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1      Introduction

During RAN2#94, it was agreed to have an email discussion on zoning and geo-location reporting for V2V:
· [LTE/V2V] – Geo-location reporting (Qualcomm)

-
Discuss details of zone calculation formula and configuration/mapping (including out-of-coverage)

-
What is reported and triggers for reporting 

-
Reporting mechanisms (e.g. MAC CE vs. RRC)

-
Applicability of zone concept for Mode 1 

-
Deadline: one week before submission deadline 

2      Discussion
In RAN2 #94, Following agreements were made for zone concept and geo-location reporting:

	· The world is divided in geographical zones and the UE determines the zone with a modulo operation.   Length and width is provide by the eNB (for in-coverage) and pre-configured for out-of-coverage.  A single fixed reference point is used (e.g. 0,0).  FFS on exact modulo operation formula and values (if needed)

· The zoning feature is configurable for both in-coverage and out-of-coverage. 

· The feature is used at least for mode 2 operation.  FFS if needed for mode 1 and how reporting for mode 1 will be done.  

· The network can configure the UE to report the complete UE location information (regardless of zone configuration).

· Zone concept can be applied to out-of-coverage.  FFS on how to define number of zones and pool mapping 

· The zone concept applies only to tx pools


In the V2X system, all mobile devices (in vehicles, pedestrian, RSU, etc.) basically share the same physical radio channel for transmitting/receiving V2X message.  It is common to configure and provide multiple resource pools to be used in a manner that co-channel interference can be mitigated, so that users in one proximity zone share a particular resource pool, while the other UEs in neighboring zones use resource pools different from this pool.  In this way, the V2X messages transmitted by the neighboring zone are not in direct conflict with the V2X messages generated locally, thereby reducing the near-far problems.

If complete zone information is transmitted by the eNB then it can cause considerable signaling overhead. To solve this issue, the physical world is mapped to a 2-D space fully divided into non-overlapping rectangular zones. Each zone has a width and length, and it is associated with a “zone ID”. The zone IDs are reused in a pattern such that adjacent zones do not share the same zone ID. In other words, any zones having the same id are sufficiently far away from each other. The total number of zones corresponds to the total number of resource pools to be allocated.  

The solution can be based on following parameters:
1. Longitude and latitude (x, y, geographic location of the device)

2. Number of available resource pools (N)

3. Origin/Starting point of a global 2-D space (x0, y0);

4. Length of each zone (L)

5. Width of each zone. (W)
6. Number of of zone in length (Nx)

7. Number of of  zone in width (Ny)
There can be several options to perform such operation based on location co-ordinates:

Option 1:
   Zone_id = [Ceil ((x-x0)/L) + Ceil ((y-y0)/W)] Mod N

In this case, for different values of N an area covered by different zones will look like:
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Figure 1: Area with 2 Zones (i.e. N=2)
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Figure 2: Area with 3 Zones (i.e. N=3)
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Figure 3: Area with 4 Zones (i.e. N=4)
Advantage of option 1 is that it can be used for both in coverage and out of coverage, where parameters L, W, N can be configured by eNB or pre-configured. This option handles the cases where the road is either horizontal or vertical in the 2D space, such that different sections of road will be assigned to different zones (i.e. different colors on the grid). However, if road is going diagonally then it is possible that different sections of road will see same zone (i.e. same color on the grid). 
Option 2: 

To solve the issue of option 1 for diagonal roads, a simple change in formula can be considered, which introduces an offset in the zone id calculation, so that for N greater than or equal to 3 any type of road will see different section of it using different zone (i.e. different color). 

Zone_id = [Ceil ((x-x0+offset)/L) + Ceil ((y-y0)/W)] Mod N

Where, 

offset = L * p * ((Ceil ((y-y0)/W)) Mod  (N/p))
The value of p is determined as in the following table

	N
	p

	2
	0

	3
	1/2

	others
	1


Of course, there is ‘divided by zero’ exception in p=0 case, but mathematically, (Ceil ((y-y0)/W) Mod “infinity” shall be resolved as (Ceil ((y-y0)/W). So, it is still OK to use the same formula to reach a result of offset = 0, when N=2.
When we use option 2, for different values of N an area covered by different zones will look like:
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Figure 4: Area with 2 Zones (i.e. N=2)
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Figure 5: Area with 3 Zones (i.e. N=3)
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Figure 6: Area with 4 Zones (i.e. N=4)
As can be seen from Figures 4, 5, and 6, it is clear that Option 2 can solve the issue of Option 1 for diagonal roads in case of number of zones greater than or equal to 3. However, for N = 2 it still cannot solve the issue for diagonal roads. It should be noted that for N=2 anyway it is not possible to have different color neighbor. If eNB is aware that there is no diagonal road in its coverage it can still configure N=2 otherwise it can always set N >=3.

Option 3: In this option, only modulo operation is used.

x’ = (x-x0) Mod L, y’ = (y-y0) Mod W.

Each resource pool can be configured with 4 values (x1, x2, y1, y2). By the above modulo operation, if a UE finds itself meet the conditions x1< x’ <x2, and y1< y’ <y2 (where 0<=x1<x2 <= L, and 0<=y1<y2<=W) for a given resource pool, then the UE should use the resources of the pool. 

NOTE: How to configure/pre-configure these values is up to network implementation. The values of (x1, x2, y1, y2) can be configured/pre-configured according to the resource pool size. The issue of diagonal roads can be simply resolved by network implementation. The number of available resource pool (N) is not useful in zone calculation.
Different location (with same color) can reuse the same resource pool as illustrated in Figure 7. Different areas (with different color) can also be configured partially overlapped.
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Figure 7 Examples for Option3 (size of each grid is up to network implementation)
Option 4: In this option, only modulo operation is used.

x’= Ceil ((x-x0)/L) Mod Nx;

y’= Ceil ((y-y0)/W) Mod Ny

     Zone_id  = y’ * Nx + x’
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Figure 8 Example for Option4
Option 5: In this option, only modulo operation is used.

x’= Ceil ((x-x0)/L) Mod Nx;

y’= Ceil ((y-y0)/W) Mod Ny

     Zone_id  = { x’, y’}

Besides, we think x0 and y0 can be preconfigured, so it does not need to be sent by the eNB
	Company 
	Question 1: Which option should be used for zone calculation

	
	Preferred Option
	Detailed comments

	Qualcomm
	2
	For number of zones 3 or more this option works very well for in-coverage and out of coverage to handle any kind of road. For N =2 it can still be used if there are no diagonal roads in an area.

	Huawei
	3
	Option 3 is more simple and flexible. It is up to network implementation to configure the boundary values (x1, x2, y1, y2). The issue of diagonal roads can be simply resolved by network implementation. The size of area (x1, x2, y1, y2) can be configured according to size of the associated resource pool. 

	CATT
	4
	Option 4 is more simple and easy to configure the mapping between zones and resource pools.

	ZTE
	4, 5
	We prefer option 5 and think option 4 is also fine. Because Option 5 is very similar to Option 4.  

In both option 4 and option 5, we think x0 and y0 can be preconfigured then they do not need to send to eNB.

	Interdigital
	3
	We think option 3 resolves the diagonal road issue, and also gives the most flexibility in the network for configuration of the pools.

	ITRI
	3
	Option 3 is more flexible and can resolve the diagonal road issue. The size of area (x1, x2, y1, y2) can be configured according to size of the associated resource pool and the corresponding traffic load.

	Kyocera
	2
	With respect to the mitigation of the co-channel interference from the adjacent zones, Option 2 and 4 seems to have the well distributed zones.         

The fractional factor (p in option 2) is slightly preferred for better distribution of zones.

	Nokia
	4, 5
	Option 4 and 5 are simple for modeling the zones. In addition, we see it is not flexible to link the number of zones (Nx, Ny) to the number of resource pools (N). eNB should be able to configure different zones and then map the resource pools to the zones in the way that each zone may be mapped to multiple resource pools and different zones may also be assigned the same resource pool, depending on e.g. how the configured zones fit the real road map.

	Coolpad
	4
	Agree with CATT.

	LGE
	1
	Option 1 is most simple. For diagonal road issue, we are not sure about actual performance degradation due to diagonal road considering the actual road situation. 

	OPPO
	4
	Agree with previous comments that this solution seems much simpler.

	Ericsson
	4
	The modulo operation in Option 4 is also considered in external references (see e.g. “Multiple-point Geostatistics: Stochastic Modeling with Training Images book”, page 95) as a formula to create 2D rectangular grids, and it seems simple and yet good enough to define the zones.

Option 3 has the drawback of signalling overhead, since each pool should be explicitly associated to a set of coordinates.

	Sony
	2
	Option 2 is simple and the zones are finely distributed in geographical areas. The signaling overhead is small as well.

	Samsung
	4
	We think option 4 is simple and intuitive method for modeling the zones. If the number of resource pools is less than 3, collisions between nearby zones somehow occur. As Nokia mentioned, we think that it is not needed to map the zone ID and resource pool by one-to-one. Option 4 is more flexible way to map the zones with multiple resource pools.

	Intel
	1
	Option 1 is simplest and straight-forward. 


Option 1- 2

Option 2 - 3

Option 3- 3

Option 4- 7

Option 5- 2

Rapporteur comment: All 5 options are bit similar with only minor variations. Majority of companies prefer option 4.

Proposal 1: Accept Proposal 4 as mechanism for zoning.
	Company 
	Question 2: Parameters for zone calculation based on location are zone length (L), Zone width (W) and number of zones/resource pool (N).

	
	Y/N
	Detailed comments

	Qualcomm
	Y
	

	Huawei
	N
	Based on option 3, the number of resource pool (N) is not useful to determine a zone.

	CATT
	N
	Based on option 4, Number of of zone in length (Nx) and Number of of zone in width (Ny) should be introduced.

	ZTE
	N
	Agree with CATT

	Interdigital
	N
	We agree with the comment from Huawei.

	ITRI
	N
	Agree with Huawei

	Kyocera
	Y
	Regarding the option 2, L, W and N should be the parameters for the zone calculation. However, we’re wondering if the definition of N needs to be clarified.

	Nokia
	N
	Agree with CATT.

	Coolpad
	N
	We are not sure if N is is needed or not.

	LGE
	Y
	

	OPPO
	N
	We consider that it is necessary to introduce the number of zone in both length and width. Regarding the number of resource pool, we are not sure whether it is useful or not.

	Ericsson
	N
	Agree with CATT.

	Sony
	Y
	

	Samsung
	N
	Agree with CATT.

	Intel
	Y
	


Rapporteur comment: It seems that for this question input were provided on other parameters as well that is why simple Yes or No is not enough to judge the actual response. However, since most of the companies opted for Option 4 for question 1. It can be concluded that following 4 parameters are required:
1. Length of each zone (L)

2. Width of each zone. (W)
3. Number of of zone in length (Nx)

4. Number of of  zone in width (Ny)
Proposal 2: Following parameters are required for zoning:

1. Length of each zone (L)

2. Width of each zone. (W)
3. Number of of zone in length (Nx)

4. Number of of  zone in width (Ny)
	Company 
	Question 3: Option selected as part of Question 1 can be used for both in-coverage and out of coverage?

	
	Y/N
	Detailed comments

	Qualcomm
	Y
	

	Huawei
	Y
	

	CATT
	Y
	

	ZTE
	Y
	

	Interdigital
	Y
	

	ITRI
	Y
	

	Kyocera
	Y
	

	Nokia
	Y
	

	Coolpad
	Y
	

	LGE
	Y
	

	OPPO
	Y
	

	Ericsson
	Y
	

	Sony
	Y
	

	Samsung
	Y
	

	Intel
	Y
	


	Company 
	Question 4: Parameters for zone calculation can be same for both in-coverage (provided by eNB) and out of coverage (pre-configured)?

	
	Y/N
	Detailed comments

	Qualcomm
	Y
	

	
	Y
	

	CATT
	Y
	

	ZTE
	Y
	

	Interdigital 
	Y
	

	ITRI
	Y
	

	Kyocera
	Y
	

	Nokia
	Y
	

	Coolpad
	Y
	

	LGE
	Y
	

	OPPO
	Y
	

	Ericsson
	Y
	

	Sony
	Y
	

	Samsung
	Y
	

	Intel 
	Y
	


Rapporteur comment: There is clear consensus that option selected for zoning is applicable for both in-coverage and out of coverage.

Proposal 3: Zoning mechanism and parameters are same for in-coverage and out of coverage, with only difference of parameters provided by eNB or pre-configured.

As agreed in RAN2 #94:

	The network can configure the UE to report the complete UE location information (regardless of zone configuration).


However, some companies think that it is better for UEs to report zone id calculated as part of question 1.

	Company 
	Question 5: Calculated zone id can also be used for geo-location reporting?

	
	Y/N
	Detailed comments

	Qualcomm
	N
	As RAN2 already agreed to send complete location information as per eNB configuration, so we are not sure what is the need for zone id? If at all eNB wants to know zone id it can also calculate based on UE reported complete location information. We do not prefer two mechanisms for same purpose. 

	Huawei
	N
	

	CATT
	N
	

	ZTE
	Y
	RAN2 agreed that the network can configure the UE to report the complete UE location information. It means that network will not configure it in some times, especially when UE reports its complete location information both to application layer. 
Considering the impact of overhead, complete location information cannot be sent frequently and only can be carried by RRC message. But it may cause longer delay for the RRC message delivery, so the geographical information that the eNB obtained may not accurately reflect the UE’s latest position. 

On the other hand, the eNB only need to know the zone where the UE locates and then make the resource scheduling decision. In this way, the UE just need to report the zone indication to eNB when the UE moves and enters a new zone.

	Interdigital
	N
	Based on option 3 in question 1, the UE is not aware of the zone ID, and so the zone ID cannot be used for geo-location reporting.

	ITRI
	N
	

	Kyocera
	N
	The detailed location information is sufficient.

	Nokia
	Y
	We share the same understanding of ZTE. Reporting zone id can have the benefit of reducing overhead compared to reporting always the detailed location information. Similar with detailed location information, the network should have the flexibility to configure the UE to report the zone id.

	Coolpad
	Y
	Agree with ZTE.

	LGE
	N
	We does not see a significant benefit of reporting zone id on top of reporting complete location information. 

	OPPO
	N
	We are also wondering the benefits to report the zone id

	Ericsson
	N
	We also do not see significant benefits of reporting the zoneID.

	Sony
	N
	We think the complete UE location contains the zone id information if the related parameters and calculation scheme are synchronized between eNB and UE. Hence no need for duplicate reporting.

	Samsung
	Y
	Agree with ZTE.

	Intel
	N
	


Rapporteur comment: There is clear majority for not reporting calculated zone ID, as complete location information reporting is already agreed in RAN2.

Proposal 4: No need to report calculated zone ID, as complete location information reporting is already agreed in RAN2.

Irrespective of complete geo-location and/or zone id are reported, there can be three types of trigger for reporting:

Option 1: Change in location (in terms of meters or zone id).

Option 2: Periodic reporting

Option 3: One time reporting (i.e. eNB requests and UE reports).

	Company 
	Question 6: What is the trigger to report geo-location?

	
	Option
	Detailed comments

	Qualcomm
	Option 1 and Option 2
	We are not sure about usefulness of one time reporting i.e. option 3.

	Huawei
	Option 2
	Option 2 is simpler, and functions similarly to option 1. 

Share Qualcomm’s view on option 3

	CATT
	At least option 2
	If there are some cases need to introduce event trigger report, option 1 should be included also.

	ZTE
	Option 1 and Option 2
	Agree with Qualcomm.

	Interdigital
	Option 1 and option 2
	We also agree with Qualcomm’s view.

	ITRI
	Option 1 and Option 2
	Option 2 is more simple to implement and Option 1 is more efficient

	Kyocera
	Option 1 and Option 2
	Option 1 and 2 will be useful for geo-information reporting, since it could be assumed that the vehicles is sometime moving and sometime stopping. However, we wonder if the signalling overhead with Option 2 should be taken into account. 

Regarding Option 3, the use case is unclear.

	Nokia
	Option 1 and option 2
	Agree with Qualcomm.

	Coolpad
	Option 1 and Option 2
	We think both two are needed.

	LGE
	Option 2 and option 1
	For option 1, we think reporting of change of zone is enough since the additional other mechanism would get marginal benefit at the cost of standardization complexity.

	OPPO
	Option 1 and 2
	Agree with previous comments

	Ericsson
	Option 2
	Option 2 seems enough, there is no need to further complicate the triggering mechanism. The eNB can deduce speed and direction of the UE just on the basis of periodic reporting.

	Sony
	Option 1 and Option 2
	The details of option 1 need more discussions.

	Samsung
	Option 1 and Option 2
	Agree with Qualcomm.

	Intel
	Option 2 and option 1
	


Both Option 1 and 2: 12

Only option 2: 3

Rapporteur comment: Majority of companies prefer that trigger for location reporting are based on both periodic and change of location.

Proposal 5: Location reporting triggers are based on change in location (in terms of meters or zone id) and periodic reporting

	Company 
	Question 7: Reporting mechanism of geo-location (i.e. MAC CE or RRC)?

	
	Option
	Detailed comments

	Qualcomm
	RRC
	As RAN2 already agreed to report complete location we prefer RRC and use existing IE.

	
	RRC
	

	CATT
	RRC
	

	ZTE
	MAC CE 
	It depends on the form of geo-location information. If delta info of geographical information or zone index is adopted, we think MAC CE is more suitable than RRC siganlling.

	Interdigital
	RRC
	We agree with Qualcomm’s view..  

	ITRI
	RRC
	

	Kyocera
	RRC
	It’s simple to reuse the existing RRC IE  (LocationInfo).

	Nokia
	RRC
	Agree with Qualcomm that for reporting detailed location, reusing existing RRC IE is simple. For reporting zone ID, also RRC is preferred considering the reporting frequency and triggering conditions in Question 6. 

	Coolpad
	RRC
	

	LGE
	MAC CE
	MAC CE is preferred considering the aspects that 
· Delayed reporting due to retransmission of RLC layer could result in inappropriate resource allocation at the zone boundary when the zone changes frequently.
· From standardization impact point of view, we think it would not be that different between MAC CE and RRC considering that the major impact is to define triggering condition of geo-information location and this would affect similarly for both options. 
If RRC is adopted, time stamp information may be necessary for assisting the network to correctly allocate resources based on zone. 

	OPPO
	RRC
	

	Ericsson
	RRC
	Agree with Qualcomm.

	Sony
	RRC
	

	Samsung
	RRC
	As other companies have already mentioned, RRC is more preferred if the complete location information will be reported. In addition, we can reuse the existing IE for reporting.

	Intel
	RRC
	


Rapporteur comment: There is clear majority that RRC message is used for location reporting.

Proposal 6: RRC message (reuse existing message LocationInfo ) is used for location reporting. 

	Company 
	Question 8: Is zone concept also applicable for Mode 1?

	
	Y/N
	Detailed comments (How and Why?)

	Qualcomm
	N
	There is no standard impact for mode 1. However as mentioned for Question 5 if eNB wants it can always calculate zone id from reported complete UE location. So it is eNB implementation.

	
	N
	

	CATT
	N
	

	ZTE
	Y
	As mentioned for question 5, we think zone id can be used for geo-location reporting instead of complete RRC message, so zone concept is also applicable for Mode 1.

	Interdigital
	N
	Based on our response in question 5, the zone is not visible to the UE, and cannot be used for mode 1. 

	ITRI
	N
	

	Kyocera
	N
	

	Nokia
	Y
	We share the same understanding with ZTE. It is not desirable that eNB has to request UE to report detailed location information each time when eNB allocates mode 1 resource. Having zone id reporting either periodically or upon zone id’s change can enable eNB to allocate mode 1 resources with less interference among UEs in different zones.

	Coolpad
	Y
	Agree with ZTE that zone concept can also be applied to mode 1.

	LGE
	N
	As commented by QC, we think it is eNB implementation how to use zone concept.

	OPPO
	N
	

	Ericsson
	N
	Agree with Qualcomm.

	Sony
	N
	We see no obvious benefits of applying zone concept for Mode 1. As per the agreements in RAN2#94, eNB can configure the UE to report complete UE location. The signaling overhead reduction given by reporting zone id instead is marginal, especially when such reporting is less frequent.

	Samsung
	Y
	We have same view with ZTE and Nokia. As mentioned in question 5, we think that the zone ID can be reported and used for mode 1 and mode 2.

	Intel
	N
	


Rapporteur comment: Majority of companies prefer that zone ID is not reported to eNB so it is not applicable for Mode 1.
Proposal 7: Zone ID is not reported to eNB so it is not applicable for Mode 1.

3      Conclusions

According to this email discussion, the following proposals are recommended based on the majority views.
Proposal 1: Accept Proposal 4 as mechanism for zoning.
Proposal 2: Following parameters are required for zoning:

1. Length of each zone (L)

2. Width of each zone. (W)
3. Number of of zone in length (Nx)

4. Number of of  zone in width (Ny)
Proposal 3: Zoning mechanism and parameters are same for in-coverage and out of coverage, with only difference of parameters provided by eNB or pre-configured.

Proposal 4: No need to report calculated zone ID, as complete location information reporting is already agreed in RAN2.

Proposal 5: Location reporting triggers are based on change in location (in terms of meters or zone id) and periodic reporting

Proposal 6: RRC message (reuse existing message LocationInfo ) is used for location reporting. 

Proposal 7: Zone ID is not reported to eNB so it is not applicable for Mode 1.

4      Reference
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