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Introduction
In RAN1 #88bis meeting [1], the following agreements were achieved:
	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


Based on the agreements of RAN1 #89 for sTTI scheme evaluations [2], the companion contribution [3] is presented to provide the simulation performance of Rel-14 and Rel-15 UEs with sTTI scheme. In this contribution, the potential solutions and the key technical issues (AGC, overhead and IBE and interference) of shorten TTI in PC5 are discussed. 
Discussion
Impact on LTE R14 V2V sensing and resource selection
As discussed in the CATT’s contribution [4], there are two potential solutions for supporting sTTI in the same resource pool of Rel-14 UEs:
a) Option 1: Rel-15 UE transmitting both legacy SA and sTTI SA as PSCCH;
b) Option 2: Rel-15 UE transmitting only sTTI SA as PSCCH;
	

	


	(a) Option1: Rel-15 UE with legacy SA and sTTI SA
	(b) Option2: Rel-15 UE with only sTTI SA


[bookmark: _Ref481760243]Figure 1 Two potential solutions for supporting sTTI mechanism
The detailed structure of Option 1 and Option 2 is shown in Figure 1. The key difference between the two solutions is transmitting legacy SA transmissions or not. Though the transmission time for the sTTI mechanism is decreased from TTI to sTTI, more frequency resources may be required for sTTI transmission with same message size. The comparison of the two solutions is summarized in Table 1.
[bookmark: _Ref481758064]Table 1 The comparison of the two sTTI solutions in the same resource pool
	
	Option1: Rel-15 UE with legacy SA and sTTI SA
	Option2: Rel-15 UE with only sTTI SA

	Sensing procedure
	UE sensing capability
	· Rel-14 UE can sense Rel-15 by PSSCH-RSRP and RSSI, but PSSCH-RSRP and RSSI may not be so accurate; 
· Rel-15 UE can sense Rel-14 UE;
· The priority of Rel-14 UE and Rel-15 UE can be differentiated.
	· Rel-14 UE cannot sense Rel-15 UE by PSSCH-RSRP, but Rel-14 UE may sense Rel-15 UE indirectly by RSSI;
· Rel-15 UE can sense Rel-14 UE;
· The priority of Rel-15 UE cannot be differentiated by Rel-14 UE.

	
	PSSCH-RSRP measurement
	PSSCH-RSRP may not be so accurate:
· Rel-14 UE receive Rel-15 UE:
· Only 2-column DMRS in slot sTTI;
· PRBs of DMRS in sTTI SA is punctured;
· Rel-15 UE receive Rel-15 UE:
· 2-column DMRS in slot sTTI;
	PSSCH-RSRP may not be so accurate:
· Rel-14 UE receive Rel-15 UE: 
· Cannot achieve PSSCH-RSRP of Rel-15 UEs;
· Rel-15 UE receive Rel-15 UE:
· 2-column DMRS in slot sTTI;

	
	RSSI measurement
	RSSI may not be so accurate:
· With more frequency resources, power density of Rel-15 UE is smaller than Rel-14 UE at the same distance;
· Time-selective interference between different sTTI in a subframe;
	RSSI may not be so accurate:
· With more frequency resources, power density of Rel-15 UE is smaller than Rel-14 UE at the same distance;
· Time-selective interference between different sTTI in a subframe;

	
	Power backoff
	Three clusters need 2dB power backoff;
	Two clusters need 1dB power backoff;

	
	Half- duplex gain
	For a traffic block with initial transmission and one retransmission, one subframe can be saved to achieve half-duplex gain.
	For a traffic block with initial transmission and one retransmission, one subframe can be saved to achieve half-duplex gain.

	Resource selection
	Rel-15 UE matching to solve the resource fragment problem
	· Different Rel-15 UE matching:
· Random legacy SA transmission need substantial standards effort;
· In PC5 mode 4, random legacy SA transmission from different Rel-15 UEs cannot avoid collision;
· Same Rel-15 UE matching:
· The initial transmission and one retransmission are scheduled for matching transmission; Scalability is issues when the retransmission times more than one.
· The reliability may be affected if the subframe with initial transmission and one retransmission cannot be received correctly by Rel-14 UE.
	For Rel-15 UEs, the resource fragment problem may be solved by reusing legacy resource selection mechanism with modified time-frequency configuration of sTTI. 
There need no substantial standards effort.

	
	Latency reduction
	· After decoding legacy SA successfully, sTTI SA and data can be processed by Rel-14 UE without latency reduction gain. 
· Rel-15 UE can decode sTTI SA and legacy SA concurrently, and data can be decoded when STTI SA is decoded. The latency can be reduced.
	Only Rel-15 UE can decode sTTI SA, and the latency can be reduced.



Based on the analysis of Table 1, Rel-15 UE with sTTI SA only (Option 2) is suggested as the baseline solution for the sTTI mechanism. The evaluation results of Rel-15 UE with sTTI (Option 2) are presented in the companion contribution [3].
Proposal 1: Rel-15 UE transmitting sTTI SA as PSCCH is suggested as the solution to be the baseline sTTI mechanism.
Overhead
In order to improve the performance in high Doppler case, 4-column DMRS in one subframe structure is agreed in Rel-14 LTE V2X. Meanwhile, in Rel-14, the first symbol for AGC and the last symbol for GP are configured in one subframe. 
If AGC is restricted to occupying one symbol in the shorten TTI, the overhead of one slot is four symbols with AGC (1 symbol) and GP (1 symbol) and DMRS (2 symbols). Therefore, only three symbols can be used for the actual payload. Thus, with only two DMRS symbols in the slot, the channel estimation is less accurate because of the extrapolation.
The companion contribution [3] provides the system level simulation results for puncturing the AGC and GP as two symbols in one slot. Because of the unacceptable PRR performance, the legacy AGC and GP scheme cannot be directly applied to every sTTI in the Rel-15 shorten TTI scheme. 
Proposal 2: Because of the unacceptable PRR performance with puncturing the AGC and GP as two symbols in one slot, the legacy AGC and GP scheme cannot be directly applied to every sTTI in the Rel-15 shorten TTI. 
AGC Scheme
In sTTI, the transmission of Rel-15 UE and Rel-14 UE may be multiplexing in the same subframe. Because the transmission of Rel-15 UE may only occupy one slot of the subframe, the interference from Rel-15 UE can be time-selective and the receiving power of the Rel-14 UE may change during the different slot of the subframe. Meanwhile, when the receiving UE have different distance from the transmitting Rel-15 UE and Rel-14 UE, the near-far problem may exist for receiving Rel-14 and Rel-15 UE.
For receiving Rel-14 UE, AGC is settled in the first symbol to achieve suitable dynamic range and kept unchanged during the subframe (TTI). For example, when the receiving Rel-14 UE can receive both distant Rel-14 UE and nearby Rel-15 UE transmission in the first slot sTTI, the AGC dynamic range may be settled based on the sum of the receiving power (not exceeding the upper bound of dynamic range) from the transmitting Rel-14 UE and Rel-15 UE. If the receiving power for settling AGC is too large, if the receiving Rel-14 UE want to receive Rel-14 UE in the second slot, AGC settling in the first slot sTTI may not be suitable for the second slot with the quantization error. 
In another scenario, when the receiving Rel-14 UE can only receive distant Rel-14 UE transmission in first slot sTTI, the AGC dynamic range may be settled with the receiving power from the distant Rel-14 UE. If the receiving Rel-14 UE can receive both distant Rel-14 UE and nearby Rel-15 UE in the second slot sTTI, AGC settling in the first slot sTTI may not be suitable for the second slot sTTI because of the clipping noise. If the receiving power for the receiving Rel-14 UE from the Rel-15 UE is too large, the AGC for the receiving Rel-14 UE may be saturated and the receiving will be 100% failed.
In order to decrease the overhead of the Rel-15 sTTI scheme and solve the near-far problem of AGC, the following AGC solutions are proposed:
1) Shared AGC
In RAN1 meeting #88bis, Shared AGC approach [5] is proposed to solve the Rel-15 sTTI AGC problems. All the transmitting Rel-15 UEs in the subframe has to transmit in the 1st symbol of the subframe. 
Though Rel-14 UEs can settle AGC according to the max level of received power range within a subframe, the quantization error is introduced. If the proportion of Rel-15 UEs is very high and there are no Rel-14 UEs in the subframe, the receiving Rel-15 will be still affected by the unnecessary quantization error. Meanwhile, because of the TX/RX transient period of the second symbol of the first slot, if the Rel-15 UE is transmitting in the second slot, the transmitting Rel-15 UE of the second slot cannot correctly receive the first slot. The sensing problem of Rel-15 sTTI UE is shown in Figure 2.


Figure 2 Sensing problem in the first slot for transmitting Rel-15 UE with Shared AGC
2) GP/AGC in one symbol
Considering the overhead of AGC and GP, if AGC is allowed to occupy part of one symbol in the shorten TTI, the TX/RX gap and AGC settling can be combined in one symbol. 
In Figure 2, the GP and AGC are occupying the first symbol of every slot sTTI.


Figure 3 AGC and GP combined in one symbol
Because AGC can be accurately settled in every slot sTTI for Rel-15 UEs, the performance of Rel-15 will not be affected with quantization error. Because the Rel-15 UEs only process the AGC in every slot sTTI, the transmitting Rel-15 UEs in the second slot do not need to transmit in the first symbol in the first slot. Thus, the transmitting Rel-15 UEs in the second slot can receive the first slot correctly without the problem introduced by the TX/RX transient period.
For the Rel-14 UEs, the receiver may be affected with the clipping noise and saturation with AGC/GP in one symbol scheme. Without the transmitting of the Rel-15 UEs of the second slot in the first symbol of the first symbol of the first slot, the PRR performance of Rel-14 UEs may be improved without the extra quantization error.
The difference of the Shared AGC scheme and AGC/GP in one symbol is summarized in the following table:
Table 2 The difference of the Shared AGC scheme and AGC/GP in one symbol
	Difference aspects
	Shared AGC
	AGC/GP in one symbol

	For Rel-14 receiving UEs
	AGC may be settled with too large RX power.
The performance may be affected with quantization error.
	AGC may be settled without the extra quantization error from the transmitting Rel-15 UEs of the second slot.
AGC may be settled too low to be affected with clipping noise and saturation in the second slot.
The performance may be affected with quantization error, clipping noise and saturation.

	For Rel-15 receiving UEs
	AGC may be settled with too large RX power.
The performance may be affected with quantization error.
	AGC can be settled accurately.
The performance cannot be affected with quantization error.

	Whether the transmitting Rel-15 UEs in the second slot can receive the first slot correctly without the problem introduced by the TX/RX transient period?
	NO
	YES

	UE capability
	Low
	High



Because the link level performance is sensitive to the clipping noise and saturation, in order to analyze the impact of quantization error and clipping noise problem, the proportion of the quantization error and clipping problem in the receiving Rel-14 UE is obtained by the statistics data. It is observed that the proportion of the quantization and clipping is relative low in both high density and low density scenarios [6][7]. Then the PRR performance with Shared AGC and AGC/GP in one symbol schemes is further studied in the companion contribution [3]. It can be observed that Shared AGC and AGC/GP in one symbol both have similar PRR performance for Rel-14 and Rel-15 UEs in low density and high density scenarios.
Proposal 3: The total overhead of AGC and GP in one subframe should be comparable to the legacy TTI.
Proposal 4: The overhead of Shared AGC scheme and AGC/GP in one symbol scheme in every sTTI can be only one symbol. The total overhead of these two schemes is same as the legacy TTI.
Proposal 5: The Shared AGC scheme and AGC/GP in one symbol scheme can both provide similar PRR performance for Rel-14 and Rel-15 UEs in low density and high density scenarios. 

Analysis of IBE and interference


[bookmark: _Ref481767928]Figure 4 The receiving power from Rel-15 UE data and Rel-14 UE data with same message size
As shown in Figure 4, with the Rel-15 UE with only sTTI SA (option 2) in chapter 2.1, power density of Rel-15 UE is about lower than the Rel-14 UE at the same receiving distance with the message size and MCS configurations. Meanwhile, IBE is relatively lower than the co-channel interference and have less impact on the system performance. Thus, the co-channel interference is the main issues that can have impact on the system performance, such as PRR.
Observation 1: The co-channel interference is the main issues that can have impact on the system performance to Rel-15 performance, such as PRR.
In the companion contribution [3], with the increasing proportion of the Rel-15 sTTI UEs, the PRR of Rel-15 sTTI UE is improved by the alleviation of the interference from the Rel-14 UE. Meanwhile, with the replacement of the lower interference from the Rel-15 sTTI UEs not the legacy Rel-14 UEs, the PRR of legacy Rel-14 UE can also be improved. 
Proposal 6: 
· With the increasing proportion of the Rel-15 sTTI UEs, the PRR of Rel-15 sTTI UE is improved by the alleviation of the interference from the Rel-14 UE. 
· Meanwhile, with the replacement of the lower interference from the Rel-15 sTTI UEs not the legacy Rel-14 UEs, the PRR of legacy Rel-14 UE can also be improved. 

Conclusion
In this contribution, the design of shorten TTI in PC5 are discussed. Particularly, we have following observations and proposals:
Proposal 1: Rel-15 UE transmitting sTTI SA as PSCCH is suggested as the solution to be the baseline sTTI mechanism.
Proposal 2: Because of the unacceptable PRR performance with puncturing the AGC and GP as two symbols in one slot, the legacy AGC and GP scheme cannot be directly applied to every sTTI in the Rel-15 shorten TTI. 
Proposal 3: The total overhead of AGC and GP in one subframe should be comparable to the legacy TTI.
Proposal 4: The overhead of Shared AGC scheme and AGC/GP in one symbol scheme in every sTTI can be only one symbol. The total overhead of these two schemes is same as the legacy TTI.
Proposal 5: The Shared AGC scheme and AGC/GP in one symbol scheme can both provide similar PRR performance for Rel-14 and Rel-15 UEs in low density and high density scenarios. 
Observation 1: The co-channel interference is the main issues that can have impact on the system performance to Rel-15 performance, such as PRR.
Proposal 6: 
· With the increasing proportion of the Rel-15 sTTI UEs, the PRR of Rel-15 sTTI UE is improved by the alleviation of the interference from the Rel-14 UE. 
· Meanwhile, with the replacement of the lower interference from the Rel-15 sTTI UEs not the legacy Rel-14 UEs, the PRR of legacy Rel-14 UE can also be improved. 
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