.  The overall PDSCH latency TPDSCH is defined as the start of the PDCCH scheduling the 1st PDSCH, i.e. at t1 in Figure 1 till the end of the last PDSCH, i.e. at time t15.  It should be noted that a PDSCH does not cross slot boundaries and hence if a PDSCH is ready to be scheduled but there are not sufficient OFDM symbols left in the slot at that time, the PDSCH will be scheduled in the following slot.  In the example in Figure 1, at time t1, the 1st PDSCH is available but there are only 6 OFDM symbols left between time t1 and the end of Slot n at time t2.  Hence, the PDSCH needs to be aligned with Slot n+1 causing a delay of Talign, which would add to the overall latency TPDSCH.  It should be appreciated that Talign depends on the OFDM symbol in which the PDSCH is available which we assumed to be the same time the PDCCH is transmitted. In this evaluation we will consider all starting OFDM symbols of the 1st PDCCH and calculate the corresponding TPDSCH.  The maximum latency TPDSCH is reported for each scenario.

[image: ]
[bookmark: _Ref534908351]Figure 1: Timeline for PDSCH HARQ transmissions

We consider two processing capabilities, i.e., the baseline Processing Capability 2 and a new faster capability New Processing Capability, where the new processing is twice as fast as that in Processing Capability 2.  The parameters used are summarised Table 2.
[bookmark: _Ref534970255]Table 2: PDSCH timeline parameters
	Parameters
	Processing Capability 2
	New Processing Capability

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	N1 (symbols)
	3
	4.5
	9
	1.5
	2.5
	4.5

	N3 (symbols)
	3
	3
	6
	2
	2
	3

	PDCCH duration (symbols)
	1

	PDSCH duration (symbols)
	2, 7

	PUCCH duration (symbols)
	1



The maximum latency TPDSCH in ms are summarised in Table 3.  We assume that the target requirement for TPDSCH is ≤ 1 ms, and the latencies above 1 ms are coloured in red.  
For 15 kHz SCS, with UE Processing Capability 2, it can at most achieve 2 PDSCH transmission within 1 ms and improving the processing capability does not increase the number of HARQ transmission.  For PDSCH duration of 7 symbols, there is no improvement to TPDSCH since the latency is dominated by the PDSCH duration rather than N1 or N3.  Hence there is no point improving the processing capability for 15 kHz.
Observation 1: For 15 kHz subcarrier spacing, reducing N1 by half does not increase the number of PDSCH HARQ transmission within 1 ms.



[bookmark: _Ref534971188]Table 3: PDSCH latency, TPDSCH
	Subcarrier Spacing
	PDSCH Duration (symbols)
	Processing Capability 2
	New Processing Capability

	
	
	1st Tx
	2nd ReTx
	3rd ReTx
	4th ReTx
	1st Tx
	2nd ReTx
	3rd ReTx
	4th ReTx

	15 kHz
	2
	0.21
	0.93
	1.64
	2.36
	0.21
	0.79
	1.36
	1.93

	
	7
	0.93
	1.93
	2.93
	3.93
	0.93
	1.93
	2.93
	3.93

	30 kHz
	2
	0.11
	0.54
	0.96
	1.39
	0.11
	0.43
	0.75
	1.11

	
	7
	0.46
	1.04
	1.61
	2.18
	0.46
	0.96
	1.46
	1.96

	60 kHz
	2
	0.05
	0.39
	0.73
	1.07
	0.05
	0.27
	0.48
	0.70

	
	7
	0.23
	0.73
	1.23
	1.73
	0.23
	0.52
	0.80
	1.09



For 30 kHz, reducing N1 and N3 by half, increases the number of HARQ retransmissions for PDSCH by one additional transmission, which is beneficial.
Observation 2: For 30 kHz subcarrier spacing, reducing N1 and N3 (gNB PUCCH processing time) by half, increases the number of a 7 symbol PDSCH HARQ retransmission by 1 within 1 ms, i.e. from 1 to 2 HARQ transmission within 1 ms.

For 60 kHz, reducing N1 and N3 by half, increases the number of HARQ retransmissions for PDSCH by one additional transmission, which is beneficial.
Observation 3: For 60 kHz subcarrier spacing, reducing N1 and N3 (gNB PUCCH processing time) by half, increases the number of PDSCH HARQ retransmission by 1 within 1 ms, thereby::
· For 2 symbols PDSCH duration, the number of PDSCH HARQ transmission increases from 3 to 4 within 1 ms
· For 7 symbols PDSCH duration, the number of PDSCH HARQ retransmission increase from 2 to 3 within 1 ms

It is therefore not beneficial to increase the UE processing capability for 15 kHz subcarrier spacing but beneficial to increase the UE processing capability for 30 kHz and 60 kHz subcarrier spacing.  It should also be noted that here we assume that the gNB processing capability for PUCCH is improved accordingly.
Proposal 1: The UE processing capability for PDSCH decoding (N1) for 15 kHz is not increased further
Proposal 2: The UE processing capability for 30 kHz and 60 kHz are increased for PDSCH decoding, i.e. reduce N1 to 2.5 and 4.5 symbols respectively.

2.2 PUSCH Transmission
Figure 2 shows a timeline for 3 PUSCH HARQ transmissions of a 7 symbols PUSCH operating in 30 kHz SCS.  The overall PUSCH latency is defined as the start of the SR transmission (using a PUCCH) to the end of the last PUSCH transmission, i.e. from t1 to t15 in Figure 2.  Similarly to the PDSCH scenario, a PUSCH cannot cross slot boundaries and hence depending on the start of the PDCCH, the PUSCH may need to be transmitted in the next slot.  For example in Figure 2, after receiving the SR at time t2, the PUSCH is ready to be scheduled at time t3, and here we assume the PDCCH is transmitted when the gNB finishes processing the SR.  Since the UE requires N2 symbols to prepare the PUSCH, the earliest that it can be transmitted is at time t5, which leads to the PUSCH crossing the slot boundary.  Hence the PUSCH is delayed by Talign so that it can start its transmission at the beginning of Slot n+1.  The PUSCH latency TPUSCH therefore depends on the start of the SR and we calculate TPUSCH for all starting positions in Slot n and record the maximum TPUSCH.
[image: ]
[bookmark: _Ref534974574]Figure 2: Timeline for PUSCH HARQ transmissions

We consider two processing capabilities, i.e., the baseline Processing Capability 2 and a new faster capability New Processing Capability, where the new processing is twice as fast as those in Processing Capability 2.  The parameters used are summarised Table 4.
[bookmark: _Ref534980879]Table 4: PUSCH timeline parameters
	Parameters
	Processing Capability 2
	New Processing Capability

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	N2 (symbols)
	5
	5.5
	11
	2.5
	2.5
	5.5

	N3 (symbols)
	3
	3
	6
	2
	2
	3

	N4 (symbols)
	2
	3
	5
	1
	2
	3

	PDCCH duration (symbols)
	1

	PUSCH duration (symbols)
	2, 7

	PUCCH duration (symbols)
	1



The maximum latency TPUSCH in ms are summarised in Table 5.  We assume that the target requirement for TPUSCH is ≤ 1 ms, and the latencies above 1 ms are coloured in red.  
For 15 kHz subcarrier spacing, it can be observed that there is no increase in the number of PUSCH HARQ transmission within 1 ms when the UE processing time N2 is reduced by half.
Observation 4: For 15 kHz subcarrier spacing, reducing N2 by half does not increase the number of PUSCH HARQ transmissions within 1 ms.
 
[bookmark: _Ref534986420]Table 5: PDSCH latency, TPUSCH
	Subcarrier Spacing
	PUSCH Duration (symbols)
	Processing Capability 2
	New Processing Capability

	
	
	1st Tx
	2nd ReTx
	3rd ReTx
	4th ReTx
	1st Tx
	2nd ReTx
	3rd ReTx
	4th ReTx

	15 kHz
	2
	0.93
	1.71
	2.50
	3.29
	0.71
	1.21
	1.71
	2.21

	
	7
	1.64
	2.71
	3.79
	4.86
	1.43
	2.43
	3.43
	4.43

	30 kHz
	2
	0.50
	0.93
	1.36
	1.79
	0.36
	0.64
	0.93
	1.21

	
	7
	0.86
	1.46
	2.07
	2.86
	0.71
	1.21
	1.71
	2.21

	60 kHz
	2
	0.39
	0.73
	1.07
	1.41
	0.25
	0.46
	0.68
	0.89

	
	7
	0.50
	0.93
	1.36
	1.61
	0.43
	0.73
	1.04
	1.43



For 30 kHz, reducing the N2, N3 and N4 by half increases the number of PUSCH HARQ transmission from 2 to 3 within 1 ms period, for a 2 symbol PUSCH but it does not lead to any increase in HARQ transmission for 7 symbol PUSCH.  This can offer benefit for short duration PUSCH.
Observation 5: For 30 kHz subcarrier spacing, reducing N2, N3 & N4 (gNB PUCCH & PUSCH processing time) by half, increases the number of a 2 symbol PDSCH HARQ retransmission by 1 within 1 ms, i.e. from 2 to 3 HARQ transmission within 1 ms.

For 60 kHz, reducing the N2, N3 and N4 by half increases the number of PUSCH HARQ transmission for 2 symbols PUSCH from 2 to 4 but it does not increase the number of PUSCH HARQ transmission for 7 symbols PUSCH.  This offers significant benefit.
Observation 6: For 60 kHz subcarrier spacing, reducing N2, N3 & N4 (gNB PUCCH & PUSCH processing time) by half, increases the number of a 2 symbol PDSCH HARQ retransmission by 2 within 1 ms, i.e. from 2 to 4 HARQ transmission within 1 ms.

It is therefore not beneficial to increase the UE processing capability for 15 kHz subcarrier spacing but beneficial to increase the UE processing capability for 30 kHz and 60 kHz subcarrier spacing.  It should also be noted that here we assume that the gNB processing capability for PUCCH & PUSCH are improved accordingly.
Proposal 3: The UE processing capability for PUSCH preparation (N2) for 15 kHz is not increased further
Proposal 4: The UE processing capability for 30 kHz and 60 kHz are increased PUSCH preparation, i.e. reduce N2 to 2.5 and 5.5 symbols respectively.

3. Conclusion
In this contribution we evaluate the HARQ transmission timeline for PDSCH & PUSCH.  We observe the following:
Observation 1: For 15 kHz subcarrier spacing, reducing N1 by half does not increase the number of PDSCH HARQ transmission within 1 ms.
Observation 2: For 30 kHz subcarrier spacing, reducing N1 and N3 (gNB PUCCH processing time) by half, increases the number of a 7 symbol PDSCH HARQ retransmission by 1 within 1 ms, i.e. from 1 to 2 HARQ transmission within 1 ms.
Observation 3: For 60 kHz subcarrier spacing, reducing N1 and N3 (gNB PUCCH processing time) by half, increases the number of PDSCH HARQ retransmission by 1 within 1 ms, thereby::
· For 2 symbols PDSCH duration, the number of PDSCH HARQ transmission increases from 3 to 4 within 1 ms
· For 7 symbols PDSCH duration, the number of PDSCH HARQ retransmission increase from 2 to 3 within 1 ms

[bookmark: _GoBack]Observation 4: For 15 kHz subcarrier spacing, reducing N2 by half does not increase the number of PUSCH HARQ transmissions within 1 ms.
Observation 5: For 30 kHz subcarrier spacing, reducing N2, N3 & N4 (gNB PUCCH & PUSCH processing time) by half, increases the number of a 2 symbol PDSCH HARQ retransmission by 1 within 1 ms, i.e. from 2 to 3 HARQ transmission within 1 ms.
Observation 6: For 60 kHz subcarrier spacing, reducing N2, N3 & N4 (gNB PUCCH & PUSCH processing time) by half, increases the number of a 2 symbol PDSCH HARQ retransmission by 2 within 1 ms, i.e. from 2 to 4 HARQ transmission within 1 ms.

We propose the following:
Proposal 1: The UE processing capability for PDSCH decoding (N1) for 15 kHz is not increased further
Proposal 2: The UE processing capability for 30 kHz and 60 kHz are increased for PDSCH decoding, i.e. reduce N1 to 2.5 and 4.5 symbols respectively.
Proposal 3: The UE processing capability for PUSCH preparation (N2) for 15 kHz is not increased further
Proposal 4: The UE processing capability for 30 kHz and 60 kHz are increased PUSCH preparation, i.e. reduce N2 to 2.5 and 5.5 symbols respectively.
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