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1 Side conditions
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4.1
	R4-145638
	Discussion
	System simulation results for DRS of small cell
	CATT

	7.9.4.1
	R4-145812
	Discussion
	System-level simulation results for RRM measurements for SCE
	ZTE

	7.9.4.1
	R4-145917
	Approval
	System level simulation results for small cell deployment
	NTT DoCoMo

	7.9.4.1
	R4-146004
	Approval
	Updated system level simulation on side conditions for SCE
	Huawei, HiSilicon

	7.9.4.1
	R4-146102
	Discussion
	System level simulation results for SCE
	Nokia Networks, Nokia

	7.9.4.1
	R4-146337
	Discussion
	System simulation results for RRM measurements based on discovery signal
	Ericsson

	7.9.4
	R4-146536
	Discussion
	Discussion on DRS interference condition based on SLS
	Intel

	7.9.4
	R4-146589
	Discussion
	Updated simulation results for SCE SINR side condition
	Samsung


Observation:

· Although the diversity on the side conditions is still observed, the majority companies seem to accept the following values for side conditions:
· Side condition for DRS measurement based on CRS: Es/Iot = -6dB;

· Side condition for DRS measurement based on CSI-RS:

· Option 1: Es/Iot = -3dB (CATT)

· Option 2: Es/Iot = -2dB (ZTE)

· Option 3: Es/Iot = 0dB (NTT DoCoMo, Nokia Network, Nokia, Ericsson);

· Option 4: Es/Iot = 2dB (Samsung, Huawei)

Agreements:

· Side condition for DRS measurement based on CRS:
· Es/Iot = -6dB

· Side condition for DRS measurement based on CSI-RS:

· Es/Iot = [0dB] 
2 Cell identification
2.1 Cell identification delay
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145797
	Discussion
	Simulation results of DRS based PSS/SSS acquisition and CSI-RS acquisition
	LG Electronics

	7.9.4
	R4-145808
	Discussion
	Simulation results for cell detection based on DRS
	ZTE

	7.9.4
	R4-145918
	Approval
	Performance evaluation results on PSS/SSS acquisition and CSI-RS acquisition
	NTT DoCoMo

	7.9.4
	R4-146005
	Discussion
	On PSS/SSS based cell identification and CRS based RSRP/RSRQ measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146009
	Discussion
	Updated link level simulation results for DRS based Cell/TP identification for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146340
	Discussion
	Link simulation results for cell identification (PCI)
	Ericsson

	7.9.4
	R4-146529
	Discussion
	Link level simulation results for SCE cell search based on PSS/SSS
	Intel

	7.9.4
	R4-146590
	Discussion
	Simulation results for cell identification based on CRS of DRS
	Samsung


Open issues:

· Cell identification delay:

· x value derived from the link level simulation (at Es/Iot = -6dB):
· x = 7 (Intel, LGE);
· x = 8 (ZTE);

· x= 5 (NTT DoCoMo, Ericsson, Huawei);

· Huawei: max(600ms, 5*DMTC periodicity)
· x = 6 (Ericsson, Samsung);

· Implementation margin: (1dB margin lower is considered)
· y = 4 (ZTE)

Tentative Agreements:
· Cell identification delay: (maximum values of companies’ results under EPATest1 Case 1~4 Es/Iot=-6dB)
· (x+y) *DMTC periodicity
· x = 8 (number of DRS occasions)
· Implementation margin y = 4 (number of DRS occasions)
· DMTC periodicity = {40ms, 80ms, 160ms}

2.2 RSRP measurement period
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145798
	Discussion
	Simulation results of DRS based RSRP measurement accuracy
	LG Electronics

	7.9.4 
	R4-145810
	Discussion
	Discussion on CRS RSRP measurement accuracy for SCE
	ZTE

	7.9.4
	R4-145919
	Approval
	Performance evaluation results on DRS based RSRP measurement
	NTT DoCoMo

	7.9.4
	R4-146005
	Discussion
	On PSS/SSS based cell identification and CRS based RSRP/RSRQ measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146006
	Discussion
	Updated link level simulation results on CRS-based RSRP/RSRQ measurement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146073
	Discussion
	Simulation results for CRS based RSRP measurement
	Samsung

	7.9.4
	R4-146338
	Discussion
	Link simulation results for CRS based RSRP accuracy
	Ericsson

	7.9.4
	R4-146528
	Discussion
	Link level simulation results on CRS based RSRP measurement
	Intel


Open issues:

· CRS based RSRP measurement time assuming keeping the existing Rel-8 CRS based RSRP measurement accuracy unchanged:

· The separate measurement time should be defined for different bandwidths: 
· Option 1: Es/Iot (SINR) = -6dB (LGE: maximum value across different channel models) 
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	25PRB
	5

	50PRB
	5


· Option 2: 480ms = 3 samples×160ms for all bandwidths when Es/Iot (SINR) = -6dB (Intel)
· Option 3: Es/Iot (SINR) = -6dB, (Samsung)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	15PRB
	2

	25PRB
	1

	50PRB
	1


· Option 4: Es/Iot (SINR) = -6dB (Huawei, HiSilicon, ZTE)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	15PRB
	3

	25PRB
	3

	50PRB
	1


· Option 5: Es/Iot (SINR) = -6dB (NTT DoCoMo)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	>6PRB
	3


· Option 6: Es/Iot = -6dB (Ericsson)

	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	25PRB
	1

	50PRB
	1


· How can we get the requirement values:

· Option 1: If taking the maximum number across Option 1~5 for all measurement bandwidths, then the RSRP measurement time should be 5 samples for all bandwidths.
· Option 2: Take the value according to results of majority companies simulation results.
Agreements:
· CRS based RSRP measurement assuming keeping the Rel-8 RSRP measurement accuracy unchanged when Es/Iot≥-6dB
· CRS based RRM measurement time:
	Measurement BWs
	Number of DRS occasions (i×160ms)

	≥6PRB
	5

	≥25PRB
	3


2.3 Way forward and CR for Cell identification
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146008
	CR
	Introducing PSS/SSS based cell identification and CRS based RSRP/RSRQ measurement requirement for SCE into TS36.133
	Huawei, HiSilicon

	7.9.4
	R4-146013
	Approval
	Way forward on CSI-RS based TP identification and CSI-RS based RSRP measurement requirement for SCE
	Huawei, HiSilicon


3 TP identification and CSI-RS based RSRP measurement
3.1 How to specify TP identification requirements
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145918
	Approval
	Performance evaluation results on PSS/SSS acquisition and CSI-RS acquisition
	NTT DoCoMo

	7.9.4
	R4-146010
	Discussion
	On CSI-RS based TP identification and CSI-RS based RSRP measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146100
	Discussion
	On the need for requirement on CSI-RS detection delay
	Nokia Networks, Nokia Corporation


Open issues:

· Should we separately consider TP acquisition delay plus CSI-RS RSRP measurement time as “TP identification” time?
· No, because:
· TP information has been informed to UE and UE can assume that the TP informed exists; 
· No TP detection according to 1% false alarm rate is needed.

· UE can directly do CSI-RS based RSRP measurement and then judge whether the measured RSRP is qualified
· Less samples is needed compared to detection procedure.

· Only CSI-RS RSRP measurement time should be taken into account for “TP identification”.

Agreements:

·  Define TP identification time requirement:
· Time_TP identification = Time of PSS/SSS acquisition delay + Time of CRS RSRP measurement +Time of CSI-RS RSRP measurement;
· Samsung had concern on the define Time although they can accept it as compromise.
· Define requirement for time of CSI-RS RSRP measurement

· Replace samples by number of DRS occasions.
3.2 TP identification delay
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145797
	Discussion
	Simulation results of DRS based PSS/SSS acquisition and CSI-RS acquisition
	LG Electronics

	7.9.4
	R4-145798
	Discussion
	Simulation results of DRS based RSRP measurement accuracy
	LG Electronics

	7.9.4
	R4-145809
	Discussion
	Simulation results for TP identification based on DRS
	ZTE

	7.9.4
	R4-146009
	Discussion
	Updated link level simulation results for DRS based Cell/TP identification for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146071
	Discussion
	Simulation results for TP identification based on CSI-RS
	Samsung


3.3 CSI-RS based RSRP measurement
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145798
	Discussion
	Simulation results of DRS based RSRP measurement accuracy
	LG Electronics

	7.9.4
	R4-145811
	Discussion
	Discussion on CSI-RS RSRP measurement accuracy for SCE
	ZTE

	7.9.4
	R4-145919
	Approval
	Performance evaluation results on DRS based RSRP measurement
	NTT DoCoMo

	7.9.4
	R4-146007
	Discussion
	Updated link level simulation results on CSI-RS based RSRP measurement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146339
	Discussion
	Link simulation results for CSI-RS based RSRP
	Ericsson

	7.9.4
	R4-146072
	Discussion
	Simulation results for CSI-RS based RSRP measurement
	Samsung


Open issues:

· Accuracy requirements for CSI-RS based RSRP measurement

· Keep the same accuracy requirement as for CRS RSRP in Rel-8.
· CSI-RS resource:

· 2REs/RB configuration
· Measurement time for different bandwidths:

· The separate measurement time should be defined for different bandwidths: 

· Option 1: CSI-RS SINR = -2dB and 0dB (NTT DoCoMo) 

· Propose that the minimum measurement bandwidth for CSI-RS should be 15RBs

	Measurement BWs
	Samples (i×160ms)

	6PRB
	>5

	15PRB
	5

	≥25PRB
	3


· Option 2: (Samsung)

	CSI-RS SINR[dB]
	2 REs per DRS occasion (baseline)

	
	6RB
	15RB
	25RB
	50RB

	-2
	4
	2
	2
	1

	0
	3
	2
	1
	1

	2
	3
	2
	1
	1


· Option 3: CSI-RS SINR = ? ( ZTE)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	15PRB
	5

	25PRB
	3

	50PRB
	1


· Option 4: CSI-RS SINR = -4dB ~3dB (LGE)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	25RB
	5

	50RB
	5


· Option 5: CSI-RS SINR = 0dB (Ericsson)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	5

	25RB
	1

	50RB
	1


· Option 6: CSI-RS SINR = 2dB (Huawei)
	Measurement BWs
	Samples (i×160ms)

	6PRB
	3

	15RB
	2

	25RB
	1

	50RB
	1


· How can we get the requirement values:
· Option 1: If taking the maximum number across Option 1~4 for all measurement bandwidths, then the RSRP measurement time should be 5 samples for all bandwidths.

· Option 2: Take the values according the results from majority companies.

Tentative Agreements:
· When defining the CSI-RS based RSRP measurement period, we shall assume keeping the Rel-8 RSRP measurement accuracy unchanged when CSI-RS RE SINR ≥ [0]dB
· CSI-RS resource:

· 2REs/RB configuration
· Requirement of CSI RS based measurement period:
	Measurement BWs
	Number of DRS occasions (i×160ms)

	≥6PRB
	5

	≥25PRB
	3


3.4 Way forward and CR for TP identification
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146011
	CR
	Introducing CSI-RS based TP identification and RSRP measurement requirement for SCE into TS36.133
	Huawei, HiSilicon

	7.9.4
	R4-146013
	Approval
	Way forward on CSI-RS based TP identification and CSI-RS based RSRP measurement requirement for SCE
	Huawei, HiSilicon


4 Issues to specify the SCE RRM core requirements
4.1 Number of simultaneous detected Cells

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146341
	Discussion
	DRS based TP identification
	Ericsson

	7.9.4
	R4-146005
	Discussion
	On PSS/SSS based cell identification and CRS based RSRP/RSRQ measurement requirement for SCE
	Huawei, HiSilicon


Proposals from companies:

· Huawei (R4-146005):
· Proposal 7: UE shall be capable of performing CRS based measurement for [3] identified cells for intra-frequency case.
· Ericsson (R4-146341):
· UE shall report CSI-RS RSRP for at least 3 TPs provided they satisfy side conditions of Es/Iot=0dB.
Open issues:

· The number of Cells for which UE should perform CRS based measurement:

· 3 cells 
· The number of TPs for which UE shall report CSI-RS RSRP:
· ≥3 TPs which satisfies the side condition of Es/Iot=0dB
· Can we capture the agreed value by adding a square brackets.

No agreement was reached during the ad hoc.
4.2 Requirements with DRX
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145919
	Approval
	Performance evaluation results on DRS based RSRP measurement
	NTT DoCoMo

	7.9.4
	R4-146005
	Discussion
	On PSS/SSS based cell identification and CRS based RSRP/RSRQ measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146010
	Discussion
	On CSI-RS based TP identification and CSI-RS based RSRP measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146013
	Approval
	Way forward on CSI-RS based TP identification and CSI-RS based RSRP measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146342
	Discussion
	Inter-frequency measurement and identification requirements for DRS
	Ericsson


Open issues:

· Can we agree that for intra-frequency requirements:

· Intra-frequency cell identification requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
· Intra-frequency CRS based requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
No discussion due to lack of time

4.3 Inter-frequency requirements
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-145919
	Approval
	Performance evaluation results on DRS based RSRP measurement
	NTT DoCoMo

	7.9.4
	R4-146005
	Discussion
	On PSS/SSS based cell identification and CRS based RSRP/RSRQ measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146010
	Discussion
	On CSI-RS based TP identification and CSI-RS based RSRP measurement requirement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146342
	Discussion
	Inter-frequency measurement and identification requirements for DRS
	Ericsson


Open issues:

· For inter –frequency RRM measurement,
· Without DTX:

· DTX requirements should be defined in the way:
· Inter-frequency cell identification requirements for SCE when no DRX is used could be derived from intra-frequency case without simulation, in which the available measurement time shall be maintained as intra-frequency case.
· Inter-frequency CRS based measurement requirements without DRX cases for SCE could be categorized according different CRS bandwidth.
· How many samples are available for inter-frequency RRM measurement?

· N=1, since in the last meeting we agree to define inter-frequency requirements according to intra-frequency results without re-run simulation.

· With DTX:
· DTX requirements should be defined in the way:

· Inter-frequency cell identification requirements for SCE when DRX is used could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle Proposal 5: intra-frequency CRS based RSRP requirements without DRX cases for SCE could be categorized according different CRS bandwidth.
· Inter-frequency CRS based measurement requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
· How many samples are available for inter-frequency RRM measurement?

· N=1, since in the last meeting we agree to define inter-frequency requirements according to intra-frequency results without re-run simulation.

No discussion due to lack of time

4.4 LS on deactivated Scell measurement for SCE
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146014
	Discussion
	Discussion on  deactivated Scell measurement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146015
	LS Out
	Reply LS to RAN2 on deactivated Scell measurement for SCE
	Huawei, HiSilicon

	7.9.4
	R4-146447
	Discussion
	Discussion paper addressing the incoming LS from RAN2 on SCE on/off
	Nokia Corporation, Nokia Networks


Proposals from companies:

· Huawei (R4-146014):
· Proposal 1: It is comparable for the legacy CRS based measurement results and CRS based DRS measurements results.

· Proposal 2: The measurement period when DRS measurement is configured on a carrier frequency on which an SCell is deactivated is max(5 measCycleSCell, TMeasurement_Period intra_FDD_CRS) where TMeasurement_Period intra_FDD_CRS is the measurement period for DRS.

· Proposal 3: In case DRS measurement is configured on a carrier frequency on which an SCell is configured, MeasCycleSCell (if configured) still is applicable if SCell is deactivated.
· Nokia (R4-146447):
· We expect that the CRS measurements could be comparable provided the same amount of measurement samples are used. Additionally we believe that the use measCycleScell should also apply for a deactivated on/off SCell independent of whether this cell is in on or off state.
Open issues:

· Relay to RAN2 LS:
· In case DRS measurement is configured on a carrier frequency on which an SCell is configured, would MeasCycleSCell (if configured) still be applicable if SCell is deactivated?
· RAN4 Reply: MeasCycleSCell (if configured) still is applicable if SCell is deactivated.
No discussion due to lack of time

4.5 LS on AGC
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146016
	Discussion
	Discussion on  the SSS position within DRS
	Huawei, HiSilicon

	7.9.4
	R4-146017
	LS out
	Reply LS on the structure of the discovery reference signal for small cell discovery
	Huawei, HiSilicon

	7.9.4
	R4-146200
	Discussion
	AGC issues for measurement on discovery reference signal
	Ericsson

	7.9.4
	R4-146201
	LS out
	LS response on the structure of the discovery reference signal for small cell discovery
	Ericsson


Proposals from companies:

· Huawei (R4-146016):
· Proposal 1: At least one additional DMTC time should be included in the total inter-frequency cell identification time.
· Ericsson (R4-146201):
· The cell detection time will increase by one DRS period due to that the proper gain setting will have to be determined before cell search can be carried out, but otherwise there is no impact other than already seen e.g. from legacy measurements in measurement gaps.
Open issues:

· Relay to RAN1 LS:

· Option 1: Having SSS in the first subframe of a DRS occasion requires the cell detection time increased by one DRS period due to that the proper gain setting will have to be determined before cell search can be carried out, but otherwise there is no impact other than already seen e.g. from legacy measurements in measurement gaps.
· Option 2: If SSS is located in the first subframe of a DRS occasion the UE will use at least one DMTC opportunity to adjust the AGC loop which will lead to at least one additional DMTC time will be included in the total inter-frequency cell identification delay. This additional time will be considered when RAN4 specify the inter-frequency cell identification delay requirements.
Agreements:

LS R4-146017 has been agreed in the main session.
4.6 LS from RAN2 on inter-frequency legacy RRM measurement
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146793
	LS in
	Reply LS on DRS based measurements
	RAN2


4.7 Specification structure

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146070
	Discussion
	Overview on DRS based RRM requirements
	Samsung

	7.9.4
	R4-146343
	Discussion
	Proposal for DRS requirements in 36.133
	Ericsson

	7.9.4
	R4-146344
	CR
	CR on RRM requirements for DRS
	Ericsson


Proposals from companies:

· Ericsson (R4-146343):

· E-UTRAN intra-frequency DRS measurement: 8.1.2.10
· FDD Intra-frequency measurement
· Cell identification delay based on CRS
· TP identification delay based on CSI-RS
· TDD Intra-frequency measurement

· Cell identification delay based on CRS

· TP identification delay based on CSI-RS

· Measurement performance requirements

· Intra-frequency RSRP accuracy requirements: 9.1.13

· RSRP accuracy requirements based on CRS for different measurement bandwidths and different measurement period, and number of  DRS subframes per occasion (similar to table in 9.1.10)

· RSRP accuracy requirements based on CSI-RS for different measurement bandwidths and different measurement period and number of  DRS subframes per occasion (similar to table in 9.1.10) 
· Intra-frequency RSRQ accuracy requirements: 9.1.14
No discussion due to lack of time

4.8 Time synchronization assumption 
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.9.4
	R4-146112
	Discussion
	Time synchronization assumption in Small cell RRM
	NVIDIA


Proposals from companies:

· NVIDIA (R4-146112):
· Proposal: 
RRM requirements for Release-12 Small cell enhancements should be developed under the assumption of synchronous network deployment. The level of timing synchronization should be derived from carrier aggregation scenarios.

This Tdoc was treated in the main meeting.

5 Annex: summary of proposals from companies

5.1 Side condition

Proposals from companies:

· ZTE (R4-145812):

· Not that reasonable to define a value just based on a specific configuration. In order to specify a general requirement the trade-offs between these factors should be considered. …It would be better for the UE to be able to measure the top three LPNs. It means SINR side conditions need to be determined based on SINR level of the 3rd strongest cells. However the SINR level for the 3rd strongest cells is quite low. In our view the existing side condition Es/Iot = -6dB can be reused for at least detection of 2nd strongest cell.
· Proposal 1: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [-2dB] on CSI-RS REs for CSI-RS based measurement.

· NTT DoCoMo (R4-145917):

· Proposal 1: For CRS-based small cell measurement, the current side condition requirement, i.e., -6 dB SINR should be reused.
· Proposal 2: For CSI-RS-based small cell measurement, the relaxed side condition, e.g., 0 dB SINR, should be applied in the requirement.
· Samsung (R4-146589):

· Observation 1: CRS and CSI-RS based SINR side conditions are -6dB and 2dB respectively.
· Nokia Networks, Nokia Corporation (R4-146102):

· Observation 1: In the concerned scenario, the SINR condition for CRS REs is worse than in Rel-8.
· Observation 2: In the concerned scenario, the SINR condition for CSI-RS REs is much better than in Rel-8.
· Proposal: Side condition for CRS related requirements is -6dB. Side condition for CSI-RS related requirements is 0dB.
· Ericsson (R4-146337):

· The side condition for DRS measurement based on CRS should be around -6dB;

· The side condition for DRS measurement based on CSI-RS should be around 0dB.

· CATT (R4-145638)

· Proposal: Based on new simulation assumption, if we used about the point 5% CDF of second stronger cell, it is seemly that the side condition for PSS/SSS/CRS of DRS is defined to -6dB, and the side condition for CSI-RS in DRS is defined to -3dB.
· Intel (R4-146536):

· As a result, the setup for CRS and CSI-RS without muting is proposed as

· Two LPN based network is considered 

· The first LPN: Es/Noc = 4.8dB;

· The second LPN: Es/Noc = -3dB.

· As a result, the setup for CRS and CSI-RS with muting is proposed as

· Three LPN based network with CSI-RS muting is considered. No CSI-RS colliding is assumed.

· The first LPN: Es/Noc=5dB

· The second LPN: Es/Noc=0dB

· The third LPN: Es/Noc=-3dB
5.2 Cell identification 
5.2.1 Cell identification delay
Proposals from companies:

· Intel (R4-146529):

· Observation 1: when the side condition less than -6dB, especially under AWGN propagation the PSS/SSS acquisition time will be degraded significantly. It is hard to meet the current requirements (600ms). However regarding to the baseline of side conditions for SCE CRS-based RSRP measurement was agreed to be -6dB, only the specific test cases with -6dB side condition can be considered to define the new SCE PSS/SSS acquisition time requirements.

· Observation 2: The different DRS periodicity will impact PSS/SSS acquisition time requirements significantly. As a result it is really necessary to specify the different requirements depending on DRS periodicity configuration.

· Observation 3: Based on the simulation results above, the maximum PSS/SSS acquisition time is about [7]*DRS periodicity for test cases simulated with the side condition of Es/Iot = [-6dB].

· Proposal: For SCE cell identification, the requirements can be defined as [7+y]*DRS periodicity with the side condition of Es/Iot = [-6dB]. And the implementation margin “y” is FFS.

· LGE (R4-145797):

· Proposal 1: For PSS/SSS acquisition, we propose to consider the times of DRS periodicity in Table 8 as minimum times.
Table 8. Recommended 90%-ile PSS/SSS acquisition time(x : times of DRS periodicity)
	DRS_Periodicity*x
	Max(AWGN,EPA5,ETU30)

	
	Es/Noc(dB)
	-0.75
	0.25
	1.25

	Max(case1,

case2,

case3,

case4)
	40ms
	20
	10
	7

	
	80ms
	21
	10
	6

	
	160ms
	15
	10
	6


· NTT DoCoMo (R4-145918):

· Proposal 1: The delay requirement for PSS/SSS acquisition in the context of DRS based RRM measurement should be [5+y]*DMTC periodicity.
· Ericsson (R4-146340):
· It was observed that in most cases up to 5-6 DRS occasions are needed in order to achieve cell detection probability of 90%.
· However, here we assume that the UE has perfect knowledge of the timing of cell. RAN4 needs to discuss and find out the cell identification delay considering uncertainty in cell timing, including the uncertainty due to time offset between cells, channel multipath and propagation delay in small cell.
· ZTE (R4-145808):

· Proposal: PSS/SSS acquisition time for SCE is [x+y]*DRS periodicity, where x=8, y=4.
· Samsung (R4-146590):

· Observation 1: Different lengths of DRS periodicity have almost no impact on cell identification performance, i.e., the number of DRS periodicity for PSS/SSS acquisition.
· Observation 2: UE can detect PSS/SSS within x=6 DRS periodicities.
· Huawei, HiSilicon (R4-146005, R4-146009):

· Proposal 1: For PSS/SSS acquisition, the requirements could be defined as: max(600ms, 5*DMTC periodicity)

· When short DMTC periodicity, i.e., 5*DMTC periodicity ≤ 600ms, is applied:

· The legacy cell identification latency, i.e. 600ms, could be used to define cell identification requirement for SCE.

· When long DMTC periodicity, i.e., 5*DMTC periodicity> 600ms, is applied:

· -5*DMTC periodicity could be used to define cell identification requirement for SCE.
5.2.2 RSRP measurement period
Proposals from companies:

· LGE (R4-145798):

Table 7. Minimum times of CRS based measurement period at SNR of -6dB and -3dB
	SNR of -6dB and -3dB
	i*160ms(i)

	
	6RB
	25RB
	50RB

	AWGN
	1
	1
	1

	EPA5
	>5
	5
	5

	ETU30
	5
	3
	1


· Proposal 1: For CRS based RSRP measurement accuracy, we propose to consider the minimum times of measurement period in Table 7 for each measurement bandwidth of 6RB, 25RB and 50RB.
· Intel (R4-146528):

· Observation 1: Increasing the measurement bandwidth can noticeably improve the RSRP measurement performance.

· Observation 2: If there is only 1 measurement sample per a DRS occasion, longer measurement period can improve RSRP measurement performance.

· Observation 3: Under AWGN, with different measurement bandwidth (6RB, 25RB and 50RB) and measurement period (160ms, 3x160ms and 5x160ms), both CRS based absolute and relative RSRP measurement accuracy can satisfy current requirements in [4].

· Observation 4: Under the fading channel, e.g., ETU, if more than 3dB RF implementation margin are considered, the CRS based absolute RSRP measurement accuracy with 6RB measurement bandwidth and 160ms measurement periodicity is hard to satisfy the current requirement.

· Proposal 1: To simply RAN4 testing, the current RSRP requirement in [4] can be reused for SCE CRS based RSRP measurement assuming 480ms measurement period with 3 measurement samples.

· Samsung (R4-146073):

· Observation 1: With same measurement samples, measurement periodicity has no obvious effect on CRS based RSRP measurement accuracy.

· Observation 2: CRS based RSRP measurement accuracy are strongly depending on SNR condition, number samples and measurement bandwidths. Increased number of samples or extending measurement bandwidth is helpful for improving CRS based on RSRP measurement accuracy.

· Observation3: For CRS RSRP measurement, in order to fulfil Rel.8 performance requirements, the number of samples needed for each combination of SNR point and measurement BW were summarized in table 3.
Table3: Number of samples needed to achieve similar performance as Rel.8

	SNR[dB]
	Measurement BWs

	
	6RB
	15RB
	25RB
	50RB

	-8
	>5
	3
	2
	1

	-6
	5
	2
	1
	1


· Ericsson (R4-146338): 

· Observation 1: The results show that at SNR=6dB which is the side condition from the system simulations, RSRP measurement based on one subframe and with 6PRB, does not satisfy the accuracy requirements for Release 8. Increasing the measurement bandwidth from 6PRB to 25RPB or 50PRB not only satisfies the release 8 requirements for the same side conditions, but also meet those requirements for lower SNR values down to -8dB or -10dB.

· ZTE (R4-145810): 

· Proposal 1: reuse legacy CRS based RSRP measurement accuracy requirements.

· Proposal 2: For measurement period of CRS based RSRP measurement, define different requirements for different measurement bandwidth. For 6RB measurement bandwidth, measurement period is 5*DRS periodicity. For 15PRB/25PRB measurement bandwidth, measurement period is 3*DRS periodicity. For 50PRB measurement bandwidth, measurement period is 1*DRS periodicity.

· NTT DoCoMo (R4-145919): 

· Observation 1: CRS with 6 RBs requires i = 5 measurement samples for -6 dB SINR condition in ETU channel to achieve the current measurement accuracy requirement with 3 dB implementation margin.

· Observation 2: CRS with 15/25/50 RBs requires i = 3 measurement samples for -6 dB SINR condition in ETU channel, and i = 1 measurement sample in other channels to achieve the current measurement accuracy requirement with 3 dB implementation margin.
· Proposal 1: The delay requirement for CRS-based and CSI-RS-based RSRP measurement in the context of DRS based RRM measurement should be specified as follows.
· For cases of CRS-based RSRP measurement with 6 RBs measurement bandwidth, the delay requirement should be based on 5*DRS periodicity.
· For cases of CRS-based RSRP measurement with more than 6 RBs measurement bandwidth, the delay requirement should be based on 3*DRS periodicity.
· For cases of CSI-RS-based RSRP measurement with 15 RBs measurement bandwidth, the delay requirement should be based on 5*DRS periodicity.
· For cases of CSI-RS-based RSRP measurement with more than 15 RBs measurement bandwidth, the delay requirement should be based on 3*DRS periodicity.
· Huawei, HiSilicon (R4-146006): 

· When measurement bandwidth is 6RBs, the measurement period is 800ms (i.e., 5 sample) or larger and side condition is ≥ -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

· When measurement bandwidth is 15RBs, the measurement period is 480ms (i.e., 3 sample) or larger and side condition is≥ -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

· When measurement bandwidth is 25RBs, the measurement period is 480ms (i.e., 3 sample) or larger and side condition is ≥ -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

· When measurement bandwidth is 50RBs, the measurement period is 160ms (i.e., 1 sample) or larger and side condition is ≥ -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

5.2.3 Way forward and CR for Cell identification
N/A
5.3 TP identification and CSI-RS based RSRP measurement

5.3.1 How to specify TP identification requirements

Proposals from companies:

· NTT DoCoMo (R4-145918):

· RAN1 sent the reply LS to RAN4 … the neighbour TP list including all required information for CSI-RS measurement are informed for the UE… This means that the UE can measure CSI-RS based RSRP of informed TPs without acquisition procedure.
· RAN4 needs to discuss further on how to capture above in the specification.
· Nokia Networks, Nokia Corporation (R4-146100):

· Proposal: RAN4 need to consider whether requirements on CSI-RS detection delay are needed.
· Huawei, HiSilicon (R4-146010)

· Proposal 1: TP identification is not necessary to be defined.
5.3.2 TP identification delay
Proposals from companies:

· LGE (R4-145797):

· Proposal 2: For CSI-RS acquisition, we propose to consider the times of DRS periodicity in Table 10 for each measurement bandwidth of 6RB, 15RB, 25RB and 50RB as minimum times.

Table 10: Recommended 90%-ile CSI-RS acquisition time(x : times of DRS periodicity)
	DRS_Periodicity*x
	Max(AWGN,EPA5,ETU30)

	
	Es/Noc(dB)
	-2
	0

	6RB
	40ms
	15
	7

	
	80ms
	16
	6

	
	160ms
	17
	5

	15RB
	40ms
	7
	4

	
	80ms
	5
	3

	
	160ms
	5
	3

	25RB
	40ms
	4
	2

	
	80ms
	3
	2

	
	160ms
	3
	2

	50RB
	40ms
	2
	1

	
	80ms
	2
	1

	
	160ms
	2
	1


· Samsung (R4-146071):

· Observation 1: CSI-RS acquisition performance is strongly depending on number of DRS samples i.e., number of DRS samples needed for CSI-RS acquisition is the same for different DRS periodicity options, i.e., 160ms, 80ms, 40ms.

· Observation 2: With extending measurement bandwidth upper to 15RB, CSI-RS acquisition delay is significantly decreased. On the other hand, when measurement bandwidth is over 15RB, performance improvement is marginal with extending measurement bandwidths i.e. 25RB and 50RB.

· Observation 3: CSI-RS acquisition time delay and number CSI-RS samples (assuming DRS periodicity 160ms) needed for different bandwidths and SNR points were summarized in Table below.

Table 4: Number of samples and TP identification time delay required to achieve 90% probability of correct CSI-RS acquisition

	SNR[dB]
	160ms DRS periodicity

	
	6RB
	15RB
	25RB
	50RB

	-2
	8(1280ms)
	3(480ms)
	2(320ms)
	1(160ms)

	0
	6(960ms)
	2(320ms)
	2(320ms)
	1(160ms)

	2
	4(640ms)
	2(320ms)
	1(320ms)
	1(160ms)


· Observation 4: At typical operating SNR point for CSI-RS which derived from system simulation in [5], i.e., SNR=2dB, number of DRS samples required for measurement BW 6RB, 25RB and 50RB are 4, 2, 1, 1 separately.

· ZTE (R4-145809):

· Observation 1: The TP identification delay requirement, i.e. successful CSI-RS acquisition time depends on number of RBs for CSI-RS. For 6RB case a large number of samples are needed to identify CSI-RS, but for 50RB case, less than 3 samples are needed.

· Huawei (R4-146009):

Table 5. The 90%-ile CSI-RS acquisition time for TP identification with SNR=2dB

	Channel
	DMTC Periodicity
	CSI-RS acquisition time 

(N*DMTC Periodicity)

	
	
	  6RBs
	15RBs
	25RBs
	50RBs

	AWGN
	40ms
	1
	1
	1
	1

	
	80ms
	1
	1
	1
	1

	
	160ms
	1
	1
	1
	1

	EPA5
	40ms
	3
	1
	1
	1

	
	80ms
	2
	1
	1
	1

	
	160ms
	2
	1
	1
	1

	ETU30
	40ms
	9
	2
	1
	1

	
	80ms
	9
	2
	1
	1

	
	160ms
	9
	2
	1
	1


5.3.3 CSI-RS based RSRP measurement
Proposals from companies:

· NTT DoCoMo (R4-145919):

· Observation 3: CSI-RS 2 REs/PRB with 6 RBs requires more than 5 measurement samples for -2 and 0 dB SINR conditions in ETU channel to achieve the current measurement accuracy requirement with 3 dB implementation margin.
· Observation 4: CSI-RS 2 REs/PRB with 15 RBs requires i = 5 measurement samples for -2 and 0 dB SINR conditions in ETU channel, and i = 1 measurement sample in other channels to achieve the current measurement accuracy requirement with 3 dB implementation margin.

· Observation 5: CSI-RS 2 REs/PRB with 25/50 RBs requires i = 3 measurement samples for -2 and 0 dB SINR conditions in ETU channel, and i = 1 measurement sample in other channels to achieve the current measurement accuracy requirement with 3 dB implementation margin.
· Proposal 2: The minimum measurement bandwidth for the CSI-RS based RSRP measurement should be 15 RBs.

· Samsung (R4-146072):

· Observation1: With same measurement samples, measurement period has no obvious effect on CSI-RS based RSRP measurment accuracy
· Observation2: CSI-RS based RSRP measurment accuracy are strongly depending on SNR condition, number of samples and measurment bandwidths. 
· Observation3: For CSI-RS RSRP measurement, in order to fulfil Rel.8 performance requirements, the number of samples needed for each combination of SNR point and measurement BW were summarized in table 3.
Table 3: Number of samples needed to achieve similar performance as Rel.8

	SNR[dB]
	2 REs per DRS occasion (baseline)

	
	6RB
	15RB
	25RB
	50RB

	-2
	4
	2
	2
	1

	0
	3
	2
	1
	1

	2
	3
	2
	1
	1


· Ericsson (R4-146339):

· The results show that at SNR=0dB which is the side condition derived from system simulations, RSRP measurement based on CSI-RS and 6RB cannot satisfy Rel-8 requirements. However increasing the measurement period, measurement bandwidth, or number of CSI-RS resources can improve the measurement accuracy and the error is less than 4dB.
· ZTE (R4-145811):

· Proposal 1: CSI-RS configuration of 2REs/RB is used to define requirements.

· Proposal 2: For measurement period of CSI-RS based RSRP measurement under 2REs/RB configuration, for 6RB/15RB measurement bandwidth, measurement period is 5*DRS periodicity. For 25RB measurement bandwidth, measurement period is 3*DRS periodicity. For 50RB measurement bandwidth, measurement period is 1*DRS periodicity.
· LGE (R4-145798):

Table 11. Minimum times of CSI-RS based measurement period with recommended absolute and relative measurement accuracy

	
	i*160ms(i)

	Meas.BW
	6RB
	25RB
	50RB

	SNR
	-4dB
	-3dB
	0dB
	3dB
	-4dB
	-3dB
	0dB
	3dB
	-4dB
	-3dB
	0dB
	3dB

	Recommended A-RSRP accuracy(dB) 
	8
	8
	7
	7
	7
	7
	6
	6
	6
	6
	6
	6

	Recommended R-RSRP accuracy(dB)
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	AWGN
	3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	EPA5
	5
	3
	5
	5
	3
	3
	5
	5
	5
	5
	5
	5

	ETU30
	5
	3
	5
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Max(AWGN,EPA5,ETU30)
	5
	3
	5
	5
	3
	3
	5
	5
	5
	5
	5
	5


· Proposal 2: For CSI-RS based RSRP measurement accuracy, we propose to consider the absolute RSRP measurement accuracy and the minimum times of measurement period in Table 11 for each measurement bandwidth of 6RB, 25RB  and 50RB.
· Huawei, HiSilicon (R4-146007):
· When measurement bandwidth is 6RBs, the measurement period is 480ms (i.e., 3 sample), and side condition is 2dB, the legacy RSRP absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 15RBs, the measurement period is 160 (i.e., 1 sample), and side condition is 2dB, the legacy RSRP absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 25RBs, the measurement period is 160ms (i.e., 1 sample), and side condition is 2dB, the legacy RSRP absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 50RBs, the measurement period is 160ms (i.e., 1 sample), and side condition is 2dB, the legacy RSRP absolute accuracy and relative accuracy could be satisfied.
5.3.4 Way forward and CR for TP identification
N/A
5.4 Issues to specify the SCE RRM core requirements
5.4.1 Number of simultaneous detected Cells
Proposals from companies:







