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1 Introduction

In RAN4#76bis, simulation assumptions were agreed for cell search, RSRP/RSRQ measurements, and CSI-RSRP measurements in [1], [2], and [3], respectively.

According to the time plan agreed in [1], [2], and [3], RAN4 needs to specify RRM requirements for LAA in RAN4#77.
2 Applicable Requirements for LAA
The following UE physical-layer measurement types are to be used with LAA: RSRP, RSRQ, CSI-RSRP, and RSSI.
Only periodic reporting will be supported for RSSI, while periodic and event-triggered reporting will be supported for RSRP, RSRQ, and CSI-RSRP.

Furthermore, the following events have been agreed by RAN2 for event-triggered LAA measurements (RSRP, RSRQ, and CSI-RSRP):

· Event A1 (Serving becomes better than threshold),
· Event A2 (Serving becomes worse than threshold),
· Event A4 (Neighbour becomes better than threshold),
· Event A6 (Neighbour becomes offset better than SCell),
· Event C1 (CSI-RS resource becomes better than threshold),
· Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource).
With the above, the applicable set of the requirements for the LAA measurements is summarized in Table 1 below.
Table 1. Measurement requirements applicability for LAA measurements

	
	RSRP
	RSRQ
	CSI-RSRP
	UE RSSI

	Intra-frequency, absolute
	N/A (Note2)
	N/A (Note2)
	N/A (Note2)
	N/A (Note2)

	Intra-frequency, relative
	N/A (Note2)
	N/A (Note2)
	N/A (Note2)
	N/A (Note6)

	Inter-frequency, absolute
	Yes (Note5)
	Yes (Note5)
	Yes (Note5)
	Yes (Note5)

	Inter-frequency, relative
	N/A (Note1)
	N/A (Note1)
	N/A (Note1)
	N/A (Note6)

	CA, absolute on PCC
	N/A (Note2)
	N/A (Note2)
	N/A (Note2)
	N/A (Note2)

	CA, absolute on SCC
	Yes (Note3)
	Yes (Note3)
	Yes (Note3)
	Yes (Note3)

	CA, relative to SCell on the same SCC
	Yes (Note3)
	Yes (Note3)
	Yes (Note3)
	N/A (Note6)

	CA, relative on PCC and SCC
	N/A
	N/A
	N/A
	N/A (Note6)

	CA, relative on SCC1 and SCC2
	Yes (Note4)
	Yes (Note4)
	Yes (Note4)
	N/A (Note6)

	Note1: events with respect to PCell are not defined.

Note2: PCC is a non-LAA carrier.

Note3: when SCC is an LAA carrier.

Note4: when both SCC1 and SCC2 are on LAA carriers.

Note5: when the inter-frequency is in the LAA spectrum.

Note6: no relative RSSI measurements will be supported.


· Proposal 1: No requirements shall be specified for measurements on the PCell serving carrier.
· Proposal 2: The set of RSSI requirements shall be further limited to inter-frequency and SCC-only measurements.

3 Requirements for UE RSSI Measurements
In RAN4#76bis, RAN4 has received a RAN1 LS [7], where one of the agreements on the UE RSSI measurements is:
· The measurement duration (averaging granularity) for a single UE-reported RSSI measurement instance should be indicated to the UE:

· Support a minimum duration of one OFDM symbol

· Support a maximum duration of 5ms 

· Potential higher-layer filtering of multiple UE-reported RSSI measurement instances (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4). 

According to the above LS, the measurement duration of RSSI is configurable via higher layers.

As of RSSI measurement accuracy, during the discussions on simulation assumptions in RAN4#76bis it was a common understanding that there is no need to conduct RSSI link-level simulations. Instead the requirements may potentially account for UE implementation and the RF margin. This is similar to what was done for the UTRA carrier RSSI measurements in TS 25.133. According to TS 25.133 the UTRA carrier RSSI absolute and relative measurement accuracies are defined as ±4 dB and ±7 dB respectively under normal conditions as reproduced in Annex A. However in UTRA carrier RSSI like in LTE until Rel-11, an RF margin of ±3 dB has been assumed. 

Assuming an RF margin of ±1.5 dB the E-UTRA RSSI measurement accuracies for LAA:

· under normal conditions are proposed as follows:

· Absolute accuracy of ±2.5 dB 

· under extreme conditions are proposed as follows:

· Absolute accuracy of ±5.5 dB
· Proposal 3: RSSI measurement accuracy requirements should be based on the UE implementation margin and RF margin of +/-1.5 dB. In normal conditions: ±2.5 dB; in extreme conditions: ±5.5 dB.
4 Measurement Requirements for RSRP/RSRQ
4.1 LBT impact

The time necessary to identify a new cell and report a measurement for that cell consists of the cell detection time based on PSS/SSS and the actual measurement time. With LAA, both are impacted by LBT in a way that the number of discovery signal occasions available may be reduced and thus the total measurement time may increase. To account for LBT, it is therefore proposed that both the detection time and the actual measurement time are increased by the time lost due to the unavailability of discovery signals. More specifically, this is captured in the below by introducing parameter K for non-DRX requirements and parameter N for DRX requirements, where:
· K is the number of configured discovery signal occasions which are not available for the measurements due to the absence of the necessary radio signals,

· N is the number of configured discovery signal occasions which occur during ON DURATION periods and which are not available for the measurements due to the absence of the necessary radio signals.
· Proposal 4: The LBT is accounted for by extending the time by the number of periods with not available discovery signals due to LBT.
4.2 Cell detection time with LAA

The number of DRS occasions for cell detection is currently being discussed, starting with the minimum of 1, which also depends on the signal levels. Some results are presented in [8].

It is possible that RAN4 may agree on a number which is lower than the current number in the specification, even if it will not be a single-shot detection. In the below, this number is denoted by M. 
Table 2. Number M of discovery signal occasions for cell detection (excluding the measurement time)

	
	M
	Rel-12
	Proposal for Rel-13 LAA

	Intra-frequency on SCC, no DRX
	Mintra
	12
	4

	Intra-frequency on SCC, common DRX
	Mintra,DRX
	16
	TBD

	Inter-frequency, no DRX
	Minter
	13
	5

	Inter-frequency, common DRX
	Minter,DRX
	17
	TBD

	CA with deactivated SCell, no DRX
	MCC
	13
	5

	CA with deactivated SCell, common DRX
	MCC,DRX
	17
	TBD


· Proposal 5: The baseline cell detection time for LAA is according to Table 2, which then needs to be further extended to account for LBT.
4.3 Actual measurement time
In Rel-12, the actual measurement period requirement is specified for different bandwidth: 6 RBs and 25 RBs, and it is 5 and 3 DMTC periods, respectively.

· Proposal 5: For Rel-13 LAA, reuse the Rel-12 measurement periods for 6 RBs and 25 RBs and add the time lost due to LBT.
4.4 Summary: RSRP/RSRQ measurement requirements

Below we summarize the proposed RSRP/RSRQ measurement requirements for Rel-13 LAA based on the principles described above.
· Proposal 6: RSRP/RSRQ measurement requirements for Rel-13 LAA are as below.

In the below, M-parameter is according to Table 2, and K and N are as defined in Section 4.1.
· Intra-frequency measurement requirements on SCC, no DRX:
Tidentify_intra_FS3 =( Mintra +K)* TDMTC_periodicity + TMeasurement_Period _intra_FS3_CRS
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period intra_FS3_CRS[ms]
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	(5+K) * TDMTC_periodicity
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25
	1
	(3+K) * TDMTC_periodicity


· Intra-frequency measurement requirements on SCC, with DRX:
Tidentify_intra_FS3_DRX =( Mintra,DRX +N)* Max { TDMTC_periodicity, DRX cycle length}+ TMeasurement_Period _intra_FS3 _CRS_DRX
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period intra_FS3_CRS_DRX [ms]
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· Inter-frequency measurement requirements, no DRX:
TIdentify_Inter_FS3 =( Minter +K) * Max {TDMTC_periodicity, MGRP}*Nfreq + TMeasurement_Period_inter_FS3_CRS 
	Measurement bandwidth[RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period inter_FS3_CRS [ms]
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	(5+K) *  Max{ TDMTC_periodicity, MGRP}*Nfreq
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· Inter-frequency measurement requirements, with DRX:
Tidentify_inter_FS3 DRX = (Minter,DRX +N) * Max { TDMTC_periodicity, DRX cycle length, MGRP} *Nfreq +TMeasurement_Period_inter_FS3_CRS_DRX 

	Measurement bandwidth[RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period inter_FS3_CRS_DRX [ms]
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	(5+N) *  Max{ TDMTC_periodicity, DRX cycle length,MGRP}*Nfreq
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	(3+N) *  Max{ TDMTC_periodicity, DRX cycle length,MGRP}*Nfreq


· CA measurement requirements with deactivated SCell, no DRX:
Tidentify_scc_CRS = (MCC+K) *measCycleSCell+ Tmeasure_scc_CRS.
	Measurement bandwidth[RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	Tmeasure_scc_CRS [ms]
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	(5+K)* measCycleSCell
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	(3+K)* measCycleSCell


· CA measurement requirements with deactivated SCell, with DRX:
Tidentify_scc_SCE_DRX = (MCC,DRX+N)*Max(measCycleSCell, DRX cycle length)+Tmeasure_scc_CRS_DRX.  

	Measurement bandwidth[RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	Tmeasure_scc_CRS_DRX [ms]

	
[image: image11.wmf]³

6
	1
	(5+N) *  Max{ measCycleSCell, DRX cycle length }
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	1
	(3+N) *  Max{ measCycleSCell, DRX cycle length }


5 Measurement Requirements for CSI-RSRP

The principles for defining the CSI-RSRP requirements is the same as described in Section 4 for RSRP/RSRQ measurements. The proposed CSI-RSRP measurement requirements are summarized below.
· Proposal 7: CSI-RSRP measurement requirements for Rel-13 LAA are as below.

· Intra-frequency measurement requirements, no DRX:

Tidentify_intra_TP_FS3 = Tidentify_intra_FS3 + TMeasurement_Period _intra_FS3_CSI-RS
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period _intra_FS3_CSI-RS [ms]

	≥ 6
	1
	(5+K)* TDMTC_periodicity 

	≥ 25
	1
	(3+K)* TDMTC_periodicity


· Intra-frequency measurement requirements, with DRX:

Tidentify_intra_TP_FS3_DRX = Tidentify_intra_FS3_DRX + TMeasurement_Period _intra_FS3_CSI-RS_DRX
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period intra_FS3_CSI-RS_DRX [ms]

	≥ 6
	1
	(5+N)*Max{TDMTC_periodicity, DRX cycle length}

	≥ 25
	1
	(3+N)*Max{TDMTC_periodicity, DRX cycle length}


· Inter-frequency measurement requirements, no DRX:

Tidentify_inter_TP_FS3 = Tidentify_Inter_FS3 + TMeasurement_Period _inter_FS3_CSI-RS
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period inter_FS3_ CSI-RS [ms]

	≥ 6
	≥1
	(5+K)*Max{TDMTC_periodicity, MGRP }*Nfreq

	≥ 25
	≥1
	(3+K)*Max{TDMTC_periodicity, MGRP }*Nfreq


· Inter-frequency measurement requirements, with DRX:

Tidentify_inter_TP_FS3_DRX = Tidentify_inter_FS3_DRX + TMeasurement_Period_inter_FS3_CSI-RS_DRX 
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period inter_FS3_ CSI-RS_DRX [ms]

	≥ 6
	1
	(5+N)*Max{TDMTC_periodicity, DRX cycle length, MGRP}*Nfreq

	≥ 25
	1
	(3+N)*Max{TDMTC_periodicity, DRX cycle length, MGRP}*Nfreq


· CA measurement requirements with deactivated SCell, no DRX:

Tidentify_scc_TP_SCE = Tidentify_scc_SCE + Tmeasure_scc_CSI-RS
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	Tmeasure_scc_CSI-RS [ms]

	≥ 6
	1
	(5+K)* measCycleSCell

	≥ 25
	1
	(3+K)* measCycleSCell


· CA measurement requirements with deactivated SCell, with DRX:

Tidentify_scc_TP_SC E_DRX = Tidentify_scc_SCE_DRX + Tmeasure_scc_CSI-RS_DRX
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	Tmeasure_scc_TP_SCE_DRX [ms]

	≥ 6
	1
	(5+N)* max {measCycleSCell, DRX cycle length }

	≥ 25
	1
	(3+N)* max {measCycleSCell, DRX cycle length }


6 Summary

· Proposal 1: No requirements shall be specified for measurements on the PCell serving carrier.
· Proposal 2: The set of RSSI requirements shall be further limited to inter-frequency and SCC-only measurements.

· Proposal 3: RSSI measurement accuracy requirements should be based on the UE implementation margin and RF margin of +/-1.5 dB. In normal conditions: ±2.5 dB; in extreme conditions: ±5.5 dB.
· Proposal 4: The LBT is accounted for by extending the time by the number of periods with not available discovery signals due to LBT.
· Proposal 5: The baseline cell detection time for LAA is according to Table 2, which then needs to be further extended to account for LBT.
· Proposal 6: RSRP/RSRQ measurement requirements for Rel-13 LAA are according to Section 4.

· Proposal 7: CSI-RSRP measurement requirements for Rel-13 LAA are according to Section 5.

Based on the proposals above, we provide draft CRs in [4], [5], and [6] for Sections 7, 8, and 9, respectively.
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Annex A: UTRA carrier RSSI in TS 25.133
9.1.3
UTRA Carrier RSSI

NOTE:
This measurement is for Inter-frequency handover evaluation.

The measurement period is equal to the measurement period for UE CPICH measurements, For CELL_DCH state the measurement period can be found in sub clause 8.1.2.2 for intra frequency measurements and in sub clause 8.1.2.3 for inter frequency measurements.
9.1.3.1
Absolute accuracy requirement
Table 9.10: UTRA Carrier RSSI Inter frequency absolute accuracy

	Parameter
	Accuracy [dB]
	Conditions

	
	Normal condition
	Extreme condition
	Operating bands
	Io [dBm/3,84MHz]

	
	
	
	
	Minimum Io 
	Maximum Io

	UTRA Carrier RSSI
	( 4
	( 7
	I, IV, VI, X, XI, XIX, XXI and XXXII
	-94
	-70

	
	
	
	II, V and VII
	-92
	-70

	
	
	
	XXV and XXVI
	-90.5

(Note 1)
	-70



	
	
	
	III, VIII, XII, XIII, XIV, XX and XXII
	-91
	-70

	
	
	
	IX
	-93
	-70

	
	( 6
	( 9
	Note 2
	-70
	-50

	NOTE 1:
The minimum condition is -92 dBm/3.84 MHz when the carrier frequency of the assigned UTRA channel is within 869-894 MHz for the UE which supports both Band V and Band XXVI operating frequencies.
NOTE 2:
The same bands apply for this requirement as for the corresponding highest accuracy requirement..


9.1.3.2
Relative accuracy requirement

The relative accuracy requirement is defined as the UTRA carrier RSSI measured from one frequency compared to the UTRA carrier RSSI measured from another frequency.
The accuracy requirements in table 9.11 are valid under the following condition:


| Channel 1_Io|dBm ‑Channel 2_Io|dBm | < 20 dB.

Table 9.11: UTRA Carrier RSSI Inter frequency relative accuracy

	Parameter
	Accuracy [dB]
	Conditions

	
	Normal condition
	Extreme condition
	UTRA Carrier RSSI is on Band
	Io [dBm/3,84 [MHz]

	
	
	
	
	Minimum Io 
	Maximum Io

	UTRA Carrier RSSI
	( 7
	( 11
	I, IV, VI, X, XI, XIX, XXI and XXXII
	-94
	-50

	
	
	
	II, V and VII
	-92
	-50

	
	
	
	XXV and XXVI
	-90.5

(Note 1)
	-50



	
	
	
	III, VIII, XII, XIII, XIV, XX and XXII
	-91
	-50

	
	
	
	IX
	-93
	-50

	NOTE 1:
The minimum condition is -92 dBm/3.84 MHz when the carrier frequency of the assigned UTRA channel is within 869-894 MHz for the UE which supports both Band V and Band XXVI operating frequencies.
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