3GPP TSG-RAN WG1 #86                                                          
            R1-166268
22nd – 26th August, 2016

Gothenburg, Sweden
Agenda item:
7.2.3.3
Source: 
Qualcomm Incorporated

Title: 
Co-channel coexistence for DSRC and LTE- V2V 
Document for:     Discussion/Decision
1
Introduction
During RAN1#85 the following agreements were achieved on co-channel coexistence between DSRC and LTE-V2V. 
Agreements:
· RAN1 believes that other radio access technologies and LTE-based ITS transmissions on sidelink can co-exist; some standardization and/or regulatory actions need to be taken in other bodies in order to enable this.
· The possible solutions identified by RAN1 for high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel are as follows: 
· Geo-location and database. 
· Time sharing between systems based on GNSS timing; this would require some modifications to DSRC.

· Sensing-based vacate/switching approaches with or without transmission of a predetermined signal(s) (e.g. LTE-ITS preamble, SLSS)
· Sensing with a predetermined signal(s) would require some modifications to DSRC.

· RAN1 has not conducted any system-level evaluations for these solutions, although some link-level results have been provided for some solutions.
· RAN1 respectfully asks RAN to provide RAN1 findings to other relevant bodies. 

In this contribution we discuss an initial proposal on co-channel coexistence. 

· Section 2 discusses our proposals
· Section 3 concludes the contribution
2
Co-channel Coexistence Proposal
There are several issues that need to be taken into account while considering long term coexistence between LTE-V2V and DSRC. The first issue is of compatibility both backward and forward compatibility. By backward compatibility the design should allow for the case where the DSRC is not necessarily required to change. However the solution should scale to the case where DSRC can also be modified.
Observation 1: Co-channel coexistence solution should be backward compatible in the sense that no changes to DSRC are required but should be flexible to allow for changes to DSRC.
In terms of forward compatibility the coexistence proposal should take into future technology such as NR. The coexistence design should put minimal requirements on future technologies while making sure that coexistence scheme works for future technologies.

Observation 2: Co-channel coexistence solution should be forward compatible in the sense that it should work for future technology while putting minimal requirements on future technology design.
We also note that the solution should take into account that there may be multiple channels and UEs may have different capability in terms of number of channels supported.

Observation 3: Co-channel coexistence solution should take into account that multiple channels are available and UEs may have different capability on number of channels supported.

Furthermore there may be multi-mode UEs which can transmit and receive using different technologies.
Observation 4: Co-channel coexistence solution should take into account UEs that have capability to transmit and receive using multiple technologies.
The co-channel coexistence design should also try to minimize the changes to the current LTE-V2V design.

Observation 5: Co-channel coexistence solution should try to minimize changes to the current LTE-V2V design. 
We first try to solve the issue of multiple channels and UEs having different capability in terms of number of channels supported. This can be addressed by having a system wide priority associated with each channel for a technology. Since all devices will have a common notion of priority they will try to transmit and receive on the same channel allowing the devices to discover each other. Note that this works for the case where different devices have different capability in terms of number of channels supported. The prioritization ensures that number of devices discovered using additional channels is also maximized.
Proposal 1: There should be a system wide priority associated with each channel for a technology. This ensures that devices with a technology have a common notion of channel(s) on which they can transmit and receive.
We next discuss the technology behaviour when detecting another technology. Here we propose that an action be defined per channel on detecting another technology. These actions can be “STAY”, “VACATE”, “TDM”. Here
· VACATE: Devices should change to another channel when another technology is detected. Devices will vacate to the next channel in the priority list of the technology.
· STAY: Device should stay on the current channel when another technology(ies) is detected. The technology (implicitly) assumes that other technologies will VACATE on detecting it.
· TDM: Devices should use their technology in a time limited pre-configured part of the spectrum if another technology is detected. Here the implicit assumption is that other technology(ies) will be pre-configured to use another time limited part of the spectrum.
The notion of priority and action can be combined to define a technology’s behaviour upon detection of another technology. An example is illustrated below where Table 1 describes the channel priority and action for LTE-V2V while Table 2 describes the behaviour for DSRC. We note that Channel 1 is the highest priority while for LTE-V2V and DSRC. However when they detect other technology LTE-V2V moves to Channel 2. Such a configuration is useful to UEs that support a single channel but support both LTE-V2V and DSRC signals. If there is no DSRC in proximity then they can use LTE-V2V else they can switch to DSRC. Whereas UEs that support only LTE-V2V will need to move to Channel 2 to avoid a conflict. On Channel 3, which is the lowest priority channel for both technology the technologies can TDM upon detection of each other. 
	ITS channel
	Priority
	Action if another (DSRC) technology is detected

	Ch-1
	1
	VACATE

	Ch-2
	2
	STAY

	Ch-3
	3
	TDM


Table 1: Channel priority and action for LTE-V2V
	ITS channel
	Priority
	Action if another (LTE-V2V) technology is detected

	Ch-1
	1
	STAY

	Ch-2
	2
	VACATE

	Ch-3
	3
	TDM


Table 2: Channel priority and action for DSRC
Such priority and action configuration allows for maximum flexibility (i.e., allow UEs to support different technologies and different number of channels) while allowing for both backwards and forward compatibility. For example, for DSRC such a table can be implicit and no changes to DSRC are needed. Such an implicit table is shown in Figure 3 where DSRC will always STAY on all channels. 

	ITS channel
	Priority
	Action if another (LTE-V2V) technology is detected

	Ch-1
	1
	STAY

	Ch-2
	2
	STAY

	Ch-3
	3
	STAY


Table 3: Implicit priority and action configuration for DSRC
Furthermore if a new technology such as NR arrives then such a configuration can be created for the new technology.  

Proposal 2: An action be defined per channel on detecting another technology. These actions can be “STAY”, “VACATE”, “TDM” where
· VACATE: Devices should change to another channel when another technology is detected. Devices will vacate to the next channel in the priority list of the technology.
· STAY: Device should stay on the current channel when another technology(ies) is detected.
· TDM: Devices should use their technology in a time limited pre-configured part of the spectrum if another technology is detected. 
Observation 6: The proposed approach of configuration per technology is flexible to allow for UEs supporting different number of channels and different modes. Furthermore the configuration is both future and backwards compatible.

If a UE switches channel then it is reasonable to expect that the UEs in local proximity also change the channel around the same time. 

Observation 7: If a UE switches channel then it is reasonable to expect other UEs in local proximity to also switch channels.
In LTE-V2V in the autonomous resource selection mode a UE is expected to sense the channel for one second before it selects a resource. If a LTE-V2V UE switches channel then it will need to wait for at least one second before it starts to transmit on the new channel. This is too long a time and is not suitable to meet the latency requirements of V2V messages. To address this we take advantage of Observation 7 and propose that when a LTE-V2V UE changes its channel it uses the history information of it previous channel as it is and uses it to select the resource to transmit on.
Proposal 3: When a LTE-V2V UEs changes its channel it uses the sensing and SA decoding information from its old channel to select resources on the new channel.

When a technology switches to another channel then there should be a mechanism to switch back once the other technology has vacated. It is most efficient if such a switch back occurs simultaneously among UEs in proximity. Therefore we propose a common notion of periodically occurring sensing interval where all UEs sense in the higher priority channel (which is system wide known) and if that channel is found to be empty move to that channel. This allows all UEs to change channel simultaneously which in turn makes sure that transmissions from proximal UEs is not missed. 
Proposal 4: Introduce a system wide notion of periodically occurring sensing interval for each technology. During the sensing interval a UE will listen on the higher priority channel for its technology and decide whether it can move back to the higher priority channel or not.

Observation 8: Using a system wide notion of periodically occurring sensing interval allows UEs in proximity to simultaneously move to a higher priority channel. This in turn makes sure that transmissions from proximal UEs are not missed. 

We next discuss how other technology is detected. A technology can be detected via decoding/detecting the messages from other technology. This of course requires other technologies to know about each other’s signals. This is very challenging and is not scalable. It is challenging because even when two different technologies use OFDM technologies there can be a lot of difference in transmission intervals, FFT size, cyclic prefix, etc. This leads to a lot of implementation challenges. This is an issue even when one tries to define a common signal for all technologies. Another issue is forward compatibility – if a new technology is defined then the technology will need to take into account legacy signals defined by older technology.
Observation 9: Making a technology understand other technologies is quite challenging both from an implementation perspective and forward compatibility issues with respect to future technologies.

Another method to detect presence of other technology is to use energy detection is determining what fraction of total energy received on a time frequency resource belongs to its own technology and what fraction of energy belongs to other technology(ies). It is easy to measure the total energy received on a resource. The fraction can be calculated by estimating the energy belonging to its own technology. Such a scheme can be future compatible as long as future technologies are able to estimate the energy transmitted by its own technology.

Observation 10: One simple way to detect presence of other technology is to estimate the fraction of total energy that belongs to its own technology. Such an approach is future compatible as long as a future technology is able to estimate its own technology.
Note that for DSRC because of the preamble it is easy to estimate the energy belonging to its technology. For LTE-V2V it is more complicated. For PSSCH if the corresponding PSCCH is not decoded at a receiver then neither the RB allocation nor the reference signals are known at the receiver. Such a receiver will not be able to accurately estimate the energy coming from LTE-V2V unless it performs blind detection on both length and possible DMRS sequences. One simple way to simple self-detection of LTE V2V is to change the reference signal structure for LTE V2V. One simple way is to introduce well known reference signals of 1 RB length for one or more of the reference signals used for PSSCH. The reference signal can either be fixed in the specification or it can be (pre-)configured. This allows for simple detection of energy using the DMRS. Another alternative is to use the first half of the last symbol to transmit these 1RB length known sequence whenever a V2V signal is transmitted. These are illustrated in Figure 1.
Proposal 5: Introduce known reference signals of 1 RB length to allow for efficient and accurate self-detection of LTE-V2V. Such reference signals can be transmitted on one or more of the DMRS location or on the first half of the last symbol. The reference signal can either be (pre-)configured or be fixed in the specification.
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Figure 1: 1PRB length known reference signals to allow self-detection of LTE-V2V
3
Conclusion

In this contribution we made the following proposals and observations on co-channel coexistence between LTE-V2V and DSRC.
Observation 1: Co-channel coexistence solution should be backward compatible in the sense that no changes to DSRC are required but should be flexible to allow for changes to DSRC.

Observation 2: Co-channel coexistence solution should be forward compatible in the sense that it should work for future technology while putting minimal requirements on future technology design.
Observation 3: Co-channel coexistence solution should take into account that multiple channels are available and UEs may have different capability on number of channels supported.

Observation 4: Co-channel coexistence solution should take into account UEs that have capability to transmit and receive using multiple technologies.
Observation 5: Co-channel coexistence solution should try to minimize changes to the current LTE-V2V design. 
Proposal 1: There should be a system wide priority associated with each channel for a technology. This ensures that devices with a technology have a common notion of channel(s) on which they can transmit and receive.
Proposal 2: An action be defined per channel on detecting another technology. These actions can be “STAY”, “VACATE”, “TDM” where
· VACATE: Devices should change to another channel when another technology is detected. Devices will vacate to the next channel in the priority list of the technology.
· STAY: Device should stay on the current channel when another technology(ies) is detected.
· TDM: Devices should use their technology in a time limited pre-configured part of the spectrum if another technology is detected. 
Observation 6: The proposed approach of configuration per technology is flexible to allow for UEs supporting different number of channels and different modes. Furthermore the configuration is both future and backwards compatible.

Observation 7: If a UE switches channel then it is reasonable to expect other UEs in local proximity to also switch channels.
Proposal 3: When a LTE-V2V UEs changes its channel it uses the sensing and SA decoding information from its old channel to select resources on the new channel.

Proposal 4: Introduce a system wide notion of periodically occurring sensing interval for each technology. During the sensing interval a UE will listen on the higher priority channel for its technology and decide whether it can move back to the higher priority channel or not.

Observation 8: Using a system wide notion of periodically occurring sensing interval allows UEs in proximity to simultaneously move to a higher priority channel. This in turn makes sure that transmissions from proximal UEs are not missed. 

Observation 9: Making a technology understand other technologies is quite challenging both from an implementation perspective and forward compatibility issues with respect to future technologies.

Observation 10: One simple way to detect presence of other technology is to estimate the fraction of total energy that belongs to its own technology. Such an approach is future compatible as long as a future technology is able to estimate its own technology.

Proposal 5: Introduce known reference signals of 1 RB length to allow for efficient and accurate self-detection of LTE-V2V. Such reference signals can be transmitted on one or more of the DMRS location or on the first half of the last symbol. The reference signal can either be (pre-)configured or be fixed in the specification.
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