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1. Introduction
Email discussions on supporting new QoS have been discussed in [1][2][3]. This contribution looks at difficulty in supporting N>1 from the perspective of processing time of wireless signal in gNB and UE to meet 0.5ms requirement for IIoT. Based on the analysis, we show proposals.
2. The value of N
RAN2 agreed to carry on HARQ-NACK solution discussion [3].

Agreements

1. RAN2 does not assume that physical HARQ-NACK messages are always available, i.e. RAN2 will not mandate explicit HARQ-NACK feedback

2. RAN2 will at least continue working and discussing the HARQ NACK solution.  Details are FFS.

In the last RAN2 meeting, RAN2 is taking email discussion on this topic, and the tentative summary has been provided by the rapporteur as a result of email discussion. The remaining FFS is the value of N.
[Summary] Option 1: 11/19, Option 2: 8/19. There is slightly more companies prefer fixing N=1. Considering majority companies support, in Q6, that MAC entity is to handle the counting of N if Option 2 would be chosen, there is no impact of different N values outside of MAC entity. Fixing N=1 can be regarded as baseline and we can further discuss whether N can be larger than 1 in Stage-3 CR phase.
Proposal 5: Fixing N=1 is baseline, further discuss whether N can be larger than 1.
On this (temporary) summary, we have updated our views and the reason for that is provided below (Note that we were supportive to specify N can be larger than 1.)
· First, it must be stressed here that the survival time is stringent and 0.5ms is extremely short from the viewpoint of processing time in gNB. The high-speed pipeline processing and high-speed CPU with hardware accelerator to boost the processing (e.g. [4]) seems to be derived only based on consideration from the perspective of UE side processing. From the gNB side perspective, the gNB needs to deal with packet scheduling and ACK/NACK determination for multiple serving UEs (It is up to 100 according to the requirement of SA2 TS22.104), so that additional processing time need to be considered (which is defied by X ms). Therefore, without this point, it is too premature to agree on N larger than 1.
· Looking at views to support N larger than 1, the main driver is to support survival time of 1.0ms and 2.0ms. However, the rational is questionable for the gNB to support configurable number of N. As stated above, only N=1 must be supportable for survival time of 0.5ms. As such, only N=1 would be also supported for survival time 1.0ms and 2.0ms from the viewpoint of universal hardware architecture. In addition, in principle, relying on RTT-based failure recovery i.e. HARQ NACK and HARQ retransmission doesn’t work given that there can be potential transmission error of HARQ NACK signaling. It should consider other recovery method (In the following, such a method would be shown).
In addition to these views, theoretical analysis will be shown below according to the model of [5].
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Figure 5.7.1.1-1 User plane procedure for evaluation


The processing time of wireless signal of gNB and UE is denoted as follow, respectively:

gNB processing time (TBS) = tBS,rx + tBS,tx

UE processing time (TUE) = tUE,rx + tUE,tx
The above equations can be further extracted as follow, respectively (Tproc,1 and Tproc,2 are defined in [6]):

gNB processing time (TBS) = tBS,rx + tBS,tx = Tproc,1/2+ Tproc,2/2 

UE processing time (TUE) = tUE,rx + tUE,tx = Tproc,2/2+ Tproc,1/2
Here, Tproc,1 and Tproc,2 is defined as follow, respectively c:


Tproc,1 = (N1 + d1,1 + d2)(2048 + 144) * k * 2-μ *Tc + Text

Tproc,2 = max {(N2 + d2,1 + d2)(2048 + 144) * k2 * 2-μ *Tc + Text + Tswitch, d2,2 }
Now, this processing model of wireless signal is applied to IIoT scenario, which is depicted as follow.
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First, let us assume the following values to calculate Tproc,1 and Tproc,2, respectively:


d1,1, d2, d2,1, d2,2 = 0


k = 64 (defied as LTE sampling time/5G NR sampling time = Ts/Tc)


Tc = 0.509ns (defied as 1/(Δfmax*Nf), where Δfmax = 480KHz, Nf = 4096 (i.e. FFT size))


N1, N2 = 5 (SCS=15KHz), 5.5 (SCS=30KHz), 11 (SCS=60KHz) [Table 6.4-2, 6]
Then,

Tproc,1 = (N1+0+0)(2048+144)*64*2-u*0.509+0 [us], wherein μ = 0,1,2 (i.e. SCS = 15, 30, 60KHz)

Tproc,2 = max {(N2+0+0)(2048+144)*64*2-u*0.509+0+0, 0} [us], wherein μ = 0,1,2
	Latency [ms]
	μ = 0
	μ = 1
	μ = 2

	Tproc,1/2
	0.089258
	0.044629
	0.040166

	Tproc,2/2
	0.089258
	0.046629
	0.040166


Finally, the total time from URLLC data arrival to URLLC data delivery completion can be formulated as follow.


Total time with N=1 = (Tproc,1/2 + Tproc,2/2)*2
+ PDCCH and PUSCH processing time (= total 2 sym.)

+ average symbol alignment time at the beginning of the procedure (= 0.5 sym.)

+ UL data packet transmission (= assuming CG resource with 2 sym.)

+ X (= packet scheduling latency in gNB)
NOTE: Total time with N = 2 and 3 can also be similarly derived based on Tproc,1/2 and Tproc,2/2.
	Total time [ms]
	μ = 0
	μ = 1
	μ = 2

	N=1
	1.142692 + X
	0.598118 + X
	0.432946 + X

	N=2
	1.928297 + X
	1.13092 + X
	0.700754 + X

	N=3
	2.713901 + X
	1.593723 + X
	0.968562 + X


With this theoretical analysis, it is proved that ST of 0.5ms can only be achieved in case of N=1 with SCS=60KHz (See the red text). In other word, the ST requirement is never met in case of N>1 with any SCSs. Findings of this result would be summarized below.

· The above analysis based on [5] is carried out by basic assumptions, where one UE is served. On the other hand, in case of practical deployment, gNB needs to serve multiple UEs, for which the value of X needs to be considered. In addition, some values e.g. frame alignment of 0.5 symbol seems to be challenging. Therefore, the total time in practice is likely to become larger than the analytical total time. In this sense, it may be even questionable if N=1 with SCS=60KHz is able to meet the requirement of ST of 0.5ms.
· The value of N should be able to be universally configured regardless of ST values. N=1 should be the only value. Some companies are supporting to specify N>1 with the rationale that it is useful to support N>1 in case of STL = 1.0ms and 2.0ms. However, it is questionable if there are gNBs which wish to configure N>1 in IIoT system in practice, given that most gNB vendors are supporting N=1 according to [3]. Therefore, most of gNBs is going to use N=1. Specifying only N=1 in ASN.1 is enough in Rel-17.
Proposal 1:
Only N=1 must be supported regardless of survival time length.
3. Boosting time domain resource
Regardless of the discussion about how to set the value of N, in principle, relying on RTT-based failure recovery i.e. HARQ NACK and HARQ retransmission doesn’t work since there can be potential transmission error of HARQ NACK signaling. It should consider other recovery method.

More specifically, it is resource boosting in time domain. In the current RAN2 discussion, PDCP duplication is only considered for resource boosting during survival time mode. This solution can be categorized as frequency domain resource boosting by using different frequency domain i.e. CA and DC. Looking at time domain resource boosting, why does RAN2 only stick to the HARQ retransmission? With stringent processing requirement in IIoT system, such an RTT-based failure recovery has disadvantage as state above that is error of HARQ NACK signaling. Rather than relying on HARQ retransmission, it is more valuable to rely on time domain resource boosting including PUSCH repetition. In the current NR standard, PUSCH types A and B have been already specified, which can be free to use during survival time without change of the current specifications. RAN2 should take this into account.
Proposal 2: Time domain resource boosting must be fully used during survival time mode.
4. Exit condition of STS
Finally, exit condition of STS has been proposed in [7] but there were no conclusion reached in RAN2. There are couple of options to be considered to exit STS.
Option 1: NW sends MAC CE to reconfigure legs and activation/deactivation status of PDCP duplications. No specification change is foreseen.

Option 2: STS timer is newly defined, which starts upon entry of STS and expires upon exist of STS.

Option 3: Others.

Among three options, Option 1 works. If Option 1 needs to be captured in RAN2 specifications, it may be good to capture some simple statement in Stage 2 specification.
Proposal 3: RAN2 is asked to discuss if Option 1 would be the exit condition of STS among three Options.
5. Summary of Proposals
Proposal 1:
Only N=1 must be supported regardless of survival time length.
Proposal 2: Time domain resource boosting must be fully used during survival time mode.
Proposal 3: RAN2 is asked to discuss if Option 1 would be the exit condition of STS among three Options.
Option 1: NW sends MAC CE to reconfigure legs and activation/deactivation status of PDCP duplications. No specification change is foreseen.

Option 2: STS timer is newly defined, which starts upon entry of STS and expires upon exist of STS.

Option 3: Others.
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Appendix: TS38.214 [6]
Just for reference, the PDSCH and PUSCH processing time is shown below [6].
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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	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 higher layer parameter is not configured 

	0
	8
	N1,0 (Note)

	1
	10
	13

	2
	17
	20

	3
	20
	24


Note: If the PDSCH DM-RS position l_1 for the additional DM-RS in Table 7.4.1.1.2-3 in clause 7.4.1.1.2 of [4, TS 38.211] is l_1=12 then N1,0=14 in Table 5.3-1, otherwise N1,0=13.
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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	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
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	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1
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