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1. Introduction

The Rel-14 V2V WI [1] introduced the support of the V2V PC5 (sidelink) communication. In particular, a number of SL physical layers enhancements were made to ensure reliable operation for the V2V propagation environments. The main differentiating features from the physical later perspective include:

· Physical channels enhancements to support high speed operation (increased DMRS transmission density)

· GNSS based synchronization method
· Resource allocation procedure based on the collision avoidance principles
In accordance to the Rel-14 V2V WI objectives the RAN4 WG needs to specify UE demodulation requirements for the new V2V sidelink physical channels. In this contribution we provide our views on the scope of RAN4 work for the V2V WI Performance part and make suggestions on the associated UE demodulation performance requirements.
2. UE Demodulation Performance Requirements
2.1 Test scope
In the previous RAN1/2/4 meetings a subset of V2V operation scenarios (and features) was prioritized, while the remaining were deprioritized moved to the scope of the V2X WI. In particular, the following scenarios were prioritized in the scope of the V2V RRM discussion [2]:

	· RAN4 prioritize to specify the requirement  for V2V stand-alone operating on a dedicated V2V carrier  (e.g. Band 47) in this meeting

· No cellular control (no eNB-based synch for V2V, no resource control, no resource pool configuration etc)

· UE may be inside WAN coverage on another carrier

· Dedicated carrier has no WAN
· Dedicated TX and RX chains assumed for V2V operation on the dedicated carrier
· RAN4 prioritize to specify the requirement related to GNSS as the only synchronization reference in this meeting

· No procedures and requirements will be defined for SLSS based synchronization. SLSS synchronization assumed to be not supported.
· Other synchronization sources(e.g. eNB, SyncRef UE) to be specified in V2X WI.


In accordance to these agreements, dedicate carrier V2V operation is assumed. In addition, dedicated TX and RX chains assumed for V2V operation. For V2V demodulation framework same assumptions on the target scenarios can be used. Hence, V2V communication is not expected to have impacts on the UE WAN demodulation requirements and further work should focus solely on SL demodulation requirements.

Proposal #1:
Introduce UE demodulation requirements under assumption of standalone V2V operation (i.e. no WAN operation/coverage)
In the scope of the V2V WI the Rel-12/13 PSSCH and PSCCH physical channels were enhanced to support V2V communication under high speed conditions. Meantime, the PSBCH design was not finalized and moved to the V2X WI. Therefore, the UE demodulation requirements for the V2V PSSCH and PSCCH should be introduced only.

Proposal #2:
Introduce UE demodulation performance requirements for V2V PSSCH and PSCCH physical channels. Do not introduce requirements for other physical channels.
2.2 Test purposes
In our view the set of Rel-14 V2V demodulation test cases should be based on the set of requirements introduced for Rel-12 D2D. In particular, the following test purposes are anticipated:

1) Single-link PSSCH and PSCCH demodulation performance

· Capability to handle high CFO
· Capability to handle high Doppler spread

· Capability of PSCCH DMRS blind detection

2) Multi-link PSSCH and PSCCH demodulation performance

· Capability to perform simultaneous reception of multiple V2V links with different propagation conditions (time offset, carrier frequency error, delay spread, Doppler spread)
· Capability to perform reception of links with max power imbalance

3) Verification of V2V peak rate communication capabilities

· Handling of multiple PSCCH signals

· Handling of peak rate PSSCH transmissions

Proposal #3:
The V2V demodulation test cases purposes are to verify:
1) Single-link PSSCH and PSCCH demodulation performance

2) Multi-link PSSCH and PSCCH demodulation performance

3) V2V peak rate communication capabilities

2.3 Target scenarios

Carrier frequency

As mentioned above “RAN4 prioritized to specify the requirements … on a dedicated V2V carrier…”. The dedicated carrier is considered to be the ITS spectrum carrier and, hence, V2V UE demodulation requirements should be defined for Band 47 (5.9 GHz carrier frequency). Such high carrier frequency implies the worst case conditions in terms synchronization and high mobility impacts on the UE demodulation performance. If UE can satisfy the demodulation requirements for the case of 5.9 GHz carrier frequency then it should be capable to provide robust performance for the low frequency conditions as well.
Synchronization
In the previous meeting the work on the GNSS synchronization method was prioritized, while work on the SLSS and eNB based synchronization approaches were deprioritized and deferred to a later stage. Therefore, the V2V UE demodulation requirements should be defined under assumptions of using GNSS synchronization, which has ±12Ts timing and ±0.1ppm frequency accuracy. Such type of errors should be assumed for both TX and RX nodes for the purpose of minimum requirements definition.
In addition, we would like to note GNSS based synchronization is expected to ensure better timing and frequency accuracy comparing to the SLSS and eNB based synchronization approaches. In case the UE demodulation requirements are now defined based solely under GNSS based synchronization assumptions, then further some compatibility issues may be foreseen once SLSS and eNB based synchronization methods are introduced and the requirements may need to be revisited to ensure joint operation of UEs with different synchronizations sources in the same network. So, RAN4 should further discuss on how to handle requirements forward compatibility.
High speed propagations conditions
In accordance to the WID the V2V communication should be supported for the 500km/h relative vehicles speed conditions. Meantime, the existing V2V physical channels design is not completely optimized for such high speed environments and the eventual performance requirements may need to be defined for the lower speeds.
Channel models
Depending on whether V2V link has LOS or NLOS propagation conditions either Doppler shift or Doppler spread effects would dominate. The receiver algorithms to handle both Doppler shift and spread effects need to be considered. Therefore, different channel models should be considered for verification of both implementations. In particular, static channels can be considered for the verification of the shift (CFO) handling, while EVA or ETU channels can be used for the verification of the high Doppler spread handling.

Summary
In summary we have the following suggestions on the scenarios for the V2V UE demodulation requirements definition:
Proposal #4:
The following scenarios are used for UE V2V demodulation requirements definition:
· V2V operation on dedicated Band 47 carrier (5.9 GHz carrier frequency)

· GNSS synchronization scenarios
· ±12Ts timing and ±0.1ppm frequency accuracy at both TX and RX nodes is assumed

· FFS if forward compatibility for eNB/SLSS synchronization should be considered.
· Consider high speed propagation conditions. Exact max speed values are FFS.
· Consider static channel models for the CFO handling verifications. Consider fading EVA or ETU models for the Doppler spread handling verification.
3. V2V Reference Receiver Assumptions
In order to the V2V UE demodulation performance requirements, certain assumptions on the reference receiver structure should be made. In particular, we think that at least the following aspects should be discussed and agreed:
· Timing and frequency synchronization errors at the receiver side

· AGC settling time

· RX timing window selection

· CFO estimation assumptions

· Channel estimation assumptions

· PSCCH DMRS detection

Timing and frequency errors

As discussed above, the V2V UE demodulation requirements should be defined under assumptions of using GNSS synchronization for both V2V transmitter and receiver. Therefore, ±12Ts timing and ±0.1ppm frequency accuracy should be assumed for the definition of the minimum UE demodulation performance requirements.
AGC settling time

Similar to the Rel-12 D2D requirements, single symbol AGC settling time can be assumed for the definition of the minimum performance requirements.
RX timing window selection
The Rel-12 D2D UE demodulation requirements are defined under assumption that the UE receiver timing window has CP/2 offset relative to the reference timing. Such assumptions were introduced since the timing references of different UEs could be substantially different (e.g. different eNBs) and could result in positive/negative timing offsets. For V2V communication in case of using solely GNSS based synchronization, there is no need to follow same assumptions and the RX timing window can be adjusted to ensure wider coverage. However, in case the V2V operation is further extended for the scenarios with possibly other synchronization sources then there may be mismatch in the TX timing references between the V2V transmitters, since the transmit timing can be misaligned. So, to maintain further compatibility with other sync source types it is suggested that the minimum performance requirements are defined under assumption of CP/2 based timing window (i.e. RX window starts at CP/2 after TX timing reference) similar to D2D. Such settings would lead to ~700m V2V communication range which should still be sufficient for the use cases considered during the RAN1 studies.
CFO estimation 

The carrier frequency offset compensation is one of the key features to provide reliable V2V communication. Under assumption of using GNSS synchronization sources only, there are a few factors contributing to the overall frequency errors at the receiver side:

· TX frequency synchronization error: The max error is ±0.1 ppm = 590 Hz for the 5.9GHz carrier.

· RX frequency synchronization error: The max error is ±0.1 ppm = 590 Hz for the 5.9GHz carrier.

· V2V link Doppler shift: Depends on the channel characteristics (LOS/NLOS), carrier frequency, and relative velocity of transmitter and receiver (direction and speed). The max error for the 5.9GHz carrier and 500km/h relative UE speed can be ~2.7kHz.

The dependency of the overall upper bound frequency error at the receiver vs the relative UE speed is illustrated in Figure 1. It may be observed that the max CFO is upper bounded by 3.9 kHz.
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Figure 1. RX frequency error vs relative UE speed
As shown by RAN1 studies, in order to ensure reliable performance, UE is required to estimate and compensate the receive signal frequency errors. Two generic approaches for the frequency error estimation were considered during the recent RAN1 studies:
1) Cross DMRS symbols CFO estimation
Following this approach the CFO can be estimated as the phase offset between the signals on the two DMRS symbols. The full processing can be done in frequency domain and implies relatively small processing complexity. The drawback of this approach is that the max estimated CFO is upper bounded by the time interval between the two DMRS symbols (i.e. 3 OFDM symbols). In particular, the max estimated CFO is ~2.3 kHz. Under assumption of ±0.1 ppm TX/RX frequency errors it corresponds to ~200km/h relative UE speed. Under assumption on no TX/RX synchronization errors the max estimated CFO corresponds to ~420km/h relative UE speed. In addition, we’d like to note that for low frequencies (e.g. 2GHz), such method can be used to compensate the CFO for max speeds exceeding 500km/h.
2) Single DMRS symbol CFO estimation

Based on this approach the CFO can be estimated on a single DMRS symbol via signal conversion to time domain. This approach potentially allows up to 15 kHz max CFO estimation, however, it may have poor estimation accuracy for the NLOS propagation conditions and may inject additional errors in case the actual CFO is relatively small. So additional studies on the algorithm performance may be needed. The main disadvantage of this algorithm is the increased UE implementation complexity. In particular, UE is expected to perform multiple frequency-time conversions of the receive signal on the DMRS signal for signals from different sources.
In summary we think that the minimum performance requirements can be defined based on the “cross DMRS CFO estimation” (i.e. for max CFO < the max one which can be estimated using different DMRS). Meantime, additional studies of the achievable performance and complexity of both methods may be beneficial.

Channel estimation

Channel estimation assumptions may have noticeable impact on the UE demodulation performance. In particular, the V2V links are expected to experience severe channel variations in time domain for the high speed propagation conditions. In particular, for the NLOS channels the high speed propagation conditions would result in the strong Doppler spread effects. For 500km/h relative UE speed the maximum Doppler frequency is upper bounded by ~2.7kHz. Assuming using of MMSE channel estimation filter with channel interpolation in time domain, the maximum Doppler spread which may be handled is ~2.4kHz (similarly to CFO it depends on the distance between the DMRS symbols). Hence, the max handled speed under NLOS scenarios can be ~420km/h. Several time domain channel estimation approaches can be considered for the minimum requirements definition:

1) Linear interpolation between DMRS symbols

2) MMSE filtering under robust Doppler spread assumptions

3) MMSE filtering for the estimated Doppler spread

RAN4 is recommended to further study the performance/feasibility of Doppler spread estimation for the V2V demodulation and define requirements based on aligned assumptions.
Receiver structure

Basic LMMSE-MRC receiver structure can be assumed for the definition of the minimum V2V UE demodulation requirements.
PSCCH DMRS detection
In accordance to the RAN1 design the cyclic shift for the PSCCH DMRS is randomly selected out of {0, 3, 6, 9} by the transmitter on a subframe basis. In order to perform successful PSCCH reception, UE should be capable to perform blind detection of different PSCCH DMRS in order to keep same PSCCH decoding complexity. Otherwise, UE may need to perform blind testing of 4x amount of SA hypothesis. In general both implementation are possible and the V2V UE demodulation performance requirements should be able to ensure that UE can detect the PSCCH with random cyclic shift selection.
Summary

In summary, we have the following suggestions on the reference receivers for V2V UE demodulation requirements:
Proposal #5:
Reference receiver assumptions for UE V2V demodulation requirements:

· ±12Ts timing and ±0.1ppm frequency accuracy

· 1 symbol AGC settling time

· RX timing window is assumed to be set on CP/2 from the GNSS reference time

· Further study performance/complexity of “cross-DMRS” and “single-DMRS” CFO estimation algorithms
· Further study channel and Doppler spread estimation impacts on the V2V UE demodulation performance
· LMMSE-MRC reference receiver structure is used

· V2V UE receiver is capable of PSCCH DMRS cyclic shift blind detection
4. Conclusions

In this contribution we have provided our views on the scope of V2V UE demodulation requirements, test purposes, scenarios and also share our considerations on the V2V reference receiver assumptions. In summary, we make the following proposals:
Proposal #1:
Introduce UE demodulation requirements under assumption of standalone V2V operation (i.e. no WAN operation/coverage)
Proposal #2:
Introduce UE demodulation performance requirements for V2V PSSCH and PSCCH physical channels. Do not introduce requirements for other physical channels.

Proposal #3:
The V2V demodulation test cases purposes are to verify:
1) Single-link PSSCH and PSCCH demodulation performance

2) Multi-link PSSCH and PSCCH demodulation performance

3) V2V peak rate communication capabilities

Proposal #4:
The following scenarios are used for UE V2V demodulation requirements definition:

· V2V operation on dedicated Band 47 carrier (5.9 GHz carrier frequency)

· GNSS synchronization scenarios

· ±12Ts timing and ±0.1ppm frequency accuracy at both TX and RX nodes is assumed

· FFS if forward compatibility for eNB/SLSS synchronization should be considered.

· Consider high speed propagation conditions. Exact max speed values are FFS.

· Consider static channel models for the CFO handling verifications. Consider fading EVA or ETU models for the Doppler spread handling verification.

Proposal #5:
Reference receiver assumptions for UE V2V demodulation requirements:

· ±12Ts timing and ±0.1ppm frequency accuracy

· 1 symbol AGC settling time

· RX timing window is assumed to be set on CP/2 from the GNSS reference time

· Further study performance/complexity of “cross-DMRS” and “single-DMRS” CFO estimation algorithms
· Further study channel and Doppler spread estimation impacts on the V2V UE demodulation performance.
· LMMSE-MRC reference receiver structure is used

· V2V UE receiver is capable of PSCCH DMRS cyclic shift blind detection
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