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1 Introduction
Both centralized and distributed resource allocation mechanisms can be improved by some form of UE feedback that is provided to the eNB. The eNB can use such information to refine resource allocation for UEs that experienced poor sidelink performances and to increase the channel utilization e.g. by properly distributing available resources in the cell. RAN1 has already agreed to report geographical feedback to the eNB [1].

In this contribution, we consider how to report geographical feedback to the eNB.

2 Discussion
RAN1 has already agreed to support reporting of geographical feedback to the eNB [1].

Observation 1 RAN1 has agreed that reporting of UE geographical information to the eNB is supported.
2.1.1 Content of geo-info report
In order to report geographical location to the eNB, each UE needs to know its own location. Fortunately for most V2X use cases the location information is an indispensable piece of information. 

In any case, it is important to have an efficient mechanism for reporting geo-information, especially one that minimizes resource consumption on the Uu interface. According to TS 36.355 [3], a full coordinates report (LocationInfo IE) with about 5m resolution uses 47 bits for the coordinates part and is obviously redundant considering that UEs are confined within a cell when reporting to an eNB.
One way to do that is to have the eNB advertise a single or multiple reference positions to the UEs. This can be done in the form of positioning reference signal (PRS) specified in 3GPP Rel-9. In case of multiple reference positions the reference positions can be derived from a master reference position, e.g., by applying shifts in linear coordinates or angular rotations in polar coordinates. A UE can choose one of the reference positions when encoding its own position (which can be received from GPS, for example). Finally the UE reports both its choice of the reference position and its own encoded position to the eNB. Based on the reported information from the UE the eNB can deduce the UE’s position. Note that the eNB only needs to know the reference positions and does not need to know its own position.

Proposal 1 In order to minimize the size of the geographical report, the UE encodes its position with respect to a reference position advertised by the eNB. 

Proposal 2 The protocol for reporting UE’s geo-location to the network consists of:

a. eNB advertises reference positions to UEs

b. A UE selects the closest reference position

c. The UE evaluates its position with respect to the selected reference position

d. UE reports information on both the selected reference position and the encoded UE position to the eNB
2.1.2 Geo-info feedback

Two options can be envisaged for the reporting of geo-info:

· As part of L1 control information. This option requires a mechanism to transfer geo-info to L1 control information. The advantage would be lower latency and better radio efficiency, since the UE does not need any grant to report such information.

· As L2/L3 control information: advantage is potentially smaller spec impact.

The above reports can be periodic as per network configuration or triggered by the network itself.

Taking the above aspects into consideration, and considering that few bits might be needed to carry geo-info over existing L1 control signalling, we propose the following:

Proposal 3 Periodic and network triggered geographical information to the eNB are carried in L1 control signalling.

Given that the geo-info report will be carried over L1 uplink control signalling, the UE can simply use a separate PUCCH transmission for this purpose. However, it might be possible to multiplex the report to an existing PUCCH used for uplink transmission. One option is to consider the geo-info as part of the channel state information and transmit it using PUCCH format 2 or 3. 

Proposal 4 UE considers geographical information as channel state information and reports it using an appropriate PUCCH format. 
2.1.3 Mapping of geo-info to set of resources

Another open issue related to geographical report is how the eNB can use such information. RAN1 has asked RAN2 in the LS [2] to investigate how to map set of geo information and a set of resources in order to allow the UE to restrict the set of resources to be selected.
One approach is to limit this geo-graphical resource mapping to large areas (like countries) similar to what done in ProSe, e.g. a UE that is outside the country (or out-of-coverage in the sidelink carrier) can use preconfigured resources. In this case, no big changes are required to existing specification.
Otherwise one can have a mapping between geographical positions and resources at a finer granularity, i.e. cell level. This would allow the eNB to partition the cell in zones (e.g. create pools per reference position) so that UEs in proximity can use the same pool and detect each other. However, this latter mechanism might imply a dramatic increase on the number of pools. Considering that there might be also need for additional priority pools (as in Rel.13) the total number of resource pools to be signalled might be quite high.
Proposal 5 RAN2 should consider signalling complexity and overhead when studying how to map set of geo information to set of resources.
2.1.4 Channel quality measurement and reporting
The geographical location only, however, does not reflect the real channel gains between UEs. Therefore, a separate report should be used to report the quality of the sidelink channel. A possible approach is that the UE reports a metric of the signal strength perceived from sensing different time-frequency resources over the sidelink carrier. Upon receiving the report from the UE, the eNB can also gather such information from different UEs and provide an appropriate resource allocation decision.

However, as for the geographical position feedback, the size of such report should be minimized in order to reduce the overhead (i.e. it should look more like a CQI measurement than an RSRP measurement). For instance, the signal measurement report can be limited to a set of sub-bands (configured by the network). The UE should measure the signal level in each sub-band and report a possibly quantized version of the measurements to the eNB. The information about the source of the interference (if detectable) should also be reported. 

Proposal 6 Periodic and event-triggered channel quality measurement of the V2X carrier by the UE and subsequent reporting to the eNB is supported.

3 Conclusion

In section 2 we made the following observations:
Observation 1
RAN1 has agreed that reporting of UE geographical information to the eNB is supported.


Based on the discussion in section 2 we propose the following:
Proposal 1
In order to minimize the size of the geographical report, the UE encodes its position with respect to a reference position advertised by the eNB.
Proposal 2
The protocol for reporting UE’s geo-location to the network consists of:
a.
eNB advertises reference positions to UEs
b.
A UE selects the closest reference position
c.
The UE evaluates its position with respect to the selected reference position
d.
UE reports information on both the selected reference position and the encoded UE position to the eNB
Proposal 3
Periodic and network triggered geographical information to the eNB are carried in L1 control signalling.
Proposal 4
UE considers geographical information as channel state information and reports it using an appropriate PUCCH format.
Proposal 5
RAN2 should consider signalling complexity and overhead when studying how to map set of geo information to set of resources.
Proposal 6
Periodic and event-triggered channel quality measurement of the V2X carrier by the UE and subsequent reporting to the eNB is supported.
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