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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:

	The detailed objectives of this work item are as follows:

1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;

d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;


Furthermore, at the RAN1#90, the following work assumptions were approved and agreements were reached to provide the support of 64QAM modulation for sidelink V2V communication [2]:
	Working assumption:
· Differentiation of Rel-15 transmission using 64-QAM and Rel-14 transmission is signaled in the SCI

· No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM 

Agreement:  Select one of the following four options:

· Option 1: Use existing MCS table with TBS scaling

· Option 1a: with scaling for 64-QAM only

· Option 1b: with scaling for all MCSs

· Option 2: Introduce a modified MCS table for Rel-15 V2X UE
· Option 3: Use existing MCS table with no TBS scaling



In this contribution, we discuss the different options listed above, as well as other options to enable 64-QAM supported by link-level simulation results. Our views on other V2V enhancements are provided in our companion contributions [4]-[9].
2 Demodulation Challenges

The demodulation performance is one of the major technical challenges for LTE-V2V communication due to high vehicle speed and high Doppler spread or shift effects, emphasized by propagation at relatively high carrier frequency allocated for ITS spectrum – 5.9 GHz. The significant channel variation in time and ICI can potentially prevent reliable communication using high order modulations. In order to reduce impacts from channel estimation errors and ICI, the larger subcarrier spacing is beneficial for LTE V2V communication. However, introduction of new LTE-V2V numerology and waveform was precluded by the work item scope, therefore in this document we discuss other possible enhancements to support 64-QAM for LTE-V2V communication.
3 LTE-V2V Demodulation Performance for 64-QAM
In this section, we provide demodulation performance for LTE V2V sidelink communication for different vehicle speeds in LOS and NLOS channels. We study PSSCH performance when 64QAM is used for transmission of 300 bytes packet. The 4, 5 and 6 PRB allocations and single TTI are used for V2V transmission having the following effective code rates calculated assuming 8 symbols available for shared channel transmission: ~ 3/4; 5/6; 7/8. The following relative vehicle speed values were considered for analysis: 6, 60, 120, 240 km/h (corresponding to 3, 30, 60, 120 km/h absolute speed of each vehicle). The list of used evaluation assumptions is provided in Table 1 and Table 2 in Annex A.

Link level evaluation results for MCS 21 are shown in Figure 1.
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Figure 1: LTE-V2V 64QAM demodulation performance for the LOS channel (left) and NLOS channel (right).

Observation 1
· Performance of LTE-V2V communication with 64QAM modulation is sensitive to the vehicle’s relative speed.
· Significant degradation is observed for relative vehicle speed above 120 km/h.

4 Potential Enhancements for 64QAM Support
The LTE-V2V communication performance for 64QAM modulation can be limited by ICI and channel estimation error. The following potential design enhancements can be considered:
DMRS Enhancements
Using additional resource elements for PSSCH DMRS can decrease channel estimation error for PSSCH and increase performance of 64QAM modulation for V2V communication. New enhanced PRB structures with additional resource elements for the PSSCH DMRS signals are shown in Figure 2. In general, it is possible to optimize DMRS patterns to improve demodulation performance at high speed, however as it was extensively discussed during the LTE R14 new DMRS patterns violate SC-FDMA constraints and thus were not agreed. Given the previous decisions, we prefer not to re-discuss DMRS topic, especially considering the fact that 64QAM support will be anyway limited to low speed scenarios.
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Figure 2: Legacy (a) and enhanced (b)-(e) DMRS patterns for 64QAM transmission format

Observation 2
· Channel estimation error can be decreased by introducing additional resource elements to V2V DMRS signals.
Rate-matching 
For LTE-V2V communication assuming 64QAM format, the rate-matching can be done across four DMRS symbols, additional DMRS REs, if introduced, last symbol and the first symbol of the subframe assuming it is used for AGC at receiver side. The proper rate-matching behavior will improve 64QAM demodulation performance, especially for high code rates.

Comparison of existing bit puncturing approach and proposed rate-matching method for 60 km/h relative speed is shown in Figure 3.
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Figure 3: Rate-matching LTE-V2V 64QAM demodulation performance for 
LOS channel (left) and NLOS channel (right).

Observation 3
· LTE R14 sidelink rate-matching behavior can be revised to improve 64QAM demodulation performance.

Enhancement of the Transport Block Size Determination 
The LTE R14 transport block size table was designed assuming fixed implementation overhead in terms of amount of REs used for channel estimation per PRB. For LTE R8, there are two DMRS symbols per UL subframe, which results in 2 out of 14 symbols implementation overhead for channel estimation. In R14, the implementation overhead is increased to 6/14 (4 DMRS symbols, 1 gap symbol, and 1 symbol for AGC settling time). The large implementation overhead results in effective code rates larger than 1 for high MCS indexes. In order to avoid this issue, new TBS table with reduced TBS sizes can be designed or existing TBS can be scaled down to take into account implementation overhead.
Both options 1a) and 1b) agreed in RAN1#90 consider a down scaling of the TBSs from LTE R14. Option 1a) consider only a TBS scaling for the MCS indexes corresponding to the 64QAM format. Option 1b) considers the scaling of all existing TBS for all MCS indexes.
In order to avoid a change in the TBS table 7.1.7.2.1-1 in 3GPP 36.213 [3] from LTE R14 or to add a new TBS table in LTE R15, we can implement the scaling by reducing the number of PRBs allocated. This means that we take another column of the TBS table at the left of the original one in a similar way as specified for LAA.

To calculate the new number of PRBs, let us call [image: image11.png]Args



 the TBS scaling factor. We call the new number of PRB as [image: image13.png]Neps



 that is defined as
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where [image: image17.png]IbRE



 is the original total number of allocated PRBs according to 7.1.6 from 3GPP 36.213 [3] LTE R14.
In Figure 4, we show the spectral efficiency as a function of the MCS index for the different options agreed in RAN1#90 and for different TBS scaling factors, namely [image: image19.png]0.7



 and [image: image21.png]0.8



. As references we have also included the spectral efficiency of LTE UL R8 and LTE V2V R14. Furthermore, we have taken into account the overhead from DMRS and punctured symbols. The spectral efficiency curves are valid for both the cases when the first symbol is punctured at the receiver, i.e. AGC has not settled yet, or when the receiver is able to demodulate the first symbol. In the first case the number of resource elements per PRB is [image: image23.png]


 and in the second [image: image25.png]


. We have also highlighted the points corresponding to MCS indexes where for all TBS values result in a code rate greater than 0.931 and retransmissions will be necessary.
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Figure 4: Spectral efficiency for different options to enable 64-QAM for R15 LTE V2V
From the results shown in Figure 4, we can see that option 1a) would result in two MCS values having the same spectral efficiency depending on the scaling factor. In other words, the spectral efficiency does not monotonically increase with the MCS index as usually desired, resulting in a waste of MCS indexes. Moreover, for most TBSs of MCS18, all TBSs of MCS19 and MCS20 have code rate above 0.931 and will need retransmissions.
Option 1b) preserves the property of monotonically increasing the spectral efficiency at the price of a reduced spectral efficiency. The larger the scaling factor, the lower is the spectral efficiency loss. The scaling factor has to be chosen such that the code rate is below 0.931 for a certain number MCS indexes corresponding to 64-QAM. In the above example, we can see that MCS28 and [image: image28.png]0.8



 cannot be employed without retransmissions. For [image: image30.png]0.7



 all the MCS indexes can be employed without retransmissions.  Option 1b) is the simplest choice from the implementation perspective and requires neither changes in the MCS and TBS tables, nor the inclusion of new tables, if the a similar procedure as in LAA is employed to determine the number of PRBs as described above.
Option 2 also preserves the property of monotonically increasing the spectral efficiency and keeps the higher level of spectral efficiency at the cost of lower reliability due to the higher code rates when compared to LTE UL R8, for example. But it also requires to introduce a new MCS table, to allow the use of MCS18, MCS19 and MCS20 without retransmissions. Moreover, for some TBSs corresponding to MCS24, and for all in MCS25-MCS28 still keep the code rate above 0.931 and will require retransmissions if utilized.

Option 3 implies no changes neither to MCS nor to TBS tables or introduction of new tables. This option is represented by the LTE V2V R14 curve above and imply in too high code rate for MCS18, 19, 20, 25, 26, 27 and 28. 

Observation 4

· Option 1a) does not solve the problem of high code rate for some MCS indexes and introduces redundant MCS indexes in terms of spectral efficiency. Lower MCS indexes have lower reliability.
· Option 1b) preserves the monotonically increase of the spectral efficiency, allows to reduce the code rate for all MCS indexes (increases reliability), and enables the use of all MCS without retransmissions at the cost of lower spectral efficiency.

· Option 2 preserves the monotonically increase of the spectral efficiency at the cost of lower reliability, introduction of new MCS tables and keeps the problem of too high code rate for high MCS indexes.

· Option 3 requires no changes in the LTE V2V R14 specifications at the cost of too high code rate for single retransmission of many MCS indexes and lower reliability.
Link-level simulation results for a scaled TBS table with [image: image32.png]0.7



, with puncturing and rate-matching approach for 60 km/h relative speed are shown in Figure 5.
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Figure 5: Rate-matching and puncturing of LTE-V2V 64QAM with scaled TBS table.
In Figure 5, we can see that by applying the scaling in the TBS table the results have significantly improved and made viable to use nearly all the MCS indexes. Also the combination of TBS scaling with rate matching shows an additional improvement when compared to TBS scaling with puncturing of the first and last symbol of subframe.
Observation 5
· LTE-V2V communication with 64QAM based on R14 transmission format does not work for multiple MCS indexes. 
· For improved 64QAM demodulation performance, the LTE R14 TBS table needs to be scaled to improve performance.
Proposal 1
· Use Option 1b) to improve LTE V2V demodulation performance, including support of 64QAM demodulation (i.e. LTE-V2V R15 employs a scaled TBS table for all MCS values).
5 Compatibility Considerations
Compatibility with R14 UEs

Compatibility with R14 terminals that do not support 64QAM demodulation is an open issue. R14 UEs do not expect 64QAM transmission and interpret high MCS indexes (corresponding to 64QAM modulation in MCS table) as 16QAM modulation [3]: “The modulation order is determined using the "modulation and coding scheme" field (
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”. Therefore, R14 UEs cannot receive 64QAM transmission from R15 UEs.
Observation 6
· R14 UEs cannot demodulate 64QAM transmission from R15 UEs.

Impact on R15 UEs

If R14 and R15 UEs share the same resource pool and there is no additional signaling defined to differentiate R14 and R15+ transmissions, the R15 UEs will need to perform blind decoding (one assuming 16QAM format and one assuming 64QAM format) for MCS indexes corresponding to 64QAM modulation, given that R15 receiver does not know whether this is a 16QAM transmission from R14 UE or actual 64QAM transmission from R15 UE.
Observation 7
· Additional signaling needs to be defined to differentiate R14 16QAM transmissions having MCS indexes corresponding to 64QAM with actual 64QAM transmissions by R15+ UEs.
On additional control signaling
In case of sharing R14 resource pools by R14 and R15 UEs, the additional control signaling will be needed to differentiate R14 and R15 transmissions for high order modulations and avoid the need for dual blind decoding behavior for R15 UEs. In order to provide differentiation of R14 and R15 transmissions utilizing scaled down TBS table the indication in SCI Format 1 fields is needed. SCI Format 1 in R14 has a maximum of 25 bits occupied out of 32 bits in total. This means that there are 7 reserved bits that can be partially reused to address this issue. In this case, SCI Format 1 in R15 can be compatible with R14 UEs.
The final control signaling details needs to be discussed based on further analysis of use cases to be supported in LTE R15 V2X design.
Observation 8

· SCI Format 1 has at least 7 reserved bits that can be partially reused to indicate the use of 64QAM and/or of TBS scaling.

6 Summary
In this contribution, we have analyzed 64QAM transmission for LTE-V2V communication and observed that enhancements are needed to support 64QAM demodulation for LTE V2V communication on sidelink. Based on the conducted analysis we have the following set of observations and proposals:
Observation 1
· Performance of LTE-V2V communication with 64QAM modulation is sensitive to the vehicle’s relative speed.

· Significant degradation is observed for relative vehicle speed above 120 km/h.

Observation 2

· Channel estimation error can be decreased by introducing additional resource elements to V2V DMRS signals.

Observation 3

· LTE R14 sidelink rate-matching behavior can be revised to improve 64QAM demodulation performance.

Observation 4

· Option 1a) does not solve the problem of high code rate for some MCS indexes and introduces redundant MCS indexes in terms of spectral efficiency. Lower MCS indexes have lower reliability.
· Option 1b) preserves the monotonically increase of the spectral efficiency, allows to reduce the code rate for all MCS indexes (increases reliability), and enables the use of all MCS without retransmissions at the cost of lower spectral efficiency.

· Option 2 preserves the monotonically increase of the spectral efficiency at the cost of lower reliability, introduction of new MCS tables and keeps the problem of too high code rate for high MCS indexes.

· Option 3 requires no changes in the LTE V2V R14 specifications at the cost of too high code rate for single retransmission of many MCS indexes and lower reliability.

Observation 5
· LTE-V2V communication with 64QAM based on R14 transmission format does not work for multiple MCS indexes. 

· For improved 64QAM demodulation performance, the LTE R14 TBS table needs to be scaled to improve performance.

Observation 6
· R14 UEs cannot demodulate 64QAM transmission from R15 UEs.

Observation 7
· Additional signaling needs to be defined to differentiate R14 16QAM transmissions having MCS indexes corresponding to 64QAM with actual 64QAM transmissions by R15+ UEs.

Observation 8

· SCI Format 1 has at least 7 reserved bits that can be partially reused to indicate the use of 64QAM and/or of TBS scaling.
Proposal 1
· Use Option 1b to improve LTE V2V demodulation performance, including support of 64QAM demodulation (i.e. LTE-V2V R15 employs a scaled TBS table for all MCS values).
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Annex A. Link Level Evaluation Assumptions

In this section, in Table 1, Table 2 and Table 3 we provide the list of link level evaluation assumptions used for demodulation analysis.
Table 1: Link level evaluation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	FFT size
	1024

	Carrier frequency
	6 GHz

	Number of TTI
	1

	Packet size
	300 bytes 

	Channel
	PSSCH

	Channel model
	IMT-Advanced

	Vehicle relative speed
	6, 60, 120, 240 km/h

	CP type
	Normal

	Modulation
	64QAM, TX EVM 10%


Table 2: Legacy MCS and TBS size table for 64QAM modulation
	MCS
	TBS index
	Allocation, PRB 
	TBS, bits
	Code Rate

	21
	19
	6
	2600
	0.7593

	22
	20
	6
	2792
	0.8148

	23
	21
	5
	2472
	0.8667

	24
	22
	5
	2664
	0.9333

	25
	23
	5
	2856
	1.000

	26
	24
	4
	2408
	1.0556

	27
	25
	4
	2536
	1.1111

	28
	26
	4
	2984
	1.0365


Table 3: Modified MCS and TBS size table for 64QAM modulation
	MCS
	TBS index
	Allocation, PRB 
	TBS, bits
	Code Rate

	21
	19
	10
	2984
	0.5181

	22
	20
	10
	3240
	0.5625

	23
	21
	10
	3496
	0.6069

	24
	22
	10
	3752  
	0.6514

	25
	23
	10
	4008
	0.6958

	26
	24
	10
	4264
	0.7403

	27
	25
	10
	4392
	0.7624

	28
	26
	10
	5160
	0.8958
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