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1 Background
Based on the RAN4 agreements [1] for the increased number of frequencies and cells to monitor in REL-12 the signalling impact on LTE and UMTS was discussed during RAN2#85bis [2], [3], [4]. A reply LS [5] was sent to RAN4 to ask if the number of LTE frequencies to monitor in UMTS could be reduced to 8. RAN4 made additional agreements during RAN4#70bis as reported in the LS [6] to RAN2:
· To reduce the necessary changes to signalling, the inter-RAT E-UTRA minimum monitoring requirement when camped on UTRA is to be revised from 9 to 8 in all RRC states. The E-UTRA inter-frequency minimum carrier monitoring requirement of 8 shall still be maintained. This is an update to the earlier information provided to RAN2 in R4-140401.

· The RRM requirements for increased UE carrier monitoring are to be divided into two performance groups, denoted as “normal performance group” and “low performance group”

· Different performance requirements are to be defined by RAN4 for the normal performance group carriers and low performance group carriers in both E-UTRA and UTRA.

· Signaling may be used to indicate which carriers are in normal performance group and which carriers are in the low performance group

· If any other signaling is necessary, RAN4 intends to inform RAN2 by the end of RAN4#71 meeting (May) at latest.

RAN4 requests RAN2 to start studying signaling options to indicate which carriers are in normal performance group and which carriers are in the low performance group [6]. 

In this contribution the signaling impact to indicate normal/low performance group is discussed further. Furthermore the UE capability for these enhanced measurement requirements are discussed. The signaling impact of the increased number of frequencies to monitor is discussed in separate contributions for UMTS and LTE session [7], [8]. The normal/low performance group signaling and UE capability is discussed in this contribution for both UMTS and LTE, and submitted for the Joint agenda item. 
2 Discussion
2.1 Normal/low performance group signalling
The following signalling options are identified:

1. Pre-defined: 
· Based on the existing signalling the UE determines according new procedure rules how to derive the frequencies in the normal and low performance group. This option does not require new signalling, however the number of frequencies in the low and normal performance group is fixed.
2. (Only) the number of frequencies in normal/low performance group is signalled:
· To enable more flexibility compared to the pre-determined option, the number of frequencies in the normal performance group is explicitly signalled. The number of frequencies in the low performance group equals the minimum number of frequencies the UE is required to monitor minus the number of frequencies signalled. This option requires new signalling, but is limited w.r.t. the signalling overhead. 

3. The frequencies in normal/low performance group are signalled explicitly:
· To enable full flexibility set of frequencies in the normal and low performance group is explicitly signalled. This option has the most flexibility but also has the highest signalling overhead. 

In both UMTS and LTE it is already possible to signal/broadcast more frequencies than the UE is required to monitor, although with the existing signalling the requirements cannot be fully met (see [7], [8]):

· Option 1 is not preferred, i.e. some flexibility in the number of frequencies in the high and low performance group is desirable. This flexibility is wanted because the measurement performance is directly dependent on the number of frequencies in the low and normal performance group. 
· Option 2 enables the network to configure the number of frequencies in the low and normal performance group, but still limits the additional signalling overhead. 
· Option 3 provides full configuration flexibility, however introduces signalling overhead. Furthermore option 2 also enables the network to signal to some extend which frequencies are in the low and normal performance group, because this option makes use of the existing signalling. By arranging/ordering the existing signalling the network can make sure that certain frequencies end up in the low/normal performance group. 
Option 2 is preferred as it provides the required flexibility and limits the signalling overhead. In the following a short overview is given how option 2 could be realized in UMTS and LTE. It is assumed that an optional IE Nnormalxxx INTEGER(1..8) is signalled: 
· UMTS:

· Number of frequencies to monitor (Idle, PCH, FACH and DCH):

· UTRA FDD

2 -> 5:    Nnormalutrafdd
· LTE FDD   

4 -> 8:    Nnormalltefdd
· LTE TDD          
4 -> 8     Nnormalltetdd
· LTE:

· Number frequencies to monitor (Connected and Idle):

· UTRA FDD      
3 -> 6:    Nnormalutrafdd
· UTRA TDD

3 -> 7:    Nnormalutratdd
· LTE FDD     
3 -> 8:    Nnormalltefdd
· LTE TDD           
3 -> 8:    Nnormalltetdd
The UE should interpret the IE in the following way:

· The IE indicates the number of frequencies in the "normal performance group"

· The number of frequencies in the "low performance group" = "RAN4 minimum requirements" – "normal performance group" (for example when in UMTS Nnormalutrafdd with value 3 is signaled, then the number of low performance groups frequencies is 5 – 3 = 2)
· The UE behavior is unspecified when the IE value > "RAN4 minimum requirements"
Similar to the existing legacy rules for UMTS (see section 8.6.7.14 and 8.6.7.14 in 25.331) the UE should select the first Nnormalxxx frequencies broadcasted/signaled by the network. This ensures that the NW knows which frequencies the UE considers belonging to the normal performance group. The UE should select the low performance group frequencies in a similar way after the UE has selected the normal performance group frequencies: 
LTE idle:

· SIB5:

· First number of LTE FDD frequencies in InterFreqCarrierFreqList.
· First number of LTE TDD frequencies in InterFreqCarrierFreqList. 
· SIB6: 
· First number of UMTS FDD frequencies in carrierFreqListUTRA-FDD. 
· First number of UMTS TDD frequencies in carrierFreqListUTRA-TDD. 
LTE connected:

· Option 1: 

· First number of UMTS FDD frequencies in UE variable VarMeasConfig.
· First number of UMTS TDD frequencies in UE variable VarMeasConfig.
· First number of LTE FDD frequencies in UE variable VarMeasConfig.
· First number of LTE TDD frequencies in UE variable VarMeasConfig.
· Option 2: 

· BOOLEAN "normal performance group" is added to MeasObjectUTRA / MeasObjectEUTRA to indicate explicitly if the frequency belongs to a normal or low performance group. Absence of the IE indicates that no normal/low performance group is indicated. 

UMTS idle/PCH/FACH:

· First number of UMTS FDD frequencies in variable CELL_INFO_LIST
· First number of LTE FDD frequencies in variable EUTRA_FREQUENCY_INFO_LIST
UMTS DCH:

· Option 1: 

· First number of UMTS FDD frequencies in variable CELL_INFO_LIST

· First number of LTE FDD frequencies in variable EUTRA_FREQUENCY_INFO_LIST

· First number of LTE TDD frequencies in variable EUTRA_FREQUENCY_INFO_LIST

· Option 2: 
· BOOLEAN "normal performance group" is added to IE "Frequency info" (10.3.6.36) to indicate explicitly if the frequency belongs to a normal or low performance group. Absence of the IE indicates that no normal/low performance group is indicated. 

To limit the UE complexity and limit testing effort it can be discussed further if the signaling range for Nnormalxxx (1..8) should be limited. Furthermore, even in case no explicit "normal/low" signaling is used, the NW still has some configuration options by means of the existing measurement signaling :

1. The number of frequencies broadcasted/configured:

a. If higher than the number of frequencies in the legacy measurement requirements:

i. Configures the number of "low" frequencies

b. Else:

i. Configures the number of "normal" frequencies
Based on the analysis above it is proposed:

Proposal 1: Introduce in dedicated signaling and system information for both UMTS and LTE the number of frequencies in normal performance group

2.2 UE capability

There is a significant signalling impact in UMTS to configure and report the additional frequencies/cells to monitor (e.g. new SIB to broadcast up to 80 inter-frequency neighbours). When new frequencies and bands are deployed in the network, the network may not support the full signalling enhancements immediately, but only when there is a need to extend the signalling, the network may be updated. Traditionally measurements are mandatory for the UE to support, however a REL-12 UE may not be able to IOT test these new features, including the signalling changes. Furthermore, dependent on the outcome of the RAN4 discussions on normal/low performance groups, the performance requirements w.r.t. prioritization may be complex to test. Finally the network has to continue to support legacy UEs, i.e. these measurement enhancement only work for REL-12 UEs.
As a reference the RAN4 measurement requirements are listed below [9]:

· UMTS:

· Number of frequencies to monitor (all RRC states):

· UTRA FDD 

2 -> 5

· LTE FDD

4 -> 8
· LTE TDD

4 -> 8
· Total

8 -> 13

· Maximum number of inter-frequency HSPA neighbours (all RRC states):

· 80 (max 32 cells/frequency)

· LTE:

· Number frequencies to monitor (Connected and Idle):

· UTRA FDD 

3 -> 6

· UTRA TDD

3 -> 7

· LTE FDD

3 -> 8

· LTE TDD

3 -> 8

· Total

8 -> 13

· Maximum number of iRAT HSPA neighbours (Connected):

· 80 (max 32 cells/ frequency)

In the following it is proposed to mandate a REL-12 UE to support the RAN4 REL-12 minimum measurement requirements that do not require signalling changes. A REL-12 UE shall also support the measurement requirements that require signalling changes, but an IOT capability bit is introduced, and the UE shall set this bit to TRUE only when it has fully IOT tested the feature: 
Independent from the optional/mandatory discussion above, it is proposed to introduce capability signalling for connected mode, i.e. the NW needs to know if the UE supports the new signalling to configure and report the additional frequencies to monitor, and if the feature has been fully tested:

Proposal 2: Introduce "enhanced measurement" capability signalling in UMTS and LTE 
Mandatory measurement requirements:

UE shall be able to measure on a "pre-defined" normal/low performance group with the legacy number of frequencies in the normal performance group, and the additional frequencies in the low performance group: 

· UMTS: 

· 2 inter-frequencies (normal performance group) + 3 inter-frequencies (low performance group)

· 4 LTE (FDD or TDD) frequencies (normal performance group) + 4 LTE (FDD or TDD) frequencies (low performance group)
· UE shall be able to measure up to 64 inter-frequency neighbours indicated in SIB11/11bis

· LTE:

· 3 UTRA FDD (normal performance group) + 3 UTRA FDD (low performance group)

· 3 UTRA TDD (normal performance group) + 4 UTRA TDD (low performance group)

· 3 LTE FDD (normal performance group) + 5 LTE FDD (low performance group)

· 3 LTE TDD (normal performance group) + 5 LTE TDD (low performance group)

· Maximum number of iRAT HSPA neighbours (Connected) 80 (max 32 cells/ frequency)
Mandatory measurement requirements with IOT capability signalling:

A REL-12 UE shall support the following measurements and associated signalling, but only indicate support by means of IOT capability signalling after having fully IOT tested the feature:
· LTE: 

· Configuration of normal and low performance group frequencies (i.e. different from the "pre-defined" configuration mentioned above)
· The UE shall be able to acquire the extended LTE frequencies indicated in SIB5 (8 LTE FDD + 8 LTE TDD frequencies)
· UMTS:

· Configuration of normal and low performance group frequencies (i.e. different from the "pre-defined" configuration mentioned above)

· UE shall be able to acquire the extended LTE frequencies in measurement configuration and and measurement reporting in all RRC states except CELL_FACH (8 LTE FDD + 8 LTE TDD frequencies)
· UE shall be able to acquire the new SIB with additional 48 inter-frequency neighbours 

Optional measurement requirements coupled to existing UE measurement capability:

The UE capability to measure and report 8 LTE FDD + 8 LTE TDD frequencies in CELL_FACH is coupled to the existing UE measurement capabilities: 

· Support of E-UTRA FDD/TDD measurements and reporting in CELL_FACH

· LTE measured results on RACH
3 Summary

RAN2 is kindly asked to discuss the signaling to indicate normal/low performance group frequencies, and "enhanced measurement" capability signaling:
Proposal 1: Introduce in dedicated signaling and system information for both UMTS and LTE the number of frequencies in normal performance group

Proposal 2: Introduce "enhanced measurement" capability signalling in UMTS and LTE 
4 References

[1] R2-141056, LS on RAN4 agreements on 'Increasing the minimum requirements for number of carriers", (R4-140401), RAN4, Lsin, to: RAN2, RAN2#85bis
[2] R2-141488, Signalling impact for increased number of frequencies to monitor, Ericsson, Disc, RAN2#85bis
[3] R2-141363, Discussion on increasing the minimum requirements for number of carriers, Huawei, HiSilicon, Disc, RAN2#85bis 

[4] R2-141245, Increased monitoring in RRC Connected mode, Broadcom, Disc, RAN2#85bis
[5] R2-141766, Reply LS on increased number of LTE frequencies to monitor in UMTS, Ericsson, LSout, Response to R4-140401 = R2-141056, RAN2#85bis
[6] R4-142530, RAN4 agreements on UE increased carrier monitoring for further RAN2 work, incoming LS from RAN4 to RAN2, RAN2#86
[7] R2-142204, Signalling impact for increased number of frequencies to monitor in LTE, Ericsson, DISC, RAN2#86

[8] R2-142195, Signalling impact for increased number of frequencies to monitor in UMTS, Ericsson, DISC, RAN2#86
[9] R4-140401, LS Out on RAN4 agreements on 'Increasing the minimum requirements for number of carriers', Source: RAN4, To: RAN2, RAN4#79

6

