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1. Introduction
In RAN4#46bis discussion took place around the suitable cell identification and measurement periods when large DRX was configured (ie >80ms).
Summarising our contribution in [1], some proposals made are
· DRX cycles >40ms should be considered as “large”. For smaller DRX cycles, normal non DRX measurement performance requirements should be applicable

· From a power consumption perspective, intra frequency cell searches should be assumed to be performed only on some multiple of the configured DRX cycle, and the needed rate of intra-frequency cell search would still need to be discussed by RAN4

· The number of intrafrequency measurement samples within a measurement period may need to be reduced (which means non DRX accuracy requirements cannot be applied). Alternatively, the intrafrequency measurement period may need to be extended. It is assumed that the UE can measure one L1 sample for all the detected intrafrequency cells once per DRX cycle.

· Although measurement gaps are configured whether or not large DRX is active, it is not intended to mandate that the UE shall use the measurement gaps if more efficient measurement strategies exist. To facilitate further power savings, we consider that similarly to the intra-frequency case it may be important to consider differences in the RAN4 performance requirements beyond simply moving the cell identification and measurement to the next DRX cycle. In this case, the configured measurement gap density would no longer be used to derive the inter-frequency / inter RAT cell identification and it could be more dependent on the configured DRX cycle length, allowing for greater power savings on larger DRX cycles. By also defining inter-frequency and inter-RAT cell identifications and measurements based on the configured DRX cycle we would provide operators with a tool to improve UE power savings for those UEs that implemented more advanced measurement algorithms for power saving purposes by changing DRX cycles.
The purpose of this contribution is to further develop performance requirements for the large DRX case.
2. Cell identification

Our view is that the design tradeoffs for power consumption against acceptable cell identification are very similar in idle mode as for large DRX cycle in LTE RRC Connected state, when it can be assumed that there is no ongoing real time service. The performance of cell identification needs to be so that they start to be measured before they become candidates for reselection (or handover) and we do not see any immediate justification why cell detection with eg 1.28s DRX cycle would be more critical for a UE in RRC connected state than for a UE in idle state. In either case, the consequence of failure to detect a suitable cell in time is the failure of the radio link and probable initiation of cell selection.

For this reason, we propose that cell identification performance is very similar in LTE RRC Connected state with large DRX as idle mode cell identification, although the side conditions when a cell is considered identifiable should be explicitly stated for LTE RRC connected mode, unlike our proposal in [2] for idle mode.
Considering that there are DRX cycles of 80ms and 160ms also to consider (which are not valid idle mode DRX cycle lengths), we note that performing cell identification on every DRX cycle would be rather expensive in terms of power consumption for these shorter DRX cycles. Eg if assuming 80ms DRX cycle, and 5ms cell search activity, one search every 80ms corresponds to 6.25% receiver activity, and may well involve more power consumption than reception of the PDCCH from the serving cell. For this reason, we propose that (similarly to the 320ms idle mode proposal in [2]) cell identification times are not reduced for 80ms and 160ms DRX cycles, compared to 320ms and 640ms. 

This proposal would give the following cell identification times

	DRX cycle length (s)
	Td  (intra) (s) (DRX cycles)
	Td  (inter) (s) (DRX cycles)
	Td  (UTRA FDD) (s) (DRX cycles)

	0.08
	6.4 (80)
	12.8 (160)
	12.8 (160)

	0.16
	6.4 (40)
	12.8 (80)
	12.8 (80)

	0.32
	6.4 (20)
	12.8 (40)
	12.8 (40)

	0.64
	6.4 (10)
	12.8 (20)
	12.8 (20)

	1.28
	12.8 (10)
	25.6 (20)
	25.6 (20)

	2.56
	25.6 (10)
	51.2 (20)
	51.2 (20)


A cell shall be considered detectable when 

-
RSRP > -TBD dBm and Ior/( Îinterfering cells+Ioc) > TBD,

-
SCH Îor > -TBD dBm and SCH Îor/(Îinterfering cells+Ioc)  > [- 6] dB.
Comparing this proposal to the proposal for intrafrequency cell identification performance  in [3], the proposed values are in a similar ballpark, although [3] proposes somewhat tighter requirements for the smaller DRX cycles (especially 80ms) and somewhat looser requirements for the larger DRX cycles.
3. Measurement Period

As proposed in [1], there are two alternative approaches to measurement periods. Either a relatively quick measurement with a filtering period of eg 2 samples can be performed and reported, although it seems that with this approach it would be impossible to meet the non DRX accuracy requirements. Or else a longer measurement period can be defined  in which there are sufficient samples to meet non DRX accuracy requirements. 

Given these possible approaches, we tend to favour the former approach, since L3 filtering mechanisms are also available by which the overall measurement period can be increased and the accuracy improved if necessary. This approach seems to give more flexibility by allowing for either faster measurement reporting or else improved accuracy by configuration of the L3 filter.
Based on this approach, we propose that all measurement types (intrafrequency, interfrequency and UTRA) have a measurement period of 2 DRX cycles (assuming that this corresponds 2 samples), and that the non-DRX accuracy requirements are not applicable. The number of cells which can be monitored at this rate is considered to be the same as for the non-DRX case.

	DRX cycle length (s)
	Tmeas  (intra) (s) (DRX cycles)
	Tmeas  (inter) (s) (DRX cycles)
	Tmeas  (UTRA FDD) (s) (DRX cycles)

	0.08
	0.16 (2)
	0.16 (2)
	0.16 (2)

	0.16
	0.32 (2)
	0.32 (2)
	0.32 (2)

	0.32
	0.64 (2)
	0.64 (2)
	0.64 (2)

	0.64
	1.28 (2)
	1.28 (2)
	1.28 (2)

	1.28
	2.56 (2)
	2.56 (2)
	2.56 (2)

	2.56
	5.12 (2)
	5.12 (2)
	5.12 (2)


This gives somewhat reduced intrafrequency measurement periods compared to those proposed in [4], although it should be remembered that in this proposal, the non-DRX accuracy requirements are no longer applied.
4. Conclusions

A text proposal based on these principles is provided for E-UTRA intrafrequency measurement requirements. Similar text proposals could be developed for E-UTRA interfrequency and UTRA measurements with large DRX cycle.
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----------------------START OF TEXT PROPOSAL --------------------------
8.1.2.2.1
E-UTRAN FDD intra frequency measurements

8.1.2.2.1.1
E-UTRAN intra frequency measurements when no DRX is used
When no DRX, or DRX cycles of less than 80ms are in use the UE shall be able to identify a new detectable FDD intra frequency cell within 
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where


Tbasic_identify_E-UTRA_FDD, intra is [800] ms 

A cell shall be considered detectable when 

-
RSRP > -TBD dBm and Ior/( Îinterfering cells+Ioc) > TBD,

-
SCH Îor > -TBD dBm and SCH Îor/(Îinterfering cells+Ioc)  > [- 6] dB.

TMeasurement_Period Intra = [200] ms. The measurement period for Intra frequency RSRP measurements.

TIntra : This is the minimum time that is available for intra frequency measurements, during the measurement period with an arbitrarily chosen timing.

If higher layer filtering is used, an additional cell identification delay can be expected.

In the RRC_CONNECTED state the measurement period for intra frequency measurements is [200] ms. When no measurement gaps are activated, the UE shall be capable of performing RSRP measurements for [8] identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of [200] ms. When measurement gaps are activated the UE shall be capable of performing measurements for at least Ymeasurement intra cells , where Ymeasurement intra is defined in the following equation. If the UE has identified more than Ymeasurement intra cells, the UE shall perform measurements of all identified cells but the reporting rate of RSRP measurements of cells from UE physical layer to higher layers may be decreased.
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where


Xbasic measurement FDD =  [8] (cells)


TMeasurement_Period Intra = [200] ms. The measurement period for Intra frequency RSRP measurements.


TIntra : This is the minimum time that is available for intra frequency measurements, during the measurement period with an arbitrarily chosen timing.


Tbasic_identify_FDD, intra = [800] ms. This is the time period used in the intra frequency equation where the maximum allowed time for the UE to identify a new FDD cell is defined.

The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.

8.1.2.2.1.2

E-UTRAN intra frequency measurements when DRX is used

When DRX cycles of 80ms or greater are in use the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra as shown in table 8.1.2.2.1.2-1
Table 8.1.2.2.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	0.08
	6.4 (80)

	0.16
	6.4 (40)

	0.32
	6.4 (20)

	0.64
	6.4 (10)

	1.28
	12.8 (10)

	2.56
	25.6 (10)


A cell shall be considered detectable when 

-
RSRP > -TBD dBm and Ior/( Îinterfering cells+Ioc) > TBD,

-
SCH Îor > -TBD dBm and SCH Îor/(Îinterfering cells+Ioc)  > [- 6] dB.

In the RRC_CONNECTED state with DRX cycles of 80ms or greater the measurement period for intra frequency measurements is Tmeasure_intra as shown in table 8.1.2.2.1.2-2. The UE shall be capable of performing RSRP measurements for [8] identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_intra. 
Table 8.1.2.2.1.2-2: Requirement to measure FDD intrafrequency cells
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	0.08
	0.16 (2)

	0.16
	0.32 (2)

	0.32
	0.64 (2)

	0.64
	1.28 (2)

	1.28
	2.56 (2)

	2.56
	5.12 (2)


Measurement accuracy requirements in sub-clause 9.1 are not applicable when DRX cycles of 80ms or greater are configured.
----------------------Beginning of next changed section --------------------------
9.1
E-UTRAN measurements 

The requirements in this clause are applicable for a UE:

-
in state RRC_CONNECTED

-
performing measurements with appropriate measurement gaps as defined in Section 8.1.2.1.

-
that is synchronised to the cell that is measured.
-
no DRX, or DRX cycles of less than 80ms are in use by the UE
The reported measurement result after layer 1 filtering shall be an estimate of the average value of the measured quantity over the measurement period. The reference point for the measurement result after layer 1 filtering is referred to as point B in the measurement model described in TBD. 

The accuracy requirements in this clause are valid for the reported measurement result after layer 1 filtering. The accuracy requirements are verified from the measurement report at point D in the measurement model having the higher layer filtering disabled.
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