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1. Introduction
Cellular V2X (C-V2X), which means providing V2X services using 3GPP technology, is now actively under discussion in various organizations and regulatory bodies as a potential solution of radio communication for intelligent transport system (ITS). In order to maximize the penetration of C-V2X into the real ITS market, it will be beneficial to introduce features that can be attractive to the ITS-related societies. “Narrowband V2X,” which basically means V2X operations using “bandwidth limited sidelink transmissions” similar to the bandwidth limited transmissions of the uplink of Cat-M1 UEs, can be such a feature since it can reduce the UE power consumption and implementation cost which are of importance in practical V2P and V2I deployments.
This contribution discusses the motivation of narrowband V2X and its standardization options.
2. Motivation of narrowband V2X
The idea of the narrowband V2X is basically to reduce the maximum sidelink bandwidth supported by a UE in order to reduce the power consumption and implementation cost. It was observed that reducing maximum transmission bandwidth can contributed to UE power and cost reduction [1]. According to the UE power consumption model in [2], introducing narrowband transmissions can save UE power consumption as shown in the following table. We note that Table 1 shows the power consumption at the time of UE transmissions, and more analysis on the overall power consumption (e.g., considering the idle duration, GNSS on/off, etc.) is provided in Appendix
Table 1: Comparison of power consumption of bandwidth limited SL TX and Rel-14 SL TX with full bandwidth
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	Power consumption of bandwidth limited SL TX [unit]
	0.40 
	0.43 
	0.53 
	0.85 
	3.20 

	Power consumption of Rel-14 SL TX with full bandwidth [unit]
	1.00 
	1.04 
	1.18 
	1.62 
	4.00 

	Power saving gain [%]
	60.00 
	58.64 
	55.01 
	47.60 
	20.00 


From the transmitter operation viewpoint, this narrowband V2X well matches the design of Rel-14 LTE sidelink transmission modes 3 and 4. This is because each UE in sidelink transmission modes 3 and 4 typically uses only a part of the system bandwidth for its message transmission, i.e., uses only few consecutive PRBs allocated by eNB grant or selected by UE’s own sensing. Therefore, as far as the transmission operation is concerned, a V2X UE may not need to transmit its PSCCH/PSSCH with the circuits implemented to support the entire system bandwidth (e.g., 10 MHz bandwidth). Rather, a UE may implement its circuits to support only a narrow bandwidth (e.g., 1.4 MHz bandwidth) in sidelink and set its transmission bandwidth to cover the actual frequency resources used for its PSCCH/PSSCH transmissions. Allowing such an implementation can reduce the power consumption and implementation cost of some UEs in an operation scenario where some V2X UEs only perform sidelink transmissions. It is noted that a receiver (typically V-UEs in the scenarios to be discussed below) may still need to support sidelink reception over the entire channel bandwidth in order to receive messages transmitted from multiple narrowband V2X UEs in an FDM manner. Figure 1 illustrates the narrowband V2X operations.
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Figure 1. An illustration of narrowband V2X operations.

One scenario for the narrowband V2X is V2P operations where P-UE transmits and V-UE receives. It is well understood that power consumption and implementation cost is one of the key aspects for the success of V2P operations, and having the feature of narrowband V2X would make C-V2X more attractive in the market. As there are ongoing activities in some ITS organizations for V2P services (e.g., [3, 4]), it is desirable for 3GPP RAN WGs to start the related standardization work in time so that further optimized 3GPP V2P solutions can be considered and compared with other alternatives there. Note that V2P operations with the bandwidth limited sidelink transmissions can be applicable to bandwidth limited UEs e.g. Rel-14 eMTC UEs as well as to normal bandwidth UEs that can perform uplink and downlink without bandwidth limitations. 
Another scenario where the narrowband V2X is useful is V2I operations where UE-type RSUs transmit some information to V-UEs with a low data rate. The examples of such information can include local traffic information such as traffic signs on the highway and traffic signals on the road. Such information can help V-UEs detect traffic information and traffic signals e.g. at night or in a foggy day. Deploying RSUs based on narrowband V2X UEs can be more cost effective compared to deploying normal Rel-14 V2X UEs as RSU, and can contribute to the penetration of LTE V2X considering the fact that RSU deployment cost can be a big burden.
It is noted that this narrowband V2X operation should be supported in the sidelink transmissions in Band 47 (i.e., 5.9 GHz band) as this scenario is considered as one of the most viable C-V2X operations. Furthermore, such narrowband V2X transmissions should be received by Rel-14 UEs operating in the same band. Once such a basic feature of narrowband V2X is introduced in Rel-15, its further enhancement can be considered in future releases.
3. Possible options for standardization

The discussions in the previous section motivate a Rel-15 WI containing an objective that supports narrowband V2X transmission in Band 47. As these narrowband V2X transmissions should be received by Rel-14 UEs, it is expected that the required specification work will not be huge. Most of works in Rel-15 will be to define RF requirement in RAN4, but even this scope would not require big efforts as the outcome of eMTC WI can be the reference. Some small works seem necessary in RAN1 and RAN2. For example, if a bandwidth limited UE transmits over two subframes (e.g., for HARQ retransmission of a MAC PDU) using different frequency resources, some switching time is required for transmit circuit retuning. For another example, new UE category needs to be defined to introduce the UEs having limited bandwidth in sidelink transmissions. An example of the objective to support narrowband V2X can be as follows:
· Objective: Support PSCCH/PSSCH transmissions, which can be received by Rel-14 UEs, in Band 47 from a UE whose maximum transmission bandwidth is 1.4 MHz. To be specific,

· Specify RF requirement for PSCCH/PSSCH transmissions of the bandwidth limited UEs [RAN4]

· Specify a solution to ensure sufficient switching time between two transmission subframes using different frequency resources [RAN1, RAN2]

· Specify necessary protocol support at least including definition of related UE category [RAN2].
Considering the already existing Rel-15 WI/SI, several options can be considered in RAN#77 for the actual specification work in RAN WGs.
· Option 1: Include the narrowband V2X objective in the ongoing Rel-15 V2X phase 2 WI by updating the WID.
· Option 2: Include the narrowband V2X objective in a follow-up WI of Rel-15 feD2D SI, if such a WI is approved with the general scope of narrowband sidelink which can be operated separately from the UE-to-network relaying feature.

· Option 3: Create a standalone WI that includes only the narrowband V2X objective.

It is suggested that interested companies consider the proper option to support the narrowband V2X feature which will be one important technical component for wider spread of 3GPP V2X technologies.

4. Conclusion
This contribution discussed the motivation and standardization option of the narrowband V2X. The following proposal was made in order to have an opportunity for a wider market for LTE V2X.
Proposal: It is proposed to consider Rel-15 standardization of sidelink transmissions with 1.4 MHz system bandwidth in Band 47 under the constraint that these transmissions shall be received by Rel-14 UEs.
Appendix. Analysis on the overall power consumption of narrowband V2X
The overall power consumption of P-UE performing narrowband V2X transmissions is dependent of several factors such as the frequency of sidelink transmissions and on/off of GNSS module. For the frequency of sidelink transmissions, the UE speed can affect the V2X message generation interval, and noting that SA1 has considered not only pedestrians but also bicycles and motorcycles in defining V2P use cases, several different V2X message generation intervals are considered in this analysis. To be specific, we can consider the speed range of 0 – 40 km/h considering the bicycle speed in [5] and the speed-dependent message interval of CAM generation rule can be used for this analysis. Furthermore, use of HARQ retransmission can also affect the power consumption result.
Table A1. CAM interval and UE speed [6]

	Speed of the UE, S
	CAM Interval

	144 km/h ≤ S
	100 ms

	72 km/h ≤ S < 144 km/h
	200 ms

	48 km/h ≤ S < 72 km/h
	300 ms

	36 km/h ≤ S < 48 km/h
	400 ms

	28.8 km/h ≤ S < 36 km/h
	500 ms

	24 km/h ≤ S < 28.8 km/h
	600 ms

	20.6 km/h ≤ S < 24 km/h
	700 ms

	18 km/h ≤ S < 20.6 km/h
	800 ms

	16 km/h ≤ S < 18 km/h
	900 ms

	0 ≤ S < 16 km/h
	1 sec


About the GNSS module, we can consider three different cases. Two of them are extreme in the sense that GNSS module is always on or always off. In the third case, a kind of power saving mechanism is operated on the GPS module. To our knowledge, there is an implementation which obtains the UE location in about 200 ms and turns off the GNSS module until the next location update when the received GNSS signal is in moderate-to-strong condition.
The overall power consumption analysis is provided in the following tables; three different factors affect the power consumption – the message interval (which may be related to the UE speed), use of HARQ retransmission, and the GNSS module management.

Table A2. Power consumption with message interval = 400 ms and GNSS always off.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.01098 
	0.01105 
	0.01130 
	0.01210 
	0.01798 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.01248 
	0.01258 
	0.01293 
	0.01403 
	0.01998 

	
	Power saving gain [%]
	12.02 
	12.13 
	12.57 
	13.73 
	10.01 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.01195
	0.01210
	0.01260
	0.01420
	0.02595

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.01495
	0.01515
	0.01585
	0.01805
	0.02995

	
	Power saving gain [%]
	20.07
	20.13
	20.50
	21.33
	13.36


Table A3. Power consumption with message interval = 400 ms and GNSS always on.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.09098 
	0.09105 
	0.09130 
	0.09210 
	0.09798 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.09248 
	0.09258 
	0.09293 
	0.09403 
	0.09998 

	
	Power saving gain [%]
	1.62 
	1.65 
	1.75 
	2.05 
	2.00 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.09195
	0.09210
	0.09260
	0.09420
	0.10595

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.09495
	0.09515
	0.09585
	0.09805
	0.10995

	
	Power saving gain [%]
	3.16
	3.21
	3.39
	3.93
	3.64


Table A4. Power consumption with message interval = 400 ms and GNSS on during 200 ms for every message.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.05098 
	0.05105 
	0.05130 
	0.05210 
	0.05798 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.05248 
	0.05258 
	0.05293 
	0.05403 
	0.05998 

	
	Power saving gain [%]
	2.86 
	2.90 
	3.07 
	3.56 
	3.33 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.05195 
	0.05210 
	0.05260 
	0.05420 
	0.06595 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.05495 
	0.05515 
	0.05585 
	0.05805 
	0.06995 

	
	Power saving gain [%]
	5.46 
	5.53 
	5.82 
	6.63 
	5.72 


Table A5. Power consumption with message interval = 600 ms and GNSS always off.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.01065 
	0.01070 
	0.01087 
	0.01140 
	0.01532 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.01165 
	0.01172 
	0.01195 
	0.01268 
	0.01665 

	
	Power saving gain [%]
	8.58 
	8.68 
	9.07 
	10.12 
	8.01 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.01130
	0.01140
	0.01173
	0.01280
	0.02063

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.01330
	0.01343
	0.01390
	0.01537
	0.02330

	
	Power saving gain [%]
	15.04
	15.14
	15.59
	16.70
	11.44


Table A6. Power consumption with message interval = 600 ms and GNSS always on.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.09065 
	0.09070 
	0.09087 
	0.09140 
	0.09532 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.09165 
	0.09172 
	0.09195 
	0.09268 
	0.09665 

	
	Power saving gain [%]
	1.09 
	1.11 
	1.18 
	1.38 
	1.38 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.09130
	0.09140
	0.09173
	0.09280
	0.10063

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.09330
	0.09343
	0.09390
	0.09537
	0.10330

	
	Power saving gain [%]
	2.14
	2.18
	2.31
	2.69
	2.58


Table A7. Power consumption with message interval = 600 ms and GNSS on during 200 ms for every message.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.03732 
	0.03737 
	0.03753 
	0.03807 
	0.04198 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.03832 
	0.03838 
	0.03862 
	0.03935 
	0.04332 

	
	Power saving gain [%]
	2.61 
	2.65 
	2.81 
	3.26 
	3.08 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.03797 
	0.03807 
	0.03840 
	0.03947 
	0.04730 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.03997 
	0.04010 
	0.04057 
	0.04203 
	0.04997 

	
	Power saving gain [%]
	5.00 
	5.07 
	5.34 
	6.11 
	5.34 


Table A8. Power consumption with message interval = 1000 ms and GNSS always off.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.01039 
	0.01042 
	0.01052 
	0.01084 
	0.01319 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.01099 
	0.01103 
	0.01117 
	0.01161 
	0.01399 

	
	Power saving gain [%]
	5.46 
	5.53 
	5.82 
	6.63 
	5.72 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.01078
	0.01084
	0.01104
	0.01168
	0.01638

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.01198
	0.01206
	0.01234
	0.01322
	0.01798

	
	Power saving gain [%]
	10.02
	10.12
	10.53
	11.65
	8.90


Table A9. Power consumption with message interval = 1000 ms and GNSS always on.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.09039 
	0.09042 
	0.09052 
	0.09084 
	0.09319 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.09099 
	0.09103 
	0.09117 
	0.09161 
	0.09399 

	
	Power saving gain [%]
	0.66 
	0.67 
	0.71 
	0.84 
	0.85 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.09078
	0.09084
	0.09104
	0.09168
	0.09638

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.09198
	0.09206
	0.09234
	0.09322
	0.09798

	
	Power saving gain [%]
	1.30
	1.33
	1.41
	1.65
	1.63


Table A10. Power consumption with message interval = 1000 ms and GNSS on during 200 ms for every message.

	
	Transmission power [dBm]
	≤ 0
	5
	10
	15
	23

	No HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.02639 
	0.02642 
	0.02652 
	0.02684 
	0.02919 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.02699 
	0.02703 
	0.02717 
	0.02761 
	0.02999 

	
	Power saving gain [%]
	2.22 
	2.26 
	2.39 
	2.79 
	2.67 

	Use HARQ retransmission
	Power consumption of bandwidth limited SL TX [unit/subframe]
	0.02678 
	0.02684 
	0.02704 
	0.02768 
	0.03238 

	
	Power consumption of Rel-14 SL TX with full bandwidth [unit/subframe]
	0.02798 
	0.02806 
	0.02834 
	0.02922 
	0.03398 

	
	Power saving gain [%]
	4.29 
	4.35 
	4.59 
	5.27 
	4.71 
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