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1 Introduction
In RAN2#87 [1], it was left open how the UE capabilities would be treated. Namely, the following decisions were made:

	Agreements
1
Introduce measurement capabilities in LTE and UMTS for "increased number of carrier monitoring" in REL-12 where separate capability bits will be defined for UMTS- and LTE- measurements. 

FFS whether these bits will be split to distinguish different modes.

FFS whether the feature is optional or mandatory




In the meantime, RAN4 has also continued the discussion and in RAN4#72 the WF [2] was agreed except the last page addressing the use of default numbers. The following agreements have been made at RAN4#72 on scaling factor values for connected states [2]:
· Two scaling factors will be defined with values s=s1 and s=16

· s1may either be fixed for all combinations of Nfreq,n and Nfreq,r, or it may be specified as a function of  total number of normal frequencies Nfreq,n and the total number of reduced frequencies Nfreq,r.
According to above agreements the open issue is s1 value for which two options have been identified, i.e. either fixed value or function of Nfreq,n and Nfreq,r.

Another agreement made during RAN4#72 identifies side conditions in terms of allowed combinations of normal and reduced performance carriers [2]: 

· For 36.133

· The section 8 requirements for increased carrier monitoring in RRC connected state apply provided that Nnorm,inter ≤3 and Nnorm,UTRA≤3, or if Nfreq,n= Nfreq (i.e. Nfreq,r=0). 

· For 25.133

· The section 8 requirements for increased carrier monitoring in cell FACH and cell DCH state apply provided that Nnorm,inter ≤2, and Nnorm,E-UTRA≤4, or if Nfreq,n= Nfreq (i.e. Nfreq,r=0). 
In case of E-UTRA, inter-frequency requirements this can be illustrated by following figure, where combinations allowed for IncMon are marked by green, in addition to those possible already in legacy releases (yellow). All other combinations are excluded or exceed the allowed assumptions in [2]. It requires additional clarification that when Nfreq,r=0 no scaling factor is used to define requirements. Similar figures can be made for other cases with the differences in maximal number of normal and reduced performance carriers and maximal number of legacy carriers.
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Figure 1. Split of carriers for E-UTRA inter-frequency 
In this paper we consider how to handle the case when the UE doesn’t support all the carriers signalled in the normal and reduced performance groups.
2
Handling the absence of IncMon signaled values in RRC_IDLE
We understand that currently, RAN4 has considered that for RRC_IDLE, the UE scaling factor for the reduced performance group (RPG) would be fixed. Hence, as already captured in the current RAN2 CR [4], no scaling factor is signalled in SI.
For the purpose of the examples, let’s assume the carriers are numbered with 1-8, in the order in which they appear in the list. Denote carriers 1-3 as the ones that could be signalled in the NPG and carriers 4-8 as the ones that could be signalled in the RPG. Then the following example scenarios would require some consideration:

1) Network indicates 8 carriers (1-8) in SIB5: All of 1-8 are indicated belong to normal performance group (NPG).

2) Network indicates 8 carriers (1-8) in SIB5: 1-3 (i.e. three carriers) are indicated to belong to normal performance group (NPG) and 4-8 (i.e. five carriers) are indicated belong to the reduced performance group (RPG).

3) Network indicates 6 carriers (1, 2, 4, 5, 6, 7) in SIB5: 1-2 (i.e. two carriers) are indicated to belong to normal performance group (NPG) and 4-7 (i.e. four carriers) are indicated belong to the reduced performance group (RPG).

1) Network indicates carriers 1-8 in NPG. 

This case can be handled with legacy signalling, and an IncMon – capable UE shall support measurements of all 8 carriers according to the performance requirements in 36.133. Legacy UE behaviour is unspecified.

2) Network indicates carriers 1-3 in NPG and carriers 4-8 in RPG. 

Consider now the following UEs camping on the cell:

a) UE1 supports carriers 1, 4, 5 (i.e. 1 of the carriers in NPG and 2 of the carriers in RPG)
b) UE2 supports carriers 1,2, 4, 5, 6, 7 (i.e. 2 of the carriers in NPG and 4 of the carriers in RPG)
c) UE3 supports carriers 4, 5, 6 (i.e. none from the NPG and 3 of the carriers in RPG)
d) UE4 supports carriers 4, 5, 6, 7 (i.e. none of the NPG and 4 of the carriers in RPG)
According to just the signalling, in all of the cases, the NPG has <3 carriers. The question is: Should the UE “fill up” the NPG with some of the carriers from the RPG? If so, how should it determine which of the carriers it would “promote” from the RPG to the NPG? 

For cases a) and c), the NPG would be totally empty, which seems to be against the network intention. Hence, some behaviour would be required for such a case.

Observation 1: If UE doesn’t understand all the carriers in NPG, RAN2 should discuss whether some carriers nominally in RPG could become NPG carriers.

Before going forward, let’s also look at the third example case.

3) Network indicates carriers 1-2 in NPG and carriers 4-7 in RPG. 

For this case, too, the same examples could be used:

a) UE1 supports carriers 1, 4, 5 (i.e. 1 of the carriers in NPG and 2 of the carriers in RPG)

b) UE2 supports carriers 1,2, 4, 5, 6, 7 (i.e. 2 of the carriers in NPG and 4 of the carriers in RPG)

c) UE3 supports carriers 4, 5, 6 (i.e. none from the NPG and 3 of the carriers in RPG)

d) UE4 supports carriers 4, 5, 6, 7 (i.e. none of the NPG and 4 of the carriers in RPG)

The difference to the previous case is that the original NPG only contains 2 carriers. Hence, for cases a), c) and d), the question is: How many of the RPG carriers could become NPG carriers?
Proposal 1: RAN2 to discuss whether a RPG carrier could become a NPG carrier.
2.1 Implicit rules for NPG carriers
All of the discussion in this contribution is for the RRC_IDLE, where the UE behaviour is more loosely specific than for RRC_CONNECTED. However, we think it would desirable to specify which of the carriers UE is allowed to “promote” from RPG to NPG for cases like indicated above. One possibility would be that the UE, who anyway can determine which carriers are in NPG even if it doesn’t support them, will only “promote” the maximum amount of carrier from RPG to NPG as there are in the original NPG. Also, the UE shall only “promote” the carriers in the order where there were originally given in the SI, i.e. UE cannot promote carrier n unless all carriers with index < n (that the UE supports) don’t already belong to NPG. 
To illustrate the above, for the example cases, the end result would be as shown in Table 1 below.
Table 1. NPG and RPG for cases 2 and 3
	NPG and RPG
	UE1
	UE2
	UE3
	UE4

	Case 2 (3 carriers in NPG)
	NPG: 1, 4, 5
RPG: -
	NPG: 1, 2, 4

RPG: 5, 6, 7
	NPG: 4, 5, 6

RPG: -
	NPG: 4, 5, 6

RPG: 7

	Case 3 (2 carriers in NPG)
	NPG: 1, 4

RPG: 5
	NPG: 1, 2 

RPG: 4, 5, 6, 7
	NPG: 4, 5

RPG: 6
	NPG: 4, 5 

RPG: 6, 7


However, the limitations set by RAN4 (i.e. NPG size <=3 is RPG size >= 1) should still be observed, so that the carriers in RPG can only become NPG if the UE does 
Proposal 2: RAN2 to discuss whether the behaviour in Table 1 should be considered for IncMon.
2.2 Avoiding impacts to legacy UEs
There are currently two ways proposed in CR [4] that can be used to indicate the additional carrier information to the UE:
a) Indicate the carriers via legacy signalling (i.e. signalling possible from Rel-8 onwards)

b) Indicate the carriers via the extended signalling (to be introduced in Rel-12) 
We observe the following:

· In the case a), if more than three carriers are signalled, legacy UEs may also be impacted, as the current requirement is that only three inter-frequency carriers need to be measured. However, operators may already be using such configurations in legacy networks so it is not possible to avoid.
· For case b), legacy impacts may be avoided if only three carriers are signalled in the legacy part and the rest in the extended part. However, since UEs may (and do) support different bands, this may pose too many restrictions for the network and cause some UEs not to have any information on inter-frequency carriers they support.
Based on these, it is easy to see that either option a) or b) is a valid network configuration. Therefore, we think that RAN2 has to decide whether some implicit rules are required for when a carrier is considered to belong to the RPG.
Proposal 3: Either legacy or extended signalling can be used for signalling of both NPG and RPG to the UEs.
2.3 Signalling of RPG
As seen from above, if the UE is allowed to autonomously change the carriers in NPG, there is in fact no need to even explicitly signal the RPG as such: The network will just order the carriers so that the NPG carriers are the first in the list, and then indicates the (maximum) amount of carriers in NPG. Then UE will determine NPG and RPG based on the supported carriers and the maximum size for the NPG.
Proposal 4: Discuss whether there is need to explicitly indicate which carriers belong to the RPG. Instead, the eNB could signal the amount of carriers in NPG.

3
Conclusions
This contribution discussed what to do in case the UE doesn’t support all the signalled carriers in the NPG and RPG: Should there be an implicit mechanism to “promote” some carriers from RPG to NPG for such cases? How would the eNB know how to set the parameters?
We made the following observations:

Observation 1: If UE doesn’t understand all the carriers in NPG, RAN2 should discuss whether some carriers nominally in RPG could become NPG carriers.

We proposed the following:
Proposal 1: RAN2 to discuss whether a RPG carrier could become a NPG carrier.
Proposal 2: RAN2 to discuss whether the behaviour in Table 1 should be considered for IncMon.

Proposal 3: Either legacy or extended signalling can be used for signalling of both NPG and RPG to the UEs.

Proposal 4: Discuss whether there is need to explicitly indicate which carriers belong to the RPG. Instead, the eNB could signal the amount of carriers in NPG.
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