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1
Introduction

In Rel-12 a new feature was introduced that allows the network to broadcast more neighbouring cells in the system information, which also triggered a need to extend the cell ID value that a UE uses while reporting back various measurement information. As a part of introduced enhancements, RAN2 has also extended inter-frequency measured results on RACH reporting allowing a UE to report cell ID values from the extended range. As a result, current ASN.1 encoding allows for several different UE behaviours, as elaborated in [1] submitted for RAN2#89. That time, RAN2 has excluded one UE behaviour; however final UE behaviour was left for further discussions. 

In this discussion paper we present briefly a preferred UE behaviour for reporting inter-frequency measurement results on RACH for the legacy and extended cell IDs. 

2
Inter-frequency measured results on RACH

2.1
Background information

Legacy inter-frequency measured results on RACH (introduced back in Rel-6) is implemented in such a way that a UE can signal a list, each entry of which carries cell ID value indicating the best cell on a frequency layer. For the sake of clarify, we present here an excerpt from the ASN.1 code.  It should be also mentioned that the maximum cell ID value, which a UE can report in each entry, is limited to 0..31.

InterFreqRACHRepCellsList ::= SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCellID

With Rel-12, a UE can receive information on more neighbouring cells and thus, if supports, it can report corresponding cell IDs to the network. For that RAN2 has introduced a new list in the Rel-12 extension container, which is encoded as follows below. In this list a UE can report both legacy and extended cell ID values, where the cell ID range is 0..79.

InterFreqRACHRepCellsList-r12 ::= SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCellID-r12

MeasuredResultsOnRACH-vcxyext ::= SEQUENCE {


interFreqRACHRepCellsList
InterFreqRACHRepCellsList-r12

OPTIONAL,


eutraFrequencyIndicator

BIT STRING (SIZE (maxNumEUTRAFreqs-FACH))
OPTIONAL

}

2.2
Preferred UE behaviour 

As an example, suppose that a UE has measured four best cells (for four frequency layers), which IDs are 20, 40, 10, and 50 in the order of the decreased cells' signal quality. Then, having both the legacy and a new Rel-12 container, the preferred UE behaviour would be to fill in Rel-6 and Rel-12 containers as follows:

Rel-6 container: 
<20, 10>

Rel-12 container:
<20, 40, 10, 50>

The example above can be generalized and formulated as a set of following rules:

1. A UE supporting extended cell IDs should fill in both Rel-6 and Rel-12 containers (it should be discussed further whether only Rel-6 container should be filled if reported cells belong only to the legacy cell ID range).

2. The Rel-12 container has cell IDs from both the legacy and extended range (in the order of decreased cells' signal quality as in legacy)

3. The Rel-6 container signals cell IDs from the legacy range.

Proposal 1: Discuss and agree the UE behaviour with regards to reporting inter-frequency measured results on RACH.

2.3
Additional considerations 

Referring to the preferred UE behaviour presented in section 2.2, it should be noted that it could be achieved in a few different ways. The first and the simplest approach is that a UE constructs the best cells list as the IncMon capable UE, from which a list for the Rel-6 container is built by eliminating extended cell IDs. However, such an approach could result in a situation when the IncMon UE reports no cells in the Rel-6 container, which can occur if all the best cells belong to the extended range. Such a UE behaviour is to some extent non-backward compatible because a legacy UE would report some cells in the legacy Rel-6 container under the same conditions. Thus, our proposal is that a UE constructs the best cell list for the Rel-6 container not by means of puncturing out the Rel-12 list, but rather by means of constructing it as if it were a legacy UE. 

Suppose that the neighbour cell list is as presented in the Table 1 below. A legacy UE cannot see cells with IDs 40..43 thus always reporting best cells for the legacy range (i.e. IDs 1..4). At the same time, the IncMon UE can end up in such radio conditions where all  or part of the best cells would be from the extended range, for instance if those cells are LPNs or complementary macro sites. Thus, to avoid a situation when the Rel-6 container remains empty (because all the cells are from the extended range), it is proposed that the IncMon capable UE constructs a list as if it were a legacy UE not considering extended cells in the first place. 

Table 1: Exemplary content of the neighbour cell lists

	SIB11/11bis
	SIB11ter

	CELL ID 1
	F1
	CELL ID 40
	F1

	CELL ID 2
	F1
	CELL ID 41
	F1

	CELL ID 3
	F2
	CELL ID 42
	F2

	CELL ID 4
	F2
	CELL ID 43
	F2

	......
	........
	
	


Referring to the content in Table 1, a legacy UE, which does not understand SIB11ter, could report cell IDs 1 and 4 as the best ones for frequencies F1 and F2.

Rel-6 container: 
<1, 4>

At the same time, from an IncMon UE perspective the best cells for frequencies F1 and F2 could be 40 and 4. If the UE constructs the Rel-6 list be simply removing extended cell IDs from the IncMon list, then the result would be as below. In the worst case the Rel-6 container will be empty.

Rel-6 container: 
<4>

Rel-12 container:
<40, 4>

Thus, to be compatible with what a legacy UE would do (and to ensure that the legacy RNC receives sufficient amount of information), the Rel-6 list should be constructed by a UE as if it were a legacy. For the example provided above, the result would be as follows:

Rel-6 container: 
<1, 4>

Rel-12 container:
<40, 4>

Proposal 2: Discuss and agree how the UE should construct the list for the Rel-6 container.

3
Conclusion

In this discussion paper we have described an issue that due to the ASN.1 encoding a UE has a few different ways of reporting inter-frequency measured results on RACH if there are cell IDs from the legacy and extended range.  We have presented our view on how the UE should fill in the Rel-6 and Rel-12 container carrying inter-frequency measurements, as well as have expanded on details of how the Rel-6 should be built.
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