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Discussion
1 Introduction
This paper tries to correct (extend) current definition of “in-coverage” to cover the UE capable of supporting multi-carrier operations. 
2 Discussion

In the last meeting the followings were agreed as definition of in-coverage where the intention of the ‘in-coverage’ concept is to define the clear UE behaviors in terms of mode of operations. 

Table#1. Current TS 36.300 capturing the definition of “in-coverage”
	A UE is considered in-coverage if it has a serving cell (i.e. the UE is RRC_CONNECTED or is camping on a cell in RRC_IDLE). The following rules apply for the UE:

-    If the UE is out of coverage it can only use mode 2.

-    If the UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

-    If the UE is in coverage it may use mode 1 if the eNB configures it accordingly. 




The agreements work well for UE supporting only a single frequency operation where the UE cannot perform D2D operation on non-serving frequency in RRC_IDLE. However, if UE is capable of supporting D2D operation on a frequency (frequency1) while camping on another frequency (frquency2), the above agreements cannot stay valid always: the UE is said to be “in-coverage” on the camped frequency (frequency2) but we cannot say that the UE is necessarily “in-coverage” on frequency1 as well. In fact, UE may or may not be “in-coverage” on frequency2, depending on network deployment. In the following, a couple of cases are shown to describe why in-coverage definition needs to be carefully applied.  
Case#1

In Figure1, red-dotted UE is camping on a cell of commercial band f1 and it performs D2D communication on the same frequency band f1. As this D2D communication uses commercial band and affects radio resources used by the cell on the frequency band f1 mainly because of the red-dotted UE, the D2D communication should be able to be controlled by network, based on network configuration applicable to “in-coverage” UE.  
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Figure1. D2D communication on the commercial intra-frequency band f1, 

Observation1: For the case of Figure1, the D2D communication for red-dotted UE should be able to be controlled by network, based on network configuration applicable to “in-coverage” UE.
Case#2
In Figure2, red-dotted UE is camping on a cell of commercial band f1 and it performs D2D communication on non-commercial frequency band f3 (e.g. public safety frequency band). Since this f3 is completely separated from the radio resources used by the cell on the frequency bands f1 and f2, the D2D communication on f3 in this case should not be controlled by the network. Instead, the D2D communication on f3 can be totally independent of Uu communication over f1/f2, depending on UE capabilities. 
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Note that f3 is Public Safety frequency band




Figure2. D2D communication on the non-commercial inter-frequency band

Observation2: For the case of Figure2, the D2D communication for red-dotted UE should be able to be independent of Uu communication controlled by network. 
Case#3
In Figure3, red-dotted UE is camping on a cell of commercial band f1 and it performs D2D communication on different commercial frequency band f2. Even though this D2D communication uses commercial band, it is not quite clear if the D2D communication actually affects radio resources used by the cell on that frequency band f2, because red-dotted UE is outside of the cellular coverage of frequency band f2. So it is not clear if this D2D communication should be able to be controlled by network or not. The red-dotted UE may perform D2D communication that is independent of Uu communication, without causing the severe interference to radio resources of frequency band f2. 
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Figure3. D2D communication on the commercial inter-frequency band f2

Observation3: For the case of Figure3, it is not clear whether the D2D communication for the red-dotted UE should be able to be controlled by network or the D2D communication can be performed based on “out-of-coverage” rules. 
Considering the observation1 to 3, it is our view that when we define “in-coverage” concept, whether or not the UE is in coverage should be determined for the concerned frequency where D2D operations are to be actually performed. For example, if UE can perform D2D operation on frequency1 while camping on frequency1, UE needs to determine whether or not it is “in-coverage” on the frequency1, not frequency2. 

Proposal 1
UE should determine “in coverage” for the concerned frequency where D2D operations are actually to be performed.

For the non-camping frequency, we cannot reuse the concept of ‘serving cell’, so other criterion needs to be used to determine the “in-coverage”. Considering that system information is the default method to configure mode of operation including idle mode D2D operation, we think that if UE is capable of acquiring essential system information, it can reasonably interpret that it is “in-coverage” and otherwise it is “out-of-coverage”. 

One question is what essential system information can be considered for non-serving frequency as normally essential system information is defined for camping frequency. In our view, if UE can acquire MIB, SIB1, SIB2, we can say that the UE has obtained essential system information and it is said to be “in-coverage”    
Proposal 2
If UE can acquire MIB, SIB1 and SIB2 on the concerned frequency, it considers it to be “in-coverage” on that frequency.

Based on the proposals above, we propose to change the current text in TS 36.300 by the following:
Table#2. Proposed text for TS 36.300
	A UE is considered in-coverage on the concerned frequency if it has a serving cell on that frequency (i.e. the UE is RRC_CONNECTED or is camping on a cell in RRC_IDLE) or if it can acquire MIB, SIB1, and SIB2 on that frequency. The following rules apply for the UE:

-    If the UE is out of coverage for the concerned frequency it can only use mode 2 on that frequency.

-    If the UE is in coverage for the concerned frequency it may use mode 2 on that frequency if the eNB configures it accordingly . 

-    If the UE is in coverage for the concerned frequency it may use mode 1 on that frequency if the eNB configures it accordingly. 




Proposal 4
To change the TS 36.300 by the proposed wording in the table#2 above, and to apply this wording/principle to specification work on TS 36.304 and 36.331.

3 Conclusion
Proposal 1
UE should determine “in-coverage” for the concerned frequency where D2D operations are actually to be performed.

Proposal 2
If UE can acquire MIB, SIB1 and SIB2 on the concerned frequency, it considers it to be “in-coverage” on that frequency.

Proposal 3
For D2D operation on a concerned frequency, UE should follow D2D configuration received from that frequency, if available, not from other frequency. 

Proposal 4
To change the TS 36.300 by the proposed wording in the table#2 above, and to apply this wording/principle to specification work on TS 36.304 and 36.331.
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Note that f3 is Public Safety frequency band
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