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1
Introduction
In RAN1 #88bis and #89, the following agreements were made towards analyzing the feasibility / gain of PC5 operation with sTTI:

	Agreement:
· For study of PC5 operation with short TTI

· Evaluation of sTTI performance is done by means of analysis, link level and system level simulation

· Maximum latency between packet arrival at Layer 1 and resource selected for transmission improvement with sTTI compared with Rel-14 is evaluated

· Other latency improvements can be evaluated

· Improvement reliability can be considered including retransmission if used

· Impact on Rel-14 UEs is evaluated

· For system level evaluations, the target for maximum latency between packet arrival at Layer 1 and resource selected for transmission is [20] ms at least for Rel-15 UEs

· Discuss further the [20] ms value

Note: other evaluations (e.g., spectral efficiency) can be provided by interested companies

Agreement:
· Time-varying interference and noise within one subframe is modelled both at link and system level

· Rel-14 UEs do not expect interference variation in time within one subframe

· The impact of transient period of short TTI (sTTI) should be taken into account for study and evaluation of PC5 operation with sTTI.

· Companies should provide assumptions for noise/interference estimation at least for Rel-14 UEs and how it is reflected in the simulation (e.g., link-to-system mapping)

Agreement:
· ADC quantization errors (AGC impact) are taken into account, if appropriate, in system level evaluations of short TTI performance 

· Agree on 10 ADC bits to be used for baseline system level evaluations.

· Companies can provide results for other ADC resolution

· SQNR curve from R1-1709526 is used to take into account ADC quantization and clipping noise

Working Assumption:

· ADC backoff (BO) is set to -18 dB

Agreement: 

· RF saturation modeling:

· UE calculates RX power level (P1) used for AGC settling

· UE calculates RX power level (P2) in demodulation symbol

· If (P2 > P1+Threshold), reception is declared as failed

· Working Assumption: Threshold = 10 dB

Companies are requested to clarify how the AGC is set according to the ADC model

Agreement:

· To include the additional mixed transmission scenario for V2X sTTI evaluation assumption

· Periodicity of 20ms for R15 and periodicity of 100ms for R14 in case of 140km/h

· Percentages of R14 and R15 UEs is 50%-50% for mixed scenario 1 and is up to companies for mixed scenario 2 (must be reported)

· Mixed scenario 2 is lower priority than mixed scenario 1 

Further agreements on the simulation assumptions for system simulations are summarized in Appendix A. 


In this document, we present provide link level simulation results, comment on the simulation assumptions for system level evaluation, and provide some further discussion on the feasibility/gain aspects for sTTI. The contribution is organized as follows:

· Section 2 presents link level simulation results

· Section 3 discusses system level evaluation results as provided by companies in RAN1 #89
· Section 4 discusses further details for sTTI feasibility and gain study

· Section 4 concludes the contribution.

2         Link level simulation results for sTTI PSSCH
In this section, we present some link level simulation results comparing sTTI (0.5ms) vs normal TTI (1ms) for PSSCH. The results are shown for the following assumptions:
· 190bytes packet (TBS of 1504)

· QPSK modulated

· # PRBs = 18 for normal TTI, 18x2 = 36 for sTTI

· Speed = 0 and 140 kmphr with opposite direction
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Figure 1: BLER vs SNR comparing normal and sTTI for 190byte packet with speed = 0 kmphr
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Figure 2: BLER vs SNR comparing normal and sTTI for 190byte packet with speed = 140 kmphr


Link level simulation results shown in Figure 1 and Figure 2 suggest that sTTI results in inferior link performance compared to normal TTI. This is expected due to the following factors:
1. Higher overhead leading to increase in effective coderate (with 2x transmission BW for sTTI (0.5ms))
Indendent of TTI, we have the last symbol punctured at the Tx for turnaround and the first symbol (potentially) punctured at the Rx for AGC. The number of DMRS symbols for normal TTI and sTTI are 4 and 2, respectively. With normal TTI, thus the overhead is 6 is 14 symbols (~42%), while in sTTI the overhead is 4 in 7 symbols (~57%). Thus, sTTI (0.5ms) results in increased overhead and increased coderate.

The increased overhead/coderate results in significant loss in decoding SNR, particularly at high speeds. From Figure 1 and Figure 2 the loss with sTTI at 10% BLER is ~2.5 dB with no mobility; and ~5dB with 140kmphr. Further, due to the same reason, it is unlikely that sTTI can support very high speeds of 250kmphr (e.g. for packet sizes of 190bytes / 300 bytes, at least in 10MHz channel).
Increasing the transmission bandwidth to achieve the same coderate as normal TTI can of course be done, but that is not a fair comparison since we are then increasing the number of time-frequency resources used with sTTI. Thus, even though results will improve for link level, the system level impacts will be significant. For example, with 18RBs for normal TTI, matching the coderate for sTTI (0.5ms) leads to 48RBs. Thus, the IBE impact at system will increase significantly.

2. Degraded channel and frequency offset estimation performance
For sTTI (0.5ms), out of the 3 symbols used for actual payload, the channel estimation on 2 symbols is through interpolation and 1 symbol is through extrapolation. So, 1/3 of the useful payload symbols use extrapolated channel estimation which is less accurate. With normal TTI, 1/4 of the useful payload symbols use extrapolated channel estimation. 

Further, since in sTTI there are 2 DMRS symbols instead of 4, frequency offset estimation can be worse due to less averaging, and degrades performance particularly at high speeds.

In terms of link budget performance, the total loss is thus 3dB + loss in decoding SNR for sTTI (0.5ms).
Observation 1: Significant loss in link level performance is observed with sTTI compared to normal TTI due to increased overhead/coderate and degraded channel and frequency estimation, particularly at high speeds.

3         System level evaluation

In RAN1 #89, many companies provided system level evaluation results for sTTI [R1-1707218], [R1-1707308], [R1-1707454], [R1-1707566], [R1-1708981]. Note that these simulation results did not include the effect of time-varying interference that was agreed in RAN1 #89.
From the simulation results as provided in above contributions, it can be seen there can be significant impact to Rel-14 UEs. For all practical scenarios with mixed Rel-14 and Rel-15 UEs, it is expected that sTTI will cause significant degradation to Rel-14 UEs. 
Observation 2: System level evaluation results presented by companies in RAN1#89 showed significant impact to Rel-14 UEs in practical scenarios of interest. The impact is expected to be worse with additional time-varying interference modeling agreed in RAN1#89.
4         Further discussion on sTTI feasibility study
In this section, we present further discussion on sTTI feasibility study.

4.1         PSCCH TTI assumption
There are two options for PSCCH TTI assumption when transmitting PSSCH using sTTI:
1. PSCCH (SA) also uses sTTI (Figure 3)
2. PSCCH (SA) still uses normal TTI (as Rel14)
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Figure 3: Illustration with sTTI for both PSCCH and PSSCH
	
[image: image4.emf]Data

SA SA SA SA SA


Figure 4: Illustration with normal TTI for PSCCH and sTTI for PSSCH


Alternate 1: As such, to maintain one to one relationship between SA and data, if data is reduced to short TTI (say 0.5 ms) then SA should also be reduced to 0.5 ms as shown in Figure 3.

However, there are some problems with this approach:
a) Since SA is reduced from 1ms to 0.5 ms, so to accommodate similar number of bits we will be required to increase SA size from 2RBs to 4RBs which can leads to increase in IBE.

b) It will affect the sensing based resource selection performance for Rel-14 UEs as they cannot decode sTTI SA.
Alternate 2: Alternate is to still use normal TTI for PSCCH transmission. However, in that case it is unclear if there is any reducing latency. From decoding perspective, there is no improvement. From system perspective in grabbing a resource with smaller latency, it’s unclear if there will be gains since UEs will still try to grab subchannels such that the SA is protected, and will gravitate towards Rel-14 (re-)selection operation. 

Further, the relationship between SA and data resources become complicated if SA remains 1 ms and data becomes 0.5ms, as illustrated in Figure 4.
Observation 3: If PSCCH (SA) also uses sTTI, it will affect resource (re-)selection performance of Rel-14 UEs and will degrade system performance.

Observation 4: If PSCCH (SA) uses normal TTI, one-to-one relationship between SA and Data resources is lost. Further, it is unclear if there will be any gains in latency is normal TTI is used for SA, while sTTI is used for Data.
4.2         UE complexity consideration

If specified, it may be expected that Rel-15 sTTI capable UEs will be capable of receiving from both normal TTI and sTTI transmission concurrently, e.g., short TTI in one subchannel from one UE, and normal TTI in another subchannel from another UE in the same subframe. This however will have significant impact on UE complexity as the UE has to maintain to concurrent timelines and increases the number of blind decoding for SA (3 x number of subchannels in 1ms). In some sense, it’s similar to CA of two carriers, with one double the decoding complexity on one of the carriers compared to Rel-14 operation. The UE complexity should be considered for determining feasibility of sTTI.
Proposal 1: UE complexity to support sTTI reception concurrent with normal TTI in a given subframe is ~3x compared to normal TTI reception only. UE complexity should be considered when concluding the feasibility study. 
4.3         Latency improvement with sTTI

The key motivation for this study is to improve the maximum latency between packet arrival at Layer 1 and resource selected for transmission improvement with sTTI compared with Rel-14. In our view, the largest contributor of the delay is likely to be the scheduling delay (i.e., the delay between the packet arrival and the subframe selected for transmission). It is it is unclear how sTTI alone can result in significant reduction in overall latency compared to Rel-14.

Observation 5: Largest contributor to latency is likely to be the scheduling delay, and should be further studied if sTTI can provide any significant further improvement in latency.
3
Conclusion 

In this contribution, we make the following observations and proposals for sTTI feasibility study for V2X phase 2.
(Link level simulation results)

Observation 1: Significant loss in link level performance is observed with sTTI compared to normal TTI due to increased overhead/coderate and degraded channel and frequency estimation, particularly at high speeds.

(System level evaluations)
Observation 2: System level evaluation results presented by companies in RAN1#89 showed significant impact to Rel-14 UEs in practical scenarios of interest. The impact is expected to be worse with additional time-varying interference modeling agreed in RAN1#89.

(Additional considerations)
Observation 3: If PSCCH (SA) also uses sTTI, it will affect resource (re-)selection performance of Rel-14 UEs and will degrade system performance.

Observation 4: If PSCCH (SA) uses normal TTI, one-to-one relationship between SA and Data resources is lost. Further, it is unclear if there will be any gains in latency is normal TTI is used for SA, while sTTI is used for Data.
Proposal 1: UE complexity to support sTTI reception concurrent with normal TTI in a given subframe is ~3x compared to normal TTI reception only. UE complexity should be considered when concluding the feasibility study. 

Observation 5: Largest contributor to latency is likely to be the scheduling delay, and should be further studied if sTTI can provide any significant further improvement in latency.
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Appendix A 
This appendix captures the agreements from RAN1 #88bis on PC5 operation with short TTI.

Agreement:
· For study of PC5 operation with short TTI

· Evaluation of sTTI performance is done by means of analysis, link level and system level simulation

· Maximum latency between packet arrival at Layer 1 and resource selected for transmission improvement with sTTI compared with Rel-14 is evaluated

· Other latency improvements can be evaluated

· Improvement reliability can be considered including retransmission if used

· Impact on Rel-14 UEs is evaluated
· For system level evaluations, the target for maximum latency between packet arrival at Layer 1 and resource selected for transmission is [20] ms at least for Rel-15 UEs

· Discuss further the [20] ms value

Note: other evaluations (e.g., spectral efficiency) can be provided by interested companies

Agreement: The following simulation assumptions and parameters are used in sTTI evaluation:
	Parameter
	Value

	Deployment scenario
	Same as Rel-14 deployment scenario. 

	Proportion of Rel-14 and Rel-15 UEs 
	(Rel-14 UE, Rel-15 UE) = {(50, 50)}. Other options not precluded.  Two cases are evaluated for each proportion of UE combination;
•case 1: Rel-15 UEs use 1ms TTI (SA and data)
•case 2: Rel-15 UEs use short TTI (Companies to provide the detailed TTI structure)

	Traffic model
	Periodic broadcast traffic:

· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 

· Rel-15: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
Companies can bring results for other traffic models and latency.
Mixed scenario 2:

· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 

· Rel-15: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency



	Resource (re-)selection for Rel-15
	Rel-14 resource (re-)selection is used as baseline. Any change to the baseline should focus on incorporating sTTI in resource (re)selection and resource allocation. 
Companies to provide simulation parameters at least including T1/T2. 

	Number of transmission(s) per packet
	Up to companies with limitation to 2.

	TTI Structure
	· Subframe TTI granularity (LTE Rel-14 legacy TTI structure)

· Slot TTI granularity

· Sub-slot TTI granularity (optional)

	AGC settling time
	Same as Rel-14

	Time for Tx/Rx switching
	Same as Rel-14

	Frequency allocation
	· Subframe TTI granularity: 2 PRB SCI format 1
Companies provide details of PRB allocation for PSCCH for sTTI

	Performance metric used for comparison
	· The PRR performance of V2V communication among Rel-15 UEs

· The PRR performance of V2V communication from Rel-14 UE to both Rel-14 and Rel-15
· Other metrics not precluded


FFS how to model time-selective interference and AGC impact. 
Notes: 

· The overall evaluation of sTTI can take into account the complexity of Rel-15 UEs including the complexity of receiving a 1ms TTI and sTTI in the same subframe. 

· UE decoding capabilities will be discussed later.
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