3GPP TSG RAN WG1 Meeting #90	R1-1712100
Prague, Czech Republic, 21-25 August, 2017

Agenda Item:	5.2.3.4.2
Source:	Huawei, HiSilicon
[bookmark: _GoBack]Title:	Evaluation results of short TTI solutions for R15 sidelink
Document for:	Discussion and decision

Introduction
At the RAN1 #89 meeting, the agreements below were reached [1]:
· 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)
· 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
In this contribution, more evaluation results and analysis of candidate sTTI solutions in scenario 1, e.g. urban scenario, Rel-15 sTTI UEs only and in scenario 2 are provided. The corresponding solution and some assumptions can be found in our companion contributions [2].
Coexistence scenario of normal TTI and short TTI
PRR performance and AGC impact results are provided in this section. The results corresponding to the shared AGC symbol option are shown in Subsection 2.1 (scenario 1) and Subsection 2.2 (scenario 2). AGC impacts are analyzed in Subsection 2.3. Both freeway and urban scenarios as agreed in [3] are simulated and the results of urban can be found in Appendix D. For mixed scenarios, the proportions of UEs are: (Rel-14 UE, Rel-15 UE) = {(50, 50), (20, 80)}. In all cases, it is assumed that (T1, T2) = (1ms, 20ms) for Rel-14 UEs and (T1, T2) = (1ms, 10ms) for Rel-15 UEs. Detailed system level simulation assumptions and parameters are listed in Table 1 in Appendix A. The corresponding sTTI link-level assumptions and results are provided in Appendix B and C, respectively.
PRR performance of scenario 1
With the shared AGC symbol option, a UE transmitting data in the 2nd sTTI of one subframe also transmits in the 1st symbol of the subframe in order to facilitate AGC settling and avoid clipping effects. Simulation results of freeway 140km/h and 70km/h are shown in Figure 1 and the results of urban are shown in Figure 9, Appendix D. The 50/50 and 20/80 mixture cases are marked in red and blue, respectively. Legacy Rel-14 and Rel-15 only performance curves are plotted for reference as well. In the legend, for ‘X/Y’, the first number is the ratio of Rel-14 UE and the second is the ratio of Rel-15 UE. In addition, ‘Rel-15->Rel-15’ means the performance of Rel-15 UEs receiving data from Rel-15 UEs. ‘Rel-14->Rel-14+Rel-15’ means the performance of both Rel-14 UEs and Rel-15 UEs receiving data from Rel-14 UEs.
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Figure 1.  PRR Performance (freeway, 140km/h and 70km/h, periodicity of Rel-15 is 100ms)
Based on the evaluation results, we draw the following observations:
Observation 1:
· Rel-15 sTTI UEs co-existing in the same resource pool as Rel-14 legacy UEs have no impact on Rel-14 PRR performance. In particular, Rel-14 UEs achieve significantly better PRR performance than legacy deployment scenario.
· As Rel-15 sTTI UE penetration increases, both Rel-14 and Rel-15 achieves increasingly better PRR performance, since sTTI transmission has lower system impacts than normal TTI transmissions.
· Rel-15 only achieves the best PRR performance in the 140km/h scenario. The performance degrades in the 70km/h case due to increased PSSCH frequency occupation and vehicle density.
· Rel-15 only performance is better or very close to legacy Rel-14 within the required range (e.g. 300m for freeway), thus fulfills the requirements. 
· sTTI transmission can reduce transmission and scheduling latency down to 10ms, thereby meeting the latency requirements of a wide range of advanced use cases as described in SA1 TS 22.185 [4].
PRR performance of scenario 2
For Rel-15 UE with 20ms periodicity, the simulation results in freeway 140km/h scenario are shown in Figure 2. Since the traffic is much denser, Rel-15 UEs become the bottleneck. When the ratio of Rel-15 UEs increases, both the performance of Rel-14 UEs and that of Rel-15 UEs is negatively affected.
Observation 2: Rel-15 UEs with 20ms periodicity have more impact on the PRR performance than Rel-14 UEs.
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Figure 2.  PRR Performance (freeway, 140km/h, periodicity of Rel-15 is 20ms)
AGC impact
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Figure 3.  CDF distribution of receiving power difference between two sTTIs in one subframe
The CDF distribution of the receiving power difference between two sTTIs in one subframe is depicted in Figure 3. Based on the evaluation results, we can see that 95% of the time, the power difference between two Rel-15 sTTI transmissions in one subframe is less than 20 dB.
Observation 3: ADC implementations with 20 dB anti-clipping capability are sufficient to avoid clipping effects with 95% probability.
Discussion of Rel-15 sTTI only scenario
According to the simulation results in section 2.1, the fewer the Rel-14 UEs in the mixed scenario, the better the performance of Rel-15 UEs. A scenario, with only Rel-15 UEs would then perform better. In this section, we evaluate the performance of such a scenario. 
Two options can be considered:
Option 1: UE transmits and receives with the granularity of one sTTI, and the first symbol of each sTTI is used for AGC.
Option 2: A shared AGC is used, as described in [2].  The first symbol in the second sTTI in 1ms can be used for data. The detailed operation is described in Appendix C.
As shown in Figure 4, the PRR performance of Option 2 is slightly better than that of Option 1 for the freeway 140km/h scenario thanks to the link performance gains. In the other scenarios, the difference is negligible.
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Figure 4.  PRR Performance of sTTI only UEs (freeway, 140km/h and 70km/h, periodicity of Rel-15 is 100ms)
In addition, better latency is a big advantage of having sTTIs for Rel-15 UEs. With a one-slot granularity, the latency between the scheduling signaling and the data transmission is further reduced for mode-3. For Mode-4, T2 can be reduced. According to Figure 1, with a shorter T2 of 10ms, Rel-15 only still has a good performance and fulfills the requirements.

Conclusion
In this contribution, the simulation results of sTTI are provided and the following observations are made:
Observation 1:
· Rel-15 sTTI UEs co-existing in the same resource pool as Rel-14 legacy UEs has no impact on Rel-14 PRR performance. In particular, Rel-14 UEs achieve significantly better PRR performance than legacy deployment scenario.
· As Rel-15 sTTI UE penetration increases, both Rel-14 and Rel-15 achieves increasingly better PRR performance, since sTTI transmission has lower system impacts than normal TTI transmissions.
· Rel-15 only achieves the best PRR performance in the 140km/h scenario. The performance degrades in the 70km/h case due to increased PSSCH frequency occupation and vehicle density.
· Rel-15 only performance is better or very close to legacy Rel-14 within the required range (e.g. 300m for freeway), thus fulfills the requirements.
· sTTI transmission can reduce transmission and scheduling latency down to 10ms, thereby meeting the latency requirements of a wide range of advanced use cases as described in SA1 TS 22.185 [4].
Observation 2: Rel-15 UEs with 20ms periodicity have more impact on the PRR performance than Rel-14 UEs.
Observation 3: ADC implementations with 20 dB anti-clipping capability are sufficient to avoid clipping effects with 95% probability.
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Appendix A: System-level simulation setting of sTTI
Table 1	System level simulation setting of sTTI
	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), (20, 80)}
· Case 1: Rel-15 UEs use 1ms TTI (SA and data)
· Case 2: Rel-15 UEs use 0.5ms TTI (SA and data)

	Traffic model
	Periodic broadcast traffic:
Scenario 1:
· 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
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
	Shared AGC symbol option: Rel-14 resource (re-)selection with the following modification: PSSCH-RSRP and S-RSSI measurements based on slot granularity.

	T1/T2 assumptions
	· Rel-14: T1=1, T2=20
· Rel-15: T1=1, T2=10

	Number of transmission(s) per packet
	2

	TTI Structure
	· Subframe TTI granularity (LTE Rel-14 legacy TTI structure)
· Slot TTI granularity (Table 3 below)

	AGC settling time
	Same as Rel-14

	Time for Tx/Rx switching
	Same as Rel-14

	Frequency allocation
	· Subframe TTI granularity:
· 2 PRB for SCI
· 12 PRB for 190 bytes 16 PRB for 300 bytes
· Slot TTI granularity:
· 4 PRB for SCI
· 45 PRB for both 190 bytes and 300 bytes

	Performance metric used for comparison
	· The PRR performance of V2V communication among Rel-15 UEs
· The PRR performance of V2V communication among Rel-14 UEs
· The PRR performance of V2V communication from Rel-14 UEs to Rel-14 UEs and Rel-15 UEs



Appendix B: Link-level simulation setting of sTTI
Table 2	Link level simulation setting of sTTI
	Parameter
	Value

	General parameters:

	Carrier frequency
	6G Hz

	System bandwidth
	10 MHz

	Channel Model
	AWGN

	Tx-Rx antenna configuration
	1x2

	Receiver type
	MMSE

	TTI length
	7symbols

	PSSCH parameters:

	TBS
	300Bytes, 190Bytes

	Modulation
	QPSK

	PRB
	45

	PSCCH parameters:

	TBS
	48bits (including 16bits CRC)

	Modulation
	QPSK

	PRB
	4



Appendix C: Link-level simulation results of sTTI
Link-level simulation results of sTTI are shown in Figure 5 for PSCCH and Figure 6 for PSSCH, where the curves corresponding to 190 bytes and 300 bytes are drawn in Figure 6(a) and 6(b), respectively. The red curves represent the link-level performance corresponding to the 1st TTI (1 AGC, 2 DMRS, 3 Data, 1 Gap).  The blue and black curves represent the link-level performances corresponding to the 2nd TTI with different overhead: Blue (1 AGC, 2 DMRS, 3 Data, 1 Gap) and black (2 DMRS, 4 Data, 1 Gap). As can be observed, the red and blue curves almost overlap due to similar overhead. The black curve has approximately 1dB gain for PSCCH and 2-3 dB gain for PSSCH.
The evaluated sTTI structures for the shared AGC option are illustrated in Table 3. The assumptions are:
· Rel-15 UEs transmitting in either the 1st or 2nd sTTI will transmit in the 1st symbol of the subframe.
· For UE transmitting in the 1st sTTI, it can receive in the 2nd sTTI (i.e., Structure (a)).
· For UE transmitting in the 2nd sTTI, it cannot receive in the 1st sTTI due to large overhead.
· For UE not transmitting in this subframe, it can receive in both sTTIs (i.e., Structure (b)).

Table 3	Evaluated TTI structures for shared AGC symbol option
	Rel-15 UE transmitting in the 1st sTTI
	Rel-15 UE not transmitting in the subframe

	[image: ]
Structure (a)
	[image: ]
Structure (b)

	2nd slot: Blue curve in Figure 5/6
	1st slot: Red curve in Figure 5/6
2nd slot: Black curve in Figure 5/6
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Figure 5.  Link-level PSCCH performance of sTTI with slot granularity
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                                (a) 190 bytes								   (b) 300 bytes		
Figure 6.  Link-level PSSCH performance of sTTI with slot granularity

Appendix D: System simulation results of urban
[image: ][image: ]
Figure 7.  PRR Performance of coexistence scenario (urban, 60km/h and 15km/h, periodicity of Rel-15 is 100ms)
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Figure 8.  PRR Performance of sTTI only (urban, 60km/h and 15km/h, periodicity of Rel-15 is 100ms)
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