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1 Introduction

The Enhanced LAA WID [1] endorsed in RAN #70 has an agenda item to support LAA operation on 10 MHz carrier bandwidth. This contribution discusses the channel access framework and target deployment bands for 10 MHz LAA.
2 Discussion
The design of 10 MHz LAA would depend on the identification of bands in 5 GHz where 10 MHz LAA would be deployed. The choice of target deployment bands must be based on existing regulations in 5 GHz. It should also take into account fair coexistence aspects with Wi-Fi deployments in 5 GHz. In other words, the design of 10 MHz LAA should depend on the following 3 parameters:

a. Target deployment bands in 5 GHz.
b. Channel usage regulations in the target deployment bands.

c. Fair coexistence with existing deployment of Wi-Fi in the target deployment bands.
The following cases may arise:
a. 10 MHz LAA is deployed in bands in 5 GHz that do not allow bandwidths wider than 10 MHz. The 5.9 GHz (5.850 – 5.925 GHz) band is the only band in 5 GHz that does not allow bandwidths wider than 10 MHz in some of its channels.  This is a “special purpose” band. In the U.S and EU it is allotted to Dedicated Short Range Communications (DSRC) used for Intelligent Transportation Systems (ITS) ([2], [3], [4]). This is also the only band in 5 GHz where Wi-Fi (802.11p) is deployed over 10 MHz channels (Table E-1 and E-2 of [3]). Since, 5.9 GHz is a special purpose band, the design and channel access framework for LAA in this band will depend on the type of service, whether DSRC or general purpose, offered by LAA in this band.
b. 10 MHz LAA is deployed in bands in 5GHz where regulations allow bandwidths of 20 MHz and higher.  In these bands, there are no regulatory restrictions preventing LAA deployments of bandwidths 20 MHz and higher. These are the bands for which 3GPP has already worked on and after much technical discussion, agreed and converged on coexistence aspects with Wi-Fi deployments of 20MHz and higher. Some discussions including multicarrier operations are still in progress. Further, work on UL LAA design and channel access schemes will start from the current meeting. Given this situation, in the interests of optimising time and complexity of technical discussions and given that 20 MHz LAA is not being prevented from deployment in any of these 5 GHz bands,  there is no need for 3GPP to initiate a new set of technical discussions on the coexistence of 10 MHz LAA and 20+ MHz Wi-Fi.
The following sections provide a more detailed overview of these considerations.
2.1 10 MHz LAA is deployed in bands in 5 GHz that do not allow bandwidths wider than 10 MHz
The 5.9 GHz (5.850 – 5.925 GHz) band is the only band in 5 GHz that does not allow bandwidths wider than 10 MHz in some of its channels.  The 5.9 GHz band in the U.S and EU is allotted to Dedicated Short Range Communications used for Intelligent Transportation Systems ([2], [3], [4]).  The band plan for 5.9 GHz in the U.S is as given below ([2]):
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Figure 1: Band Plan for 5.9 GHz in the U.S

At present, a general purpose non-DSRC device can operate in this spectrum only as a secondary service. This is also the only band in 5 GHz where Wi-Fi uses 10 MHz channel bandwidth (Table E-1 and E-2 of [3]). Wi-Fi 802.11p, a specialized version of W-Fi optimized for data exchange between high-speed vehicles and between vehicles and roadside infrastructure, is used over 10 MHz channels in this band. Since 802.11p is used for DSRC, it is allowed to operate in this band as a primary service.
Observation 1: The 5.9 GHz (5.850 – 5.925 GHz) band is the only band in 5 GHz that does not allow bandwidths wider than 10 MHz in some of its channels.  

2.1.1 Use of 10 MHz LAA in 5.9 GHz for Dedicated Short Range Communications

If LAA on 10 MHz channels is used for DSRC in the 5.9 GHz band, 3GPP needs to define appropriate fair coexistence criteria with 10 MHz 802.11p Wi-Fi. 
The following aspects should be noted for coexistence:

1. Simulation configurations required to evaluate fair coexistence must consider the target usage scenario of vehicle to vehicle and vehicle to roadside infrastructure communication. These configurations are different from the simulation configurations specified by 3GPP for general purpose deployment of 20 MHz LAA. 

2. 10 MHz Wi-Fi has physical layer characteristics that are different from 20 MHz Wi-Fi. The following are some of the salient differences:
Table 1: Parameter differences between Wi-Fi over 20 MHz and 10 MHz channel bandwidth
	Parameters
	20 MHz
	10 MHz

	Slot duration
	9 μs
	13 μs

	SIFS duration
	16 μs
	32 μs

	PIFS duration
	25 μs
	45 μs

	DIFS duration
	34 μs
	58 μs

	aCCATime1
	< 4 μs
	< 8 μs

	CCA ED threshold
	-62 dBm
	-65 dBm

	CCA CS threshold
	-82 dBm
	-85 dBm

	1aCCATime is the time duration within which Wi-Fi must detect a valid Wi-Fi OFDM packet at or above the CCA-CS threshold with > 90% probability or any signal at or above the CCA-ED threshold.


Channel access procedures for 20 MHz LAA [4] that have been modelled on analogous procedures and parameters used by 20 MHz Wi-Fi, should be updated to match the corresponding procedures and parameters used by 10 MHz Wi-Fi. Some of them are as follows:
· Fixed duration channel sensing intervals such as 
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 must be changed considering the slot (13 μs), SIFS (32 μs) and PIFS (45 μs) duration of 10 MHz Wi-Fi.    
· The detection criteria for an idle slot must be changed to match the slot duration (13 μs) and the CCA Sensing duration (8 μs). 
· The Energy Detection threshold must be reduced by 3 dB relative to 20 MHz LAA for all 10 MHz LAA transmissions. This is because the maximum EIRP density is a constant in most regulatory domains (for example ETSI [6]).  So, the total transmitted energy in a given bandwidth and correspondingly the sensing thresholds scale down linearly with reduction in channel bandwidth.
Observation 2:  The 5.9 GHz band is a “special purpose” band. In the U.S and EU it is allotted to Dedicated Short Range Communications used for Intelligent Transportation Systems.
Proposal 1: If 10 MHz LAA is used for Dedicated Short Range Communications in the 5.9 GHz band, RAN1 must specify simulation configurations to evaluate fair coexistence with Wi-Fi considering the target usage scenario of vehicle to vehicle and vehicle to roadside infrastructure communication.

Proposal 2: If 10 MHz LAA is used for Dedicated Short Range Communications in the 5.9 GHz band, it must update its channel access procedures based on the procedures and parameters used by 10 MHz Wi-Fi. Some of these updates are:
a. Fixed duration channel sensing intervals such as 
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must be changed considering the slot (13 μs), SIFS (32 μs) and PIFS (45 μs) duration of 10 MHz Wi-Fi.    

b. The detection criteria for an idle slot must be changed to match the slot duration (13 μs) and the CCA Sensing duration (8 μs). 

c. The Energy Detection threshold must be reduced by 3 dB relative to 20 MHz LAA for all 10 MHz LAA transmissions.
2.1.2 Use of 10 MHz LAA in 5.9 GHz for general purpose wireless communication
If 10 MHz LAA is used to provide general purpose wireless access in the 5.9 GHz band, it can operate only as a secondary service. In that case, 3GPP needs to define requirements and framework in order for LAA to defer to primary services including 802.11p Wi-Fi in 5.9 GHz. Such a channel access framework is not yet part of the Release 13 LAA framework. 
Observation 3: If 10 MHz LAA is used for general purpose wireless access in the 5.9 GHz band, then it can operate only as a secondary service.
Proposal 3: If 10 MHz LAA is used for general purpose wireless access in the 5.9 GHz band, 3GPP must define requirements and channel access framework in order for LAA to defer to primary services including 802.11p Wi-Fi in 5.9 GHz.
2.1.3 Miscellaneous regulatory requirements for operation in 5.9 GHz

Irrespective of the usage scenario, whether DSRC or general purpose, devices operating in 5.9 GHz also have to adhere to the regulatory requirements corresponding to operation in this band. In many regulatory domains, these requirements are different from what is required for operation in other bands of 5 GHz. For example, in the U.S, any device operating in 5.9 GHz has to adhere to transmit power and transmit spectral mask requirements specified in Table D-3 and D-5 of [3].  
Proposal 4: If 10 MHz LAA is used in the 5.9 GHz band, it must adhere to transmit power and transmit spectral mask requirements mandatory for this band, irrespective of whether it is used for DSRC or general purpose.

2.2 10 MHz LAA is deployed in bands in 5GHz where regulations allow bandwidths of 20 MHz and higher
In this case, there are no regulatory restrictions that prevent deployment of 20MHz LAA in any of these bands in 5 GHz. These are the bands for which 3GPP has already worked on and after much technical discussion, agreed and converged on coexistence aspects with other users of the spectrum including Wi-Fi deployments of 20MHz and higher. Some discussions including multicarrier operations are still in progress. Further, discussions on UL LAA design and channel access schemes would start from the current 3GPP meeting. 
Given that LAA is not being prevented from 20 MHz deployment in any of these 5 GHz bands and given the above status of LAA in 3GPP, in the interests of optimising time and complexity of technical discussions, there is no need for 3GPP to initiate and study a new set of technical discussions on the coexistence of 10 MHz LAA and 20+ MHz Wi-Fi. 
Proposal 5: 3GPP should not consider deployment of 10 MHz LAA in bands in 5GHz where regulations allow bandwidths of 20 MHz and higher.  
In order to deploy 10 MHz LAA in these bands, 3GPP will need to consider the following points among other things. This would add to the complexity of eLAA design and may affect the timeliness of its closure.
a. Define simulation configurations for fair coexistence between 10 MHz LAA and 20 MHz Wi-Fi. The coexistence criteria must ensure that two 10 MHz LAA deployments, including two such adjacent channel deployments, do not impact a 20 MHz Wi-Fi deployment any more than another 20 MHz Wi-Fi. 
b. Evaluate multicarrier channel access and fair coexistence procedures to account for the fact that 20 MHz Wi-Fi now has to detect both 10 MHz and 20 MHz LAA over a single 20 MHz Wi-Fi channel.

c. Reduce the maximum transmit power and the Energy Detection threshold by 3 dB relative to 20 MHz LAA for all 10 MHz LAA transmissions.
d. Define the transmit spectral mask for 10 MHz LAA (by RAN4).
3 Conclusions
Observation 1: The 5.9 GHz (5.850 – 5.925 GHz) band is the only band in 5 GHz that does not allow bandwidths wider than 10 MHz in some of its channels.  

Observation 2:  The 5.9 GHz band is a “special purpose” band. In the U.S and EU it is allotted to Dedicated Short Range Communications used for Intelligent Transportation Systems.
Proposal 1: If 10 MHz LAA is used for Dedicated Short Range Communications in the 5.9 GHz band, RAN1 must specify simulation configurations to evaluate fair coexistence with Wi-Fi considering the target usage scenario of vehicle to vehicle and vehicle to roadside infrastructure communication.

Proposal 2: If 10 MHz LAA is used for Dedicated Short Range Communications in the 5.9 GHz band, it must update its channel access procedures based on the procedures and parameters used by 10 MHz Wi-Fi. Some of these updates are:

a. Fixed duration channel sensing intervals such as 
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must be changed considering the slot (13 μs), SIFS (32 μs) and PIFS (45 μs) duration of 10 MHz Wi-Fi.    

b. The detection criteria for an idle slot must be changed to match the slot duration (13 μs) and the CCA Sensing duration (8 μs). 

c. The Energy Detection threshold must be reduced by 3 dB relative to 20 MHz LAA for all 10 MHz LAA transmissions.
Observation 3: If 10 MHz LAA is used for general purpose wireless access in the 5.9 GHz band, then it can operate only as a secondary service.

Proposal 3: If 10 MHz LAA is used for general purpose wireless access in the 5.9 GHz band, 3GPP must define requirements and channel access framework in order for LAA to defer to primary services including 802.11p Wi-Fi in 5.9 GHz.

Proposal 4: If 10 MHz LAA is used in the 5.9 GHz band, it must adhere to transmit power and transmit spectral mask requirements mandatory for this band, irrespective of whether it is used for DSRC or general purpose.

Proposal 5: 3GPP should not consider deployment of 10 MHz LAA in bands in 5GHz where regulations allow bandwidths of 20 MHz and higher.  
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