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1 Introduction

A new work item for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886 was approved in RAN plenary #75. The following topics are part of the detailed objectives of this work item [1]:

3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 

The following agreements for evaluation methodology of sTTI were achieved in RAN1#89 meeting [2].
Agreement:
· Time-varying interference and noise within one subframe is modeled 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
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

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 

	Traffic model
	Periodic broadcast traffic:

Mixed scenario 1(supported already in #88bis):

· 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

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

Companies can bring results for other traffic models and latency.


In this contribution, we discuss the solutions to support sTTI which will coexist with legacy UE in the same resource pool. 
2 Discussion
2.1 sTTI in mode 3
In Rel-15 mode 3, UE will report to eNB whether sTTI is supported and eNB determines to allocate transmission resource based on sTTI or normal TTI. If sTTI is supported, multiple sTTI can be combined into one subframe. In mode 3, the transmission resource of UE is allocated by eNB through DCI. If time granularity of DCI is subframe and data transmission on sidelink is sTTI, eNB needs to indicate which sTTI within a subframe is scheduled. 
Observation 1: eNB needs to indicate which sTTI on sidelink is scheduled through DCI in mode 3.

2.2 sTTI in mode 4

According to the WID, Rel-15 UE using sTTI needs to coexist in the same resource pool with Rel-14 UE. Therefore, Rel-15 UE should transmit legacy SA so that Rel-14 UE can do sensing and reservation. Meanwhile, Rel-15 UE also needs to transmit short SA (sSA) to reduce latency for Rel-15 receiver. In summary, 3 kinds of channels are transmitted by Rel-15 UE: legacy SA, short SA and sTTI data.
Observation 2: 3 kinds of channels: legacy SA, short SA and sTTI data, are transmitted by Rel-15 sTTI UE.

2.2.1 Resource pool of short SA
Compared to Rel-14, a new short SA is transmitted by Rel-15 UE. The resource pool for short SA needs to be configured. 
Proposal 1: Resource pool for short SA needs to be configured.

There are two kinds of resource pool configurations for legacy SA and data in Rel-14: adjacent and non-adjacent. Based on that, the resource pool for short SA can be configured as follows.

· Separate resource pool configured for short SA 
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Figure 1 Separate resource pool configured for short SA
A separate resource pool is configured for short SA, which can be non-adjacent to data pool and/or legacy SA pool. The number of resources for short SA within a sTTI is the same as resources for data and there is one-to-one mapping between them. 
· Resource pool of short SA is within data pool
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Figure 2 Resource pool of sSA is within data pool
The resource pool for data is based on sub-channel. Resource pool of legacy SA is first 2 PRBs at the beginning of each sub-channel, and resource pool for short SA is last K PRBs (for example K=4) at the end of each sub-channel. There is one-to-one mapping between a short SA resource and data resource within the same sub-channel. The short SA and its corresponding data can be adjacent (UE3) and non-adjacent (UE1 and UE2). If partly or all of the resource used for short SA is occupied by data, the corresponding short SA will move to the short SA resource in the next sub-channel (UE2). 
The benefits of the above two kinds of resource pool configuration are as follows:

· Has no effect on Rel-14 UE’s data and SA pool. Rel-14 UE can obtain the exact data resource by decoding corresponding PSCCH. 
· Fix frequency position of short SA which will not increase blind decoding complexity compared to legacy SA.
Proposal 2: Resource pool of short SA can be configured separately or within data pool.

2.2.2 DMRS design of sTTI

According to the WID, Rel-15 with sTTI can coexist with Rel-14 functionality in the same resource pool. To promise Rel-14 UE can do sensing correctly, Rel-14 needs to detect Rel-15’s PSCCH and measure PSSCH-RSRP. A legacy PSCCH is transmitted by Rel-15 sTTI so that Rel-14 can detect correctly. While PSSCH-RSRP measurement by Rel-14 UE is not accurate since only part of DMRS symbols are transmitted by Rel-15 sTTI UE. How to improve PSSCH-RSRP measurement needs to be studied.
Rel-14 UE does PSSCH-RSRP measurement based on the assumption that DMRS sequence is transmitted on all the DMRS symbols within a subframe. Therefore, one simple way to improve PSSCH-RSRP is that Rel-15 UE transmits DMRS sequence on all the DMRS symbols within the subframe which its sTTI data belongs to. One example is shown in the following figure. If a UE only transmit data on sTTI0, it will transmit DMRS sequence on all the four DMRS symbols within the subframe. A legacy SA is transmitted in the subframe, UE can only do transmitting, instead of receiving, within the subframe because of half-duplex limitation. Transmitting DMRS on all the DMRS symbols will not reduce Rel-15 UE’s sensing opportunity.
Proposal 3: Rel-15 sTTI UE transmits DMRS sequence on all the DMRS symbols within the subframe.
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Figure 3 sTTI UE transmits DMRS sequence on all DMRS symbols

The measurement of PSSCH-RSRP is based on the correlation of local DMRS sequence and received signal on DMRS symbols. Rel-14 UE’s DMRS sequence is generated according to the CRC sequence of SCI format 1. And the CRC sequence is calculated by assuming the reserved bits in SCI format 1 are set to 0. If the reserved bits in SCI format 1 are reused for other purpose so that the values of reserved bits can be non-zero. That will generate a different CRC, and accordingly a different DMRS sequence. To facilitate Rel-14 UE’s PSSCH-RSRP measurement, the CRC sequence which is used to generate DMRS sequence should be calculated by assuming all the reserved bits in SCI are set to 0, no matter what’s the actually values of these bits are.
Proposal 4: The CRC sequence which is used to generate DMRS sequence of PSSCH is calculated by assuming all the reserved bits in SCI format 1 are set to 0, no matter what’s the actually values of these bits are.
2.2.3 Sensing parameters of sTTI

In Rel-14, some parameters related to sensing, such as priority-threshold table, are (pre-)configured. If the same sensing procedure is also applied for Rel-15 sTTI, these parameters need to be (pre-) configured also. 

If Rel-15 sTTI coexists with Rel-14 in the same resource pool, then Rel-15 UE can do sensing based on either sTTI or legacy TTI. Since the resource occupancy ratio can be different for sTTI and legacy TTI, a separate set of sensing parameters can be (pre-)configured for sTTI and legacy TTI.

Proposal 5: Separate sets of sensing parameters can be (pre-)configured for sTTI and legacy TTI.

3 Conclusions
In this contribution, we discuss how to support sTTI coexisting with Rel-14 functionality in the same resource pool. The following observations and proposals are given.

Observation 1: eNB needs to indicate which sTTI on sidelink is scheduled through DCI in mode 3.
Observation 2: 3 kinds of channels: legacy SA, short SA and sTTI data, are transmitted by Rel-15 sTTI UE.

Proposal 1: Resource pool for short SA needs to be configured.
Proposal 2: Resource pool of short SA can be configured separately or within data pool.
Proposal 3: Rel-15 sTTI UE transmits DMRS sequence on all the DMRS symbols within the subframe.
Proposal 4: The CRC sequence which is used to generate DMRS sequence of PSSCH is calculated by assuming all the reserved bits in SCI format 1 are set to 0, no matter what’s the actually values of these bits are.
Proposal 5: Separate sets of sensing parameters can be (pre-)configured for sTTI and legacy TTI.
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