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1 Background
The objective of the REL-12 RAN4 work item [1] is to increase the minimum number of inter-frequency carriers and cells a UE shall be able to monitor for UTRA and for EUTRA. RAN4 has made the following agreements, as indicated in LS [2] to RAN2 (summary of changes is listed below, see LS for details):
· UMTS:

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

· UTRA FDD 

2 -> 5

· LTE FDD/TDD
4 -> 9

· Maximum number of inter-frequency HSPA neighbours (non-DCH and DCH):

· 80 (max 32 cells/frequency)
· LTE:

· Number frequencies to monitor (Connected and Idle):

· UTRA FDD 

3 -> 6

· UTRA TDD

3 -> 7

· LTE FDD/TDD
3 -> 8

· Maximum number of iRAT HSPA neighbours (Connected):

· 80 (max 32 cells/ frequency)
The signalling impact on UMTS (25.331) and LTE (36.331) to support these RAN4 agreements is analysed in this contribution.
As indicated in the LS [2] RAN4 has not completed all the work, and therefore the impact on stage 3 signalling is for information only. 

2 Discussion
2.1 LTE
Concerning the number of frequencies to monitor and the maximum number of HSPA neighbours to monitor in LTE the following signalling options are available:
Idle mode:
· In SystemInformationBlockType5 up to 8 LTE frequencies can be broadcasted (maxFreq = 8)

· In SystemInformationBlockType6 up to 16 UTRAN frequencies (FDD or TDD) can be broadcasted (maxUTRA-FDD-Carrier and maxUTRA-TDD-Carrier = 16)

Connected mode:

· In MeasObjectUTRA up to 32 measurement objects (maxObjectId = 32) can be signalled to configure (UTRA frequency) measurements. These measurement objects are used for all measurements (e.g. intra-frequency, inter-frequency, iRAT, etc). However 32 measurement objects should be sufficient to configure up to 13 (frequency) layers including the serving frequency as agreed by RAN4 [2]. Furthermore up to 32 HSPA neighbours per frequency can be signalled (maxCellMeas = 32).
Similar observations concerning the signalling impact were made in RAN4 contribution [3]. Based on the above analysis it is concluded:
Observation 1: No changes to the LTE signalling (36.331) are required to support the RAN4 agreements concerning the increased number of frequencies/iRAT HSPA neighbours to monitor as indicated in LS R4-140401.

In RAN2#83bis it has been agreed [4] (REL-10) that the network may configure more frequencies/cells than the UE is required to measure:
1    RAN2 confirms that the eNB can configure more cells (according to 36.331, section 11.1) for a frequency than the minimum measurement requirements in TS 36.133. 

2    RAN2 confirms that the eNB may configure more frequencies (according to 36.331, section 11.1) than the minimum monitoring requirements in TS 36.133. However, the NW does not know on which of the configured frequencies the UE will measure. 

It is unspecified which frequencies/cells the UE monitors when the signalling exceeds the minimum measurement requirement. It is perhaps likely that the UE selects the first signalled frequencies/cells, instead of the last signalled, or a random selection. In dedicated signalling the network may prevent signalling more frequencies/cells than the UE is required to support. However in system information broadcast this is not possible. It is noted that this aspect is not a new issue introduced in REL-12 due to changing RAN4 measurement requirements, but this issue is already present in earlier releases. Furthermore dependent on the outcome of the RAN4 discussions on their open issues there could be further requirements on the frequencies to prioritize for measurements. It is proposed to wait for the outcome of the RAN4 discussions on this topic. 
2.2 UMTS

First the number of frequencies to monitor is discussed in section 2.2.1, and next the additional number of inter-frequency neighbours to monitor is discussed in section 2.2.2. 
2.2.1 Maximum number of frequencies to monitor
Based on the RAN4 agreements the UE has to be able to measure up to 5 inter-frequencies and up to 9 LTE frequencies. For the 5 inter-frequencies there is no signalling impact (maxFreq = 8), but for the 9 LTE frequencies there is (maxNumEUTRAFreqs = 8). 
Without going into every detail of the RAN2 signalling, it can be stated that most of the RAN2 signalling is prepared to handle up to 8 frequencies. To signal up to 9 LTE frequencies would require a large number of signalling changes and different measurement related features would be impacted as well. To signal up to 9 LTE frequencies impacts signalling for priority based cell re-selection (REL-8), dedicated priority signalling (REL-8), MFBI signalling (REL-10), logged measurements (REL-10), logged measurements for extended LTE frequency range (REL-11), logged connection establishment failure (REL-11), RACH LTE measurements in CELL_FACH configuration (REL-11) (maxNumEUTRAFreqs = 8): 
· 10.3.2.7
Dedicated priority Information

· 10.3.7.6b
E-UTRA frequency list

· 10.3.7.45
Measured results on RACH

· 10.3.7.115
E-UTRA frequency and priority info list (incl. MFBI signalling)
· 10.3.7.129
Logged Measurement Info-FDD

· 10.3.7.129a
Logged Connection Establishment Failure Info-FDD

· 10.3.7.130
Logged Measurement Info-TDD

· 10.3.7.137
E-UTRA measurement for CELL_FACH

· 10.3.7.138
E-UTRA results for CELL_FACH
· 10.3.7.139
E-UTRA frequency RACH reporting information

· 10.3.8.4L
E-UTRA Target Info
· 13.4.6a

EUTRA_FREQUENCY_INFO_LIST

· 13.4.15c
PRIORITY_INFO_LIST

Based on the (extensive) signaling impact to support 9 LTE frequencies in UTMS, and the minor difference with already supported 8 LTE frequencies, it is proposed to not extend the signaling for maximum number of LTE frequencies in UMTS beyond 8. It is proposed to indicate the extensive signaling impact to support 9 LTE frequencies to RAN4:
Proposal 1: Indicate in an LS to RAN4 the extensive signaling impact to support 9 LTE frequencies in UMTS, and the fact that up to 8 LTE frequencies are already supported in the signalling.
Although there is no signaling impact to configure up to 8 LTE frequencies, there is a signaling impact to report more than 4 LTE frequencies. The UE is currently able to report up to 4 LTE frequencies in accordance with the existing measurement requirements. This reporting limitation applies to the LTE measurement reporting in CELL_DCH (REL-8) and CELL_FACH (REL-11).
CELL_DCH (REL-8): maxReportedEUTRAFreqs (= 4): impacted IEs / variables / features:
· 10.3.7.6a
E-UTRA event results

· 10.3.7.6c
E-UTRA measured results

· 13.4.27f10
TRIGGERED_3A_EVENT

· 13.4.27f11
TRIGGERED_3B_EVENT

· 13.4.27f12
TRIGGERED_3C_EVENT

Proposal 2: Increase the number of LTE frequencies that can be reported in CELL_DCH to 8.

Similar restrictions to the LTE frequency reporting exist in CELL_FACH for REL-11:

CELL_FACH (REL-11): maxNumEUTRAFreqs_FACH (= 4): impacted IEs / variables / features:

· 10.3.7.45
Measured results on RACH

· 10.3.7.137
E-UTRA measurement for CELL_FACH

· 10.3.7.138
E-UTRA results for CELL_FACH

· 13.4.57

EUTRA_FREQUENCY_INFO_LIST_FACH

Proposal 3: Increase the number of LTE frequencies that can be reported in CELL_FACH to 8.

In case the network signals more frequencies (M) that the UE is required to be able to measure simultaneously (N), then the UE selects the first N frequencies from the signaled list, as specified in section 8.6.7.14 and 8.6.7.15 in TS 25.331, see appendix A.
2.2.2 Maximum number of inter-frequency neighbours
The increase of maximum number of inter-frequency neighbours in UMTS to 80 (max 32/frequency) is affecting system information in non-DCH states, and MEASUREMENT CONTROL message in CELL_DCH state. 
2.2.2.1 System information
Currently up to 32 inter-frequency neighbours can be broadcasted in SIB11 and SIB11bis together. To enable to broadcast up to 80 inter-frequency neighbours in total, without affecting the legacy broadcasting of up to 32 neighbours in SIB11/11bis, it is proposed to add a new SIB that enables the broadcasting of up to 48 inter-frequency neighbours:

Proposal 4: Introduce a new SIB which enables the network to broadcast up to 48 inter-frequency neighbours. 
It is noted that in section 8.6.7.3 it is specified how the UE shall store the received inter-frequency neighbour information in SIB11 and SIB11bis in variable CELL_INFO_LIST, see Appendix B. The UE stores first the inter-frequency neighbours received in SIB11, and next the inter-frequency neighbours received in SIB11bis. Here it is also noted that the UE behaviour is unspecified when the network signals more than 32 neighbours, i.e. if the network signals more neighbours than the UE is required to support. 

However in case the network only would need to broadcast up to 64 inter-frequency neighbours (e.g. 4 inter-frequencies with each 16 neighbours), it should be allowed to broadcast up to 64  inter-frequency neighbours in SIB11 and SIB11bis in total, and thus avoiding for UE and NW to use the new SIB. 
It is proposed to define rules how the UE should select the inter-frequency neighbours when the signalled number of neighbours exceeds the measurement requirements, similar as was done for the frequencies in section 8.6.7.14 and 8.6.7.15 in TS 25.331:

Proposal 5: Allow the network to signal more inter-frequency neighbour cells than the UE is required to support from a measurement perspective.  

Proposal 6: Introduce rules how the UE shall select the inter-frequency neighbours when the total number of neighbours in both SIB11 and SIB11bis exceeds the measurement requirements. Introduce these rules in REL-11, and allow early UE implementation of this feature.
Similar to SIB11 and SIB11bis it is proposed to put the new SIB that carries the additional inter-frequency neighbours under Deferred Measurement Control Reading (DMCR) to not impact CS fallback latency:

Proposal 7: Include the new SIB, which carries the additional inter-frequency neighbours, under Deferred Measurement Control Reading.
2.2.2.2 MEASUREMENT CONTROL

The MEASUREMENT CONTROL message enables the network to configure up to 32 inter-frequency neighbours (10.3.7.13 Inter-frequency cell info list (maxCellMeas = 32)). An extended list for another 48 neighbour cells needs to be added. 

Proposal 8: Introduce an additional inter-frequency cell info list for up to 48 cells in MEASUREMENT CONTROL message.
The measurement control and measurement results are stored in the UE. For the following information stored in the UE new variables need to be introduced to store the additional LTE frequencies and inter-frequency neighbours. 
· 13.4.0
CELL_INFO_LIST
· 13.4.57
EUTRA_FREQUENCY_INFO_LIST_FACH
Proposal 9: Introduce updated UE variables to enable the UE to store the measurement configuration information for the increased number of frequencies/cells to monitor.
2.2.3 UE capability

Further discussion is needed whether the RAN4 measurement capabilities, as summarized in orange in chapter 1, are mandatory for a REL-12 UE to support. Especially the signalling changes for UMTS, as described in previous sections, should be considered in this discussion. The UE should be able to IOT test new features/signalling before releasing them in the field. But IOT test availability depends on availability of these enhancements in the network.  
It is noted that the LTE measurements in CELL_FACH are connected to existing optional UE features: 
· Absolute Priority reselection from CELL_FACH to LTE
· Support of E-UTRA FDD/TDD measurements and reporting in CELL_FACH
· LTE measured results on RACH
Further discussion is needed whether (any type of) capability signaling is needed to indicate that the UE supports the LTE and UMTS measurement capabilities and signaling changes as discussed in previous sections. 
Proposal 10: Discuss the UE support for the LTE and UMTS measurement capabilities in REL-12.  
3 Summary

RAN2 is kindly asked to discuss the signaling impact of the RAN4 agreements to measure additional frequencies and cells: 

Proposal 1: Indicate in an LS to RAN4 the extensive signaling impact to support 9 LTE frequencies in UMTS, and the fact that up to 8 LTE frequencies are already supported in the signalling.
Proposal 2: Increase the number of LTE frequencies that can be reported in CELL_DCH to 8.

Proposal 3: Increase the number of LTE frequencies that can be reported in CELL_FACH to 8.

Proposal 4: Introduce a new SIB which enables the network to broadcast up to 48 inter-frequency neighbours. 
Proposal 5: Allow the network to signal more inter-frequency neighbour cells than the UE is required to support from a measurement perspective.  

Proposal 6: Introduce rules how the UE shall select the inter-frequency neighbours when the total number of neighbours in both SIB11 and SIB11bis exceeds the measurement requirements. Introduce these rules in REL-11, and allow early UE implementation of this feature. . 
Proposal 7: Include the new SIB, that carries the additional inter-frequency neighbours, under Deferred Measurement Control Reading.
Proposal 8: Introduce an additional inter-frequency cell info list for up to 48 cells in MEASUREMENT CONTROL message.

Proposal 9: Introduce updated UE variables to enable the UE to store the measurement configuration information for the increased number of frequencies/cells to monitor.

Proposal 10: Discuss the UE support for the LTE and UMTS measurement capabilities in REL-12.
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Appendix A

8.6.7.14
Inter-frequency measurement
If the Inter-frequency cell info list, included in the variable CELL_INFO_LIST, includes a number (M) of frequencies that is larger than the number (N) considered in a UE performance requirement defined in [19] and [20]:

1>
the UE shall:

2>
meet this performance requirement on the first relevant (N) frequencies, according to the order defined by the position of the frequencies in the Inter-frequency cell info list, included in the variable CELL_INFO_LIST.

1>
the UE may:

2>
ignore the remaining (M-N) frequencies.

NOTE:
If the variable SECONDARY_CELL_E_DCH_TRANSMISSION is TRUE, the relevant (N) frequencies do not include the downlink frequency associated with the secondary uplink frequency.

…

8.6.7.15
Inter-RAT measurement
If the Inter-RAT cell info list, included in the variable CELL_INFO_LIST, includes a number (M) of frequencies that is larger than the number (N) considered in a UE performance requirement defined in [19] and [20]:

1>
the UE shall:

2>
meet this performance requirement on the first relevant (N) frequencies, according to the order defined by the position of the frequencies in the Inter-RAT cell info list, included in the variable CELL_INFO_LIST.

1>
the UE may:

2>
ignore the remaining (M-N) frequencies.

…
Appendix B

8.6.7.3
Intra-frequency/Inter-frequency/Inter-RAT cell info list
…

If the IE "Inter-frequency cell info list" is received in System Information Block Type 11 update the variable CELL_INFO_LIST accordingly and in the following order. The UE shall:

1>
if the IE "Inter-frequency cell removal" is received:

2>
ignore the IE.

1>
if the IE "New Inter-frequency cells" is received, for each cell, and in the same order as the cells appear in the IE:

2>
update the variable CELL_INFO_LIST as follows:

3>
if the IE "Inter-frequency cell id" is received:

4>
store received cell information at this position in the Inter-frequency cell info list in the variable CELL_INFO_LIST, possibly overwriting any existing information in this position; and

4>
mark the position "occupied".

3>
if the IE "Inter-frequency cell id" is not received:

4>
store the received cell information at the first vacant position in ascending order in the Inter-frequency cell info list in the variable CELL_INFO_LIST; and

4>
mark the position as "occupied".

If the IE "Inter-frequency cell info list" is received in System Information Block Type 11bis, the UE shall update the variable CELL_INFO_LIST accordingly and in the following order. The UE shall:

1>
for each cell, and in the same order as the cells appear in the IE:

2>
update the variable CELL_INFO_LIST as follows:

3>
if the IE "Inter-frequency cell id" is received:

4>
store received cell information at this position in the Inter-frequency cell info list in the variable CELL_INFO_LIST, possibly overwriting any existing information in this position; and

4>
mark the position "occupied".

3>
if the IE "Inter-frequency cell id" is not received:

4>
store the received cell information at the first vacant position in ascending order in the Inter-frequency cell info list in the variable CELL_INFO_LIST; and

4>
mark the position as "occupied".

…
NOTE:
If UTRAN signalling would result in more than "maxCellMeas" cells for the Intra-frequency cell information list on primary uplink frequency, Inter-frequency cell information list or Inter-RAT cell information list the UE behaviour is unspecified.NOTE:
If UTRAN signalling would result in more than "maxCellMeasOnSecULFreq" cells for the Intra-frequency cell information list on secondary uplink frequency the UE behaviour is unspecified.

Appendix C
Constants in 25.331 related to UMTS and LTE frequencies/cells:
	Measurement information
	
	
	

	maxAdditionalMeas
	Maximum number of additional measurements for a given measurement identity
	4
	

	maxMeasEvent
	Maximum number of events that can be listed in measurement reporting criteria
	8
	

	maxMeasEventOnSecULFreq
	Maximum number of events that can be listed in measurement reporting criteria on the downlink frequency associated with secondary uplink frequency
	8
	REL-9

	maxCellMeas
	Maximum number of cells to measure
	32
	

	maxCellMeasOnSecULFreq
	Maximum number of cells to measure on the downlink frequency associated with the secondary uplink frequency
	32
	REL-9

	maxReportedEUTRAFreqs
	Maximum number of E-UTRA frequencies to report
	4
	REL-8

	maxReportedEUTRACellperFreq
	Maximum number of E-UTRA cells to report per frequency
	4
	REL-8

	maxFreq
	Maximum number of frequencies to measure
	8
	

	maxFreqMeasWithoutCM
	Maximum number of inter frequencies to measure without CM
	2
	REL-10

	maxNumPrio
	Maximum number of priorities to store
	11
	REL-8

	maxPrio
	Maximum number of RAT or Frequency Priority levels
	8
	REL-8

	maxEUTRACellPerFreq
	Maximum number of E-UTRA cells per frequency
	16
	REL-8

	Frequency information
	
	
	

	MaxFDDFreqList
	Maximum number of FDD carrier frequencies to be stored in USIM
	4 
	

	MaxTDDFreqList
	Maximum number of TDD carrier frequencies to be stored in USIM
	4
	

	MaxFDDFreqCellList
	Maximum number of neighbouring FDD cells to be stored in USIM
	32
	

	MaxTDDFreqCellList
	Maximum number of neighbouring TDD cells to be stored in USIM
	32
	

	Other information
	
	
	

	MaxNumFDDFreqs
	Maximum number of FDD centre frequencies to store
	8
	

	MaxNumTDDFreqs
	Maximum number of TDD centre frequencies to store
	8
	

	maxNumEUTRAFreqs
	Maximum number of EUTRA centre frequencies to store
	8
	REL-8

	maxNumEUTRAFreqs_FACH
	Maximum number of EUTRA centre frequencies to store when in CELL_FACH
	4
	REL-11

	maxEUTRATargetFreqs
	Maximum number of target E-UTRA frequencies
	8
	REL-8

	Logged Measurement information
	
	
	REL-10

	MaxnumLoggedMeas
	Maximum number of Cells or Frequencies that can be listed in Logged Measurement Report.
	8
	REL-10

	MaxLoggedMeas
	Maximum number of logged measurements entries that can be stored by the UE
	4405
	REL-10

	MaxLoggedMeasReport
	Maximum number of Logged Measurment Info sent in LoggedMeasReport
	128
	REL-10

	MaxnumMDTPLMN
	Maximum number of PLMNs in PLMN list for MDT
	15
	REL-11

	ANR information
	
	
	REL-10

	MaxNumANRLoggedItems
	Maximum number of entries in Logged ANR Report info
	4
	REL-10
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