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1   Introduction
In the current specification [1], the minimum time per transmission gap is calculated by assuming 2*0.5 ms for implementation margin. In fact, it was not the assumption to get 6ms transmission gap in previous meetings. In the last RAN4 meeting, document [2] presented considerations on measurement GAP. If the implementation margin of transmission gap is assumed as 2*0.5 ms, the time length for measurement is only 5ms. In some cases, 5ms measurement period is not sufficient to get integrated SCH symbol and consecutive P-SCH and S-SCH for TDD. This document will discuss this issue and give proposed way forward on this issue.
2   Discussion
The document [3] is presented in RAN4#44 meeting. It discussed the transmission gap for measuring inter-frequency E-UTRAN FDD cell. It is said:

“On the assumption that LTE neighbour cells are not synchronized, in order to guarantee that a cell can be detected regardless of its relative timing to the serving cell a minimum of 5.166 useful monitoring time is required (i.e. one half frame plus 2 symbols)” and

“We estimate that an allowance equal to at least 0.5 ms is required in addition to re-tune and settle to the inter-frequency carrier and back to the serving carrier as depicted in Figure 1. For an LTE inter-frequency scenario, given that the Resource block duration is 1 ms this implies that Rx activity will not be possible for a whole subframe, so the overall can be rounded up to 6 ms”.

The document [4] presented in RAN4#46 discussed the transmission gap length for measuring inter frequency LTE TDD and UTRA TDD. It is said:

“Assuming inter frequency cell is unsynchronized with serving cell. Gap for inter frequency measurements may start at any location of inter frequency cell. For measuring reliably in target cell, the gap length is at least half frame plus two OFDM symbol length (0.167ms), and adding frequency switching time. The needed gap length is 5 + 0.167 + 0.5ms = 5.667ms.”(Note: This analysis is based on the original DwPTS design) and

“For E-UTRA TDD UE monitoring LCR TDD of UTRA, it needs to read DwPTS and midamble of TS0. The UE firstly synchronises with neighbour LCR TDD cell by reading DwPTS and then measures the P-CCPCH RSCP by the midamble in TS0. The P-CCPCH is transmitted every 5ms. So the gap length for E-UTRA TDD UE monitoring LCR TDD is at least a half frame plus the midamble length (144chips = 0.1125ms) and switching time. Then the gap length for monitoring LCR TDD is at least 5ms + 0.1125ms + 0.5ms = 5.6125ms.”
From above description we can see that the discussions on gap lengths for monitoring inter frequency or inter RAT were not based on 0.5ms but not 2*0.5ms for two way frequency switching time. In this case, 5.5ms useful monitoring time can be used for measurement. In the previous discussion cited above, it is seen 5.167 is enough for FDD and TDD. For TDD the analysis is based on the original P-SCH/S-SCH design. In a subsequent RAN1 meeting, the P-SCH and S-SCH were modified and separated by additional 2 OFDM symbols. But even in this case 5.29ms (<5.5ms) useful monitoring time is enough for TDD monitoring. So, 6ms is enough for monitoring is based on the assumption of 0.5 ms for two way frequency switching time. So 2*0.5ms implementation margin in the current specification will result in problems for both FDD and TDD monitoring. For resolving this issue, two proposals were discussed in last RAN4 meeting. One proposal is to reduce the time period for implementation margin and the other one  is to extend the transmission gap to 7ms.

From UE implementation point of view, we deem that 0.5ms is sufficient for UE to settle on the target carrier and back to the serving carrier. So we prefer the first solution and modify the implementation margin to 2*0.25ms.
3   Conclusion
The document discussed the implementation margin for measurement gap. It is proposed to modify the two way switching time to 2*0.25ms in the spec as attached in the annex.  If the text proposal is agreed, the related CR will be presented for 36.133.
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==================== Start Text Proposal ====================
8
UE Measurements Procedures in RRC_CONNECTED State

8.1
General Measurement Requirements 

8.1.1
Introduction

This section contains requirements on the UE regarding measurement reporting in RRC_CONNECTED state. The requirements are split in E-UTRA intra frequency, E-UTRA inter frequency, Inter-RAT UTRA FDD, UTRA TDD and GSM measurements. These measurements may be used by the E-UTRAN, e.g. for handover decisions. The measurement quantities are defined in [4], the measurement model is defined in TBD and measurement accuracies are specified in section 9. Control of measurement reporting is specified in [2].

8.1.2
Requirements

8.1.2.1
UE measurement capability

If the UE requires transmission gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single transmission gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.

During the monitoring gaps the UE:

· shall not transmit any data 

·  is not expected to tune its receiver on the E-UTRAN serving carrier frequency.
Inter-frequency and inter-RAT measurement requirements within this section rely on the UE being configured with one monitoring gap pattern. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Transmission Gap Length (TGL, ms)
	Transmission Gap Repetition Period

(TGRP, ms)
	Measurement Purpose

	0
	6
	40
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	TBD
	TBD
	TBD
	TBD


[Editor’s note: Further patterns still need to be defined in order to fulfil all required Inter-RAT monitoring purposes.]

The requirements in section 9 are applicable for a UE performing measurements according to this section.
8.1.2.1.1 Monitoring of multiple layers using gaps

When monitoring of multiple inter-frequency E-UTRAN FDD and inter-RAT (UTRAN, GSM) using gaps is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, UTRAN, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers 

The effective total number of frequencies being monitored is

Nfreq = Nfreq, E-UTRA + Nfreq,UTRA  + Mgsm

where 

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq,UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a TGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a TGRP of 80 ms, MGSM is equal to [ceil(Ncarriers,GSM /20)] where Ncarriers,GSM is the number of GSM carriers on which cells are being measured. [Editor’s note: If additional gap patterns with periodicities other than 40 ms or 80 ms are added, MGSM would need to be defined for them.]

Additionally, TInter1 is defined as the minimum time in milliseconds that is available for inter frequency and inter RAT measurements during the measurement period a 480ms period with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by assuming 2*0.25 ms for implementation margin.

[Editor’s note: Requirements for measurements on inter-frequency E-UTRA TDD and other RATs (UTRAN TDD, cdma2000 and HRPD) when multiple layers are being monitored will need to be included into this section when the individual requirements for those RATs are defined in Section 8.1.2.]

[Editor’s note: A mandatory behaviour on how the UE utilizes monitoring gaps for the different layers will not be specified in 36.133.]
==================== Next Change ====================
8.1.2.3.2
E-UTRAN TDD – TDD inter frequency measurements

8.1.2.3.2.1
E-UTRAN TDD – TDD inter frequency measurements when no DRX is used
When transmission gaps are scheduled the UE shall be able to identify a new TDD inter-frequency within TIdentify_Inter according to the following expression:
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Where:

TInter: This is the minimum time that is available for inter frequency measurements during the measurement period TMeasurement_Period_Inter_TDD with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by assuming 2*0.25ms for implementation margin. The value of TMeasurement_Period_TDD_Inter is defined in table 8.1.2.3.4.1-1.
TBasic_Identify_Inter = 480 ms. It is the time period used in the inter frequency equation where the maximum allowed time for the UE to identify a new TDD inter-frequency cell is defined.
A cell shall be considered detectable provided following conditions are fulfilled: 
-
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, 33, 34, 35, 36, 37, 38, 39 and 40 and SCH_RP/Iot > -4 dB,

-
SCH_RP|dBm( -126 dBm for Band 9 and SCH_RP/Iot > -4 dB, 
-
SCH_RP |dBm( -125 dBm for Bands 2, 5, 7 and 11 and SCH_RP/Iot > -4 dB,

-
SCH_RP |dBm( -124 dBm for Bands 3, 8 and 13 and SCH_RP/Iot > -4 dB.
When transmission gaps are scheduled for TDD inter frequency measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in sub-clause 9.1.3 with measurement period (TMeasurement_Period_TDD_Inter) given by table 8.1.2.3.2.1-1:
Table 8.1.2.3.2.1-1: TMeasurement_Period_TDD_Inter for different configurations
	Configuration
	Measurement bandwidth [RB]
	Number of UL/DL sub-frames per half frame (5 ms)
	DwPTS


	TMeasurement_Period_TDD_Inter [ms]



	
	
	DL
	UL
	Normal CP
	Extended CP
	

	0
	6
	2
	2
	
[image: image2.wmf]s

19760

T

×


	
[image: image3.wmf]s

20480

T

×


	480 x Nfreq, EUTRA-TDD

	1 (Note 1)
	50
	2
	2
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	240 x Nfreq, EUTRA-TDD

	Note 1: This configuration is optional

Note 2: Ts is defined in 3GPP TS 36.211 [16]


Where:

Nfreq, EUTRA-TDD: This is the number of TDD frequencies indicated in the inter frequency measurement control information.
The UE shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per TDD inter-frequency for up to 3 TDD inter-frequencies and the UE physical layer shall be capable of reporting RSRP and RSRQ measurements to higher layers with the measurement period TMeasurement_Period_TDD_Inter.
==================== Next Change ====================
8.1.2.4
Inter RAT measurements

8.1.2.4.1
E-UTRAN FDD – UTRAN FDD measurements

8.1.2.4.1.1
E-UTRAN FDD – UTRAN FDD measurements when no DRX is used

8.1.2.4.1.1.1
Identification of a new UTRA FDD cell

When explicit neighbour list is provided and no DRX is used the UE shall be able to identify a new detectable cell belonging to the monitored set within 
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A cell shall be considered detectable when 

-
CPICH Ec/Io > -20 dB,

-
SCH_Ec/Io > -17 dB for at least one channel tap and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.

8.1.2.4.1.1.2
UE UTRA FDD CPICH measurement capability

When transmission gaps are scheduled for UTRA FDD inter RAT measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in Section 9.2 with measurement period given by
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If the UE does not need measurement gaps to perform UTRA FDD measurements, the measurement period for UTRA FDD measurements is 480 ms.

The UE shall be capable of performing UTRA FDD CPICH measurements for Xbasic measurementUTRA_FDD inter-frequency cells per FDD frequency of the monitored set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_ UTRA_FDD. 


Xbasic measurement UTRA_FDD = 6

TMeasurement_Period UTRA_FDD = 480 ms. The period used for calculating the measurement period Tmeasurement_UTRA_FDD for UTRA FDD CPICH measurements.


TUTRA_FDD: This is the minimum time that is available for UTRA FDD measurements , during the period TMeasurement_Period UTRA_FDD  with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by using the measurement gap length of 6ms and assuming 2*0.25 ms for implementation margin.


Tbasic_identify_UTRA_FDD  = 300 ms. This is the time period used in the inter RAT equation where the maximum allowed time for the UE to identify a new UTRA FDD cell is defined.


Tbasic_measurement_UTRA_FDD = 50 ms. This is the time period used in the equation for defining the measurement period for inter RAT CPICH measurements.
Nfreq and Tinter1 are defined in section 8.1.2.1.1
8.1.2.4.1.2
E-UTRAN FDD – UTRAN FDD measurements when DRX is used

When explicit neighbour list is provided and DRX is used the UE shall be able to identify a new detectable cell belonging to the neighbour cell list within Tidentify,UTRA_FDD as shown in table 8.1.2.4.1.2-1
Table 8.1.2.4.1.2-1: Requirement to identify a newly detectable UTRA FDD cell

	DRX cycle length (s)
	 Tidentify_inter (s) (DRX cycles)

	
	Gap period = 40 ms
	Gap period = 80 ms

	≤0.04
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable

	0.08
	3.2* Nfreq (40* Nfreq)
	7.2* Nfreq (90* Nfreq)

	0.16
	3.2* Nfreq (20* Nfreq)
	7.2* Nfreq (45* Nfreq)

	0.32
	6.4* Nfreq (20* Nfreq)
	7.36* Nfreq (23* Nfreq)

	0.64
	12.8 * Nfreq (20* Nfreq)
	12.8 * Nfreq 

(20* Nfreq)

	1.28
	25.6 * Nfreq (20* Nfreq)
	25.6* Nfreq (20* Nfreq)

	2.56
	51.2* Nfreq (20* Nfreq)
	51.2* Nfreq (20* Nfreq)


A cell shall be considered detectable provided following conditions are fulfilled: A cell shall be considered detectable when 

-
CPICH Ec/Io > -20 dB,

-
SCH_Ec/Io > -17 dB for at least one channel tap and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.
The UE shall be capable of performing RSCP and Ec/Io measurements of at least 6 UTRA cells per UTRA FDD carrier for up to 3 UTRA FDD carriers and the UE physical layer shall be capable of reporting RSCP and Ec/Io measurements to higher layers with the measurement period defined in table 8.1.2.3.1.2-2.
Table 8.1.2.4.1.2-2: Requirement to measure UTRA FDD cells
	DRX cycle length (s)
	Tmeasure_inter (s) (DRX cycles)

	≤0.04
	Non DRX Requirements in section 8.1.2.4.1.1 are applicable

	0.08
	0.48*Nfreq (6*Nfreq)

	0.16
	0.8*Nfreq (5*Nfreq)

	0.32
	1.6*Nfreq (5*Nfreq)

	0.64
	3.2*Nfreq (5*Nfreq)

	1.28
	6.4*Nfreq (5*Nfreq)

	2.56
	12.8*Nfreq (5*Nfreq)


The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.
8.1.2.4.2
E-UTRAN TDD – UTRAN FDD measurements

8.1.2.4.2.1
E-UTRAN TDD – UTRAN FDD measurements when no DRX is used

8.1.2.4.2.2
E-UTRAN TDD – UTRAN FDD measurements when DRX is used

8.1.2.4.3
E-UTRAN TDD – UTRAN TDD measurements

8.1.2.4.3.1
E-UTRAN TDD – UTRAN TDD measurements when no DRX is used

8.1.2.4.3.1.1
Identification of a new UTRA TDD cell

When explicit neighbour list is provided and no DRX is used the UE shall be able to identify a new detectable cell belonging to the monitored set within
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If the UE does not require transmit gap to perform inter-RAT UTRA TDD measurements, the UE shall be able to identify a new detectable inter-RAT UTRA TDD cell belonging to the monitored set within 5000 ms.
A cell shall be considered detectable when
-
P-CCPCH Ec/Io > -8 dB,
-
DwPCH_Ec/Io > -5 dB.
When L3 filtering is used an additional delay can be expected.

8.1.2.4.3.1.2
UE UTRA TDD P-CCPCH RSCP measurement capability

When transmission gaps are scheduled for UTRA TDD inter RAT measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in Section 9.3 with measurement period given by
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If the UE does not need measurement gaps to perform UTRA TDD measurements, the measurement period for UTRA TDD measurements is 480 ms.
The UE shall be capable of performing UTRA TDD P-CCPCH RSCP measurements for Xbasic measurementUTRA_TDD inter-frequency cells per TDD frequency of the monitored set for up to 3 UTRA TDD carrier frequencies, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_ UTRA_TDD.

Xbasic measurement TDDinter = 6

TMeasurement_Period UTRA_TDD = 480 ms is the period used for calculating the measurement period Tmeasurement_UTRA_TDD for UTRA TDD P-CCPCH RSCP measurements.


TUTRA_TDD: This is the minimum time that is available for UTRA TDD measurements, during the period TMeasurement_Period UTRA_TDD with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by using the measurement gap length of 6ms and assuming 2*0.25 ms for implementation margin.


Tbasic_identify_UTRA_TDD = 800 ms is the time period used in the inter RAT equation where the maximum allowed time for the UE to identify a new UTRA TDD cell is defined.


Tbasic_measurement_UTRA_TDD = 50 ms is the time period used in the equation for defining the measurement period for inter RAT P-CCPCH RSCP measurements.


Nfreq and Tinter1 are defined in section 8.1.2.1.1
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