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Discussion 

1. Introduction
In this contribution we review past decisions and discussion on CA measurements, as well as providing an updated draft text proposal for requirements which can be discussed for ultimate inclusion in 36.133. Some comments made in RAN4#57 and RAN4#57AH are discussed.
2. Discussion
In [1], the following proposals for measurements for carrier aggregation were presented
Proposal 1: Idle state mobility requirements are kept same as in Rel-8/9.

Proposal 2: The mobility measurement requirements for configured deactivated component carriers is evaluated, considering the pros and cons accounting traffic activity (and the following activation/deactivation of component carriers), UE power consumption and mobility performance.  

Proposal 3: As a working assumption the non-configured component carriers are measured with measurements gaps as in Rel-8/9. Possibility to perform measurements without measurements gaps is considered only for configured CCs.

Proposal 4: Mobility requirements will be based on PCell mobility.
Although the official status of [1] is that it was noted, there seems nevertheless to be some consensus around these proposals, which have not been heavily discussed after RAN4 AH#3.

Most of the work on measurements since June/July in RAN4 has focussed on measurements of deactivated SCells, and several companies have performed system simulation campaigns, for example most recently in [2]
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 \* MERGEFORMAT [3] and [4]. These results have indicated a need for some configurability in measurement period to handle different carrier aggregation deployment scenarios while still allowing opportunity of good UE power consumption savings. Also, the latest contributions confirm the range indicated provisionally to RAN2 that the SCell measurement period should be configurable between 800ms and  6400 ms, corresponding to Rel’8/9 performance requirements for DRX cycles between 160 ms and 1280 ms.
Other discussions which have taken place in RAN4 under CA RRM include report mapping for power headroom (PHR reporting), and discussion about RF retuning. Since these other discussions are not complete, for now we focus in this contribution on how other measurement aspects could be captured in 36.133. SCell radio link monitoring was also discussed, and some outcomes informed to RAN2 by LS.

To test that our understanding is the same as other companies, we summarise in outline some of the proposals that could be considered for SCell measurements

1. Measurements on the PCC are similar to release 8/9 intra-frequency measurements and we expect that the performance requirements are the same

2. Measurements on any non configured SCC are similar to relelease 8/9 interfrequency measurements with gaps, and we expect that the performance requirements are the same

3. Measurements on any SCC when the SCell is active can be performed without gaps, and we expect that the performance requirements are the same as release 8/9 intrafrequency measurement requirements (eg PCC and active SCC are measured at the same rate)

4. Measurements for deactivated SCC are performed without gaps, and RAN4 needs to define Rel’10 performance requirements. These are expected to have measurement period configurable in the range of 800ms-6400ms when common DRX is not ongoing, and UE measurements activities may be further reduced when common DRX is used by the UE
5. Assuming that SCC measurement period should be configurable, this needs to be informed to RAN2 by LS, so that the appropriate configuration parameters can be defined in RRC specification
3. Further discussion based on comments from RAN4#57

The initial proposal was presented in RAN4#57 and a number of comments were made. Some of the main comments were

· Are intra-frequency or inter-frequency accuracy requirements applicable to measurements of the SCC? 
As interband CA measurements would be performed using a separate RF branch it would seem that their relative accuracy compared to PCC measurements would be the same as for interfrequency single carrier measurements. Similarly one of the main sources of measurement error for adjacent carrier measurements would be RF passband filter ripple,and it would seem that interfrequency requirements are appropriate. Therefore our view is that interfrequency accuracies are more appropriate, even though the measurements should be performed without gaps.
· Cell search requirements would need further checking and consideration

 We believe the proposal of 20*scellMeasCycle in [6] is an appropriate one. We envisage that there are two main uses of measurements of deactivated SCC. These are

1. Performing SCell <> PCell swapping in cases where the coverage of the PCC and SCC is not the same (such as scenario 3 and  3.1 in the system simulations)

This is similar to interfrequency handover for non-CA capable  networks and UE, and the cell identification. Considering the minimum performance with 40ms periodicity measurement gaps, no DRX and one frequency layer newly detectable cells would be identified within

480 * (480/60) = 3840ms according to the release 8 requirement. Considering the proposal of 20* scellMeasCycle with a minimum value of 160ms for scellMeasCycle, this gives 3200ms.

In other words, if release 8 cell identification performance is sufficient to support interfrequency handover in the deployment scenario then deactivated SCell measurements can offer a slightly better minimum performance, as well as having the advantage that measurement gaps do not need to be activated before the measurements can be started.

2. Monitoring the SCell to verify that it remains activatable

In this case the SCell is already known to the UE and cell searcher performance is not relevant.

· The requirements have considered the case of 1 secondary carrier, and there has not been consideration of additional secondary carriers

CA bandwidth classes A,B and C defined for release 10 have at most 2 CCs, so RRM requirements should prioritse those cases. When considering the possibility to have a greater number of CC in future it seems likely that there would need to be sufficient UE processing capability to measure all on CCs with release 8 measurement performance when they are active. Similarly, when the carriers are configured but deactivated it seems possible to measure them without a need, for example, to scale the requirements according to the number of carriers. These aspects could be checked and confirmed when RAN4 considers additional CA scenarios in future releases.
· Should the UE shall be capable of performing RSRP measurements for 6 or 8 identified cells per secondary component carrier?
The text proposal in [6] proposed that the UE shall be capable of measuring 8 cells per secondary component carrier. Some companies felt that this is not in line with the baseline agreements in RAN4. While we are not sure whether this has been explicitly discussed in the past, it is true that in gap based measurements of the SCC, the minimum requirement is to perform RSRP measurements on 6 cells. Hence it seems appropriate to consider that 6 identified cells can be measured per SCC. In any case, considering the measurement accuracy side conditions it is highly unlikely that 8 cells could simultaneously meet the Es/Iot needed to ensure that they can be measured.

· Table 8.2.2-1 : Requirements for reporting criteria per measurement category would need to be updated
We agree, some additional event evaluation capability is likely to be needed in CA capable UE due to the additional measurement events added for CA.  Analysis needs to be performed and the table needs to be updated in release 10, but this should not preclude progress on the other aspects of measurement performance.
4. Further discussion based on comments from RAN4#57AH

In RAN4#57AH, the following main comments were made and are addressed

· Number of cells for interfrequency requirements had been incorrectly copied from WCDMA specifications. In this updated version of the text proposal, the number of cells to be measured is corrected from 6 to 4.

· Baseline 36.133 was an old one, and some new frequency bands are now defined. In this updated version of the text proposal requirements for bands 24, 42 and 43 are defined to align with the latest version of 36.133 (10.1.0) 
· The most signifcant technical discussion was on the measurement accuracies, and especially what the measurement accuracy should be when two cells eg on an SCC are compared. After the meeting, we reviewed the situation for single carrier measurements, since in principle the RF impairments would be much the same for CA measurements without gaps and for non-CA measurements with gaps.

The situation for release 8/9 can be summarised as follows, according to 36.133

Intra-frequency absolute accuracy : The requirements for absolute accuracy of RSRP/RSRQ apply to a cell on the same frequency as that of the serving cell.

Intra-frequency relative accuracy  : Intra-frequency relative accuracy of RSRP/RSRQ is defined as the RSRP/RSRQ measured from one cell compared to the RSRP/RSRQ measured from another cell on the same frequency.
Inter-frequency absolute accuracy : The requirements for absolute accuracy of RSRP/RSRQ apply to a cell that has different carrier frequency from the serving cell.

Inter-frequency relative accuracy : The relative accuracy of RSRP/RSRQ in inter frequency case is defined as the RSRP/RSRQ measured from one cell compared to the RSRP/RSRQ measured from another cell on a different frequency.

Particularly, the release 8/9 requireements do not depend on whether a particular frequency or band needs gaps for measurement in the UE capabilities.

These definitions seem fairly feasibly extended to cover the case where carrier aggregation is configured, and the following approach could be considered.

· Cells on both PCC and SCC are measured without gaps, and since both PCell and SCell are considered as serving cells, the absolute accuracy of cells on either the PCC or SCC could be considered the same as intrafrequency absolute accuracy.
· Comparison of cells on the PCC with other cells on the PCC could be considered the same as intrafrequency relative accuracy
· Comparison of cells on the SCC with other cells on the SCC could be considered the same as intrafrequency relative accuracy
· Comparison of cells on the PCC with SCC (or between two different SCC) could be considered as measurement between two different frequency layers, and so could be considered the same as interfrequency measurement accuracy.
It was also discussed in RAN4#57AH that requirements be generic (as with existing requirements) so there would be no distinction between intraband contiguous carrier aggregation measurement accuracy requirements and interband carrier aggregation. This approach seems preferable since there can be several different UE architectures for performing intraband CA and it is not guaranteed that the measurements are made with the same RF chain between PCC and SCC.

Although such accuracy requirements can almost be inferred from the existing text in 36.133 chapter 9, it may be preferable to clearly state for carrier aggregation which accuracy requirements are applicable, so the text proposal is updated to include a new section in chapter 9, describing the accuracies of different carrier aggregation measurement cases.
5. Text proposal for 36.133
8.3
Measurements for E-UTRA carrier aggregation

8.3.1
Introduction

This section contains requirements on UE capabilities for support of E-UTRA carrier aggregation. Requirements in this section are applicable to all carrier aggregation capable UE which have been configured with one or more downlink Scells. Non configured frequencies may be measured with measurement gaps according to the requirements in section 8.1.2.3 (E-UTRAN inter frequency measurements). Requirements in this section are applicable to both FDD and TDD carrier aggregation.
8.3.2
Measurements of the primary component carrier

Meaurements of cells on the primary component carrier shall meet all applicable requirements (FDD or TDD) in section 8.1.2.2 (E-UTRAN intra frequency measurements)

8.3.3
Measurements of secondary component carrier(s)

Secondary component carriers may be activated and deactivated by MAC-CE commands as specified in [17]. The applicable performance requirements depend on whether the Scell on the corresponding frequency  is actived or deactivated.
8.3.3.1
Measurements of secondary component carrier(s) with active SCell

When the SCell is activated, measurement performance requirements for the frequency are those given in section 8.1.2.2(E-UTRAN intra frequency measurements). If common DRX is in use, then the requirements for secondary component carriers are given by the applicable DRX requirements (FDD or TDD) in section 8.1.2.2, otherwise the non DRX requirements are applicable. The applicable measurement accuracy requirements are in section 9.1.11 (Carrier aggregation measurement accuracy)
8.3.3.2
Measurements of secondary component carrier(s) with deactivated SCell

8.3.3.2.1

E-UTRAN secondary component carriers measurements when no common DRX is used

When no DRX is in use the UE shall be able to identify a new detectable FDD cell within Tidentify_scc, according to the parameter scellMeasCycle where Tidentify_scc = 20 scellMeasCycle
A cell shall be considered detectable when 

-
RSRP related side condition given in Section 9.1 are fulfilled for a corresponding Band,

-
 SCH_RP|dBm > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 24,   33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43  and SCH  Ês/Iot  > - 6 dB.

-
SCH_RP|dBm( -126 dBm for Band 9 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -125 dBm for Bands 2, 5, 7 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20 and SCH Ês/Iot > - 6 dB.
The measurement period for intra frequency measurements is Tmeasure_scc according to the parameter measurement scellMeasCycle where Tmeasure_scc = 5 scellMeasCycle. The UE shall be capable of performing RSRP measurements for 4 identified cells per secondary component carrier, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_scc. 

The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.11 (Carrier aggregation measurement accuracy)
8.3.3.2.1.1
Measurement Reporting Requirements

8.3.3.2.1.1.1
Periodic Reporting

Reported measurements contained in periodically triggered measurement reports shall meet the requirements in section 9.

8.3.3.2.1.1.2
Event-triggered Periodic Reporting

Reported measurements contained in event triggered periodic measurement reports shall meet the requirements in section 9.

The first report in event triggered periodic measurement reporting shall meet the requirements specified in section 8.3.3.2.1.1.3 Event Triggered Reporting.

8.3.3.2.1.1.3
Event Triggered Reporting

Reported measurements contained in event triggered measurement reports shall meet the requirements in section 9.

The UE shall not send any event triggered measurement reports, as long as no reporting criteria are fulfilled.

The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH.This measurement reporting delay excludes a delay which is caused by no UL resources for UE to send the measurement report.

The event triggered measurement reporting delay, measured without L3 filtering shall be less than Tidentify_scc defined in Section 8.3.3.2.1. When L3 filtering is used an additional delay can be expected.

If a cell which has been detectable at least for the time period Tidentify_scc defined in section 8.3.3.2.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again and triggers an event, the event triggered measurement reporting delay shall be less than Tmeasure_scc provided the timing to that cell has not changed more than ( 50 Ts and the L3 filter has not been used. When L3 filtering is used an additional delay can be expected.
>>>>>
8.3.3.2.2

E-UTRAN secondary component carriers measurements when common DRX is used

When DRX is in use the UE shall be able to identify a new detectable FDD cell within Tidentify_scc, according to the parameter  scellMeasCycle where Tidentify_scc = max(20 scellMeasCycle, Tidentify_scc1).  Tidentify_scc1 is given in table 8.3.3.2.2-1.

Table 8.3.3.2.2-1: Requirement for Tidentify_scc1
	DRX cycle length (s)
	Tidentify_scc1 (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.08<DRX-cycle≤2.56
	Note2(20)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


A cell shall be considered detectable when 

-
RSRP related side condition given in Section 9.1 are fulfilled for a corresponding Band,

-
 SCH_RP|dBm > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21,24,  33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43    and SCH  Ês/Iot  > - 6 dB.

-
SCH_RP|dBm( -126 dBm for Band 9 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -125 dBm for Bands 2, 5, 7 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20 and SCH Ês/Iot > - 6 dB.
The measurement period for intra frequency measurements is Tmeasure_scc according to the parameter measurementDRX-Cycle where Tmeasure_scc =max( 5 measurementDRX-Cycle, Tmeasure_scc1). The UE shall be capable of performing RSRP measurements for 4 identified cells per secondary component carrier, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_scc. Tmeasure_scc1 is given in table 8.3.3.2.2-2

Table 8.3.3.2.2-2: Requirement for Tmeasure_scc1

	DRX cycle length (s)
	Tmeasure_scc1 (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.11 (Carrier aggregation measurement accuracy).
8.3.3.2.2.1
Measurement Reporting Requirements

8.3.3.2.2.1.1
Periodic Reporting

Reported measurements contained in periodically triggered measurement reports shall meet the requirements in section 9.

8.3.3.2.2.1.2
Event-triggered Periodic Reporting

Reported measurements contained in event triggered periodic measurement reports shall meet the requirements in section 9.

The first report in event triggered periodic measurement reporting shall meet the requirements specified in section 8.3.3.2.2.1.3 Event Triggered Reporting.

8.3.3.2.2.1.3
Event Triggered Reporting

Reported measurements contained in event triggered measurement reports shall meet the requirements in section 9.

The UE shall not send any event triggered measurement reports, as long as no reporting criteria are fulfilled.

The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH.This measurement reporting delay excludes a delay which is caused by no UL resources for UE to send the measurement report.

The event triggered measurement reporting delay, measured without L3 filtering shall be less than Tidentify_scc defined in Section 8.3.3.2.2. When L3 filtering is used an additional delay can be expected.

If a cell which has been detectable at least for the time period Tidentify_scc defined in section 8.3.3.2.2 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again and triggers an event, the event triggered measurement reporting delay shall be less than Tmeasure_scc provided the timing to that cell has not changed more than ( 50 Ts and the L3 filter has not been used. When L3 filtering is used an additional delay can be expected.
>>>> END OF CHANGES TO THIS SECTION

>>>> START OF CHANGES TO NEXT SECTION
9.1.11
Carrier aggregation measurement accuracy

This section contains requirements on UE capabilities for support of E-UTRA carrier aggregation. Requirements in this section are applicable to all carrier aggregation capable UE which have been configured with one or more downlink Scells. Note : This section covers measurements accuracy requirements for frequencies corresponding to those used for the primary and secondary serving cell(s); measurements of any other frequency are considered to be inter-frequency measurements covered by the accuracy requirements in section 9.1.3 and 9.1.6
9.1.11.1
Primary component carrier accuracy requirement

RSRP and RSRQ measurements of cells on the primary component carrier shall meet the intrafrequency absolute accuracy requirements in sections 9.1.1, and 9.1.5. Comparisons between RSRP and RSRQ of cells on the primary component carrier  shall also meet the intra-frequency relative accuracy requirements in sections 9.1.1 and 9.1.5.
9.1.11.2
Secondary component carrier accuracy requirement

RSRP and RSRQ measurements of cells on any secondary component carrier shall meet the intrafrequency absolute accuracy requirements in sections 9.1.1, and 9.1.5. Comparisons between RSRP and RSRQ of cells on any secondary component carrier  shall meet the intra-frequency relative accuracy requirements in sections 9.1.2 and 9.1.6.

9.1.11.3
Primary and secondary component carrier relative accuracy requirement
When  measurements of cells on the primary or any secondary component carrier are compared with measurements cells on any different secondary component carrier,  the applicable relative accuracy requirements are the RSRP and RSRQ inter-frequency accuracy requirements in sections 9.1.3 and 9.1.6. 
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