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1 RRM requirements
1.1 Cell discovery procedure
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-145238
	Discussion
	Cell discovery procedures
	Qualcomm Incorporated


Open issues:
· Qualcomm: 
· It was highlighted that CSI-RS based TP detection has several challenges. Since all the details about DRS design and use of CSI-RS for DRS are not yet finalized, RAN4 should wait for RAN1 to finalize the design before proceeding with this work.
Status:
· The paper has been handled in the main session and noted.

1.2 System simulation and side conditions for DRS based measurement requirements
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144273
	Discussion
	System simulation for DRS of small cell
	CATT

	7.10.4
	R4-144414
	Approval
	System level simulation results for small cell deployment
	NTT DOCOMO, INC.

	7.10.4
	R4-144427
	Discussion
	System-level Simulation Results for RRM Measurements of SCE
	ZTE

	7.10.4
	R4-144485
	Approval
	System level simulation on side conditions for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144534
	Discussion
	System level simulation results for CRS/CSI-RS based SINR
	Samsung

	7.10.4
	R4-144632
	Discussion
	System level simulation for DRS based measurements
	China Telecom

	7.10.4
	R4-144706
	Discussion
	System level simulation results on SINR working point for DRS based RSRP measurement
	Nokia Networks, Nokia Corporation

	7.10.4
	R4-144913
	Discussion
	System simulation results for RRM measurements based on discovery signal
	Ericsson

	7.10.4
	R4-145269
	Discussion
	Discussion on interference condition for DRS measurement based on SLS 
	Intel Corporation


Proposals from companies:

· CATT (R4-144273):

· Observation 1: The side condition for PSS/SSS/CRS of DRS can be defined to higher than -6dB.

· Observation 2: The side condition for CSI-RS of DRS can be defined to higher than 0dB.
· NTT DoCoMo (R4-144414):

· Observation: The CSI-RS REs achieve significantly better SINR than the CRS REs thanks to the muting mechanism in the synchronized network.

· 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., -3 dB or 0 dB SINR, should be applied in the requirement.
· ZTE (R4-144427):

· Observation 1: CSI-RS muting could provide significant gain in terms of SINR.

· Observation 2: Side condition for RRM measurement should be decided very carefully. Maybe a methodology is needed.

· Huawei, HiSilicon (R4-144485):

· Observation 1: The worst case of CRS SINR is seen by using distinct PCI among TPs in each macro cell and adopting deployment 4, which has bottomed out to-3.91dB.
· Observation 2: To CSI-RS side condition, the worse SINR is seen in non-muting case for each deployment of the same loading.
· Observation 3: The lowest CSI-RS SINR in muting case is -1.46dB in case of ‘100% load + different clusters have different CSI-RS configuration sets’.
· Samsung (R4-144534):

· Observation:
· For all interference level of the top 3 strongest cells, CSI-RS based interference level shows more than 10 dB gain over CRS based, if CSI-RS muting is applied within each small cell cluster.
· For CRS based RRM measurement, the side condition of 2nd and 3rd interference cell is expected to be much worse than the legacy side condition. Thus, it may be a big challenge for UE implementation if the similar performance requirement is applied.
· China Telecom (R4-144632):

· Proposal: When determining the SINR for CRS and CSI-RS based measurement accuracy requirements, the worst case should be considered, i.e., -3.48dB SINR for CRS, -0.98dB SINR for CSI-RS.
· Nokia (R4-144706):

· Observation: With CSI-RS muting, the 5%-tile of the SINR CDF is >=3 dB for identification of the best TP. The SINR working point is much lower for the identification of the second best TP.
· Ericsson (R4-144913):

· It was observed that the requirement can be set based on the case with muting and the UE should be able to detect up to 6 cells provided that Ŝ/Iot≥-6dB.
· Intel (R4-145269):

· Observations:

· It is very likely that CRS and CSI-RS without muting can only be measured in the very limited number of LPN. For example, in 70% of cases, only the strongest LPN is measurable.

· CSI-RS SINR is significantly improved with muting.

· When muted CSI-RS is assumed, reuse factor of 6 provides a good trade-off between CSI-RS SINR and CRS-RS overhead.

· 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


· For CSI-RS with muting, the setup 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


Open issues:

· Side conditions for CRS based measurement
· Option1: -6dB 
· Option 2: -4dB

· Side conditions for CSI-RS based measurement
· Option 1: -2dB

· Option 2: 0dB

· Revised simulation methodology for CRS:

· How many strongest cells should be captured;

· Limited to 3;

· Evaluate the SINR of top three small cells within 6 dB RSRP gap from the best RSRP cell;
· Cell edge 5%?

· Baseline Cell deployment:
· Deployment 1: 1 cluster per macro cell + 4 small cells per cluster

· Deployment 2: 1 cluster per macro cell + 10 small cells per cluster
· PCI 

· Case1: 100% load + small cells in same macro cell sharing same PCI 

· Case 2: 100% load + small cells in same macro cell owning distinct PCIs 

· Revised simulation methodology for CSI-RS:

· How many strongest cells should be captured;

· Limited to 3;

· Evaluate the SINR of top three small cells within 6 dB RSRP gap from the best RSRP cell;

· Cell edge 5%?

· Baseline Cell deployment:

· Deployment 1: 1 cluster per macro cell + 4 small cells per cluster

· Deployment 2: 1 cluster per macro cell + 10 small cells per cluster

· CSI-RS configurations 

· Case 1: 100% load + different clusters have different CSI-RS configuration sets + muting within a cluster
· Case 2: 100% load + different clusters have same CSI-RS configuration sets + muting within a cluster
Discussion:

Ericsson: need more simulation;

Qualcomm: does UE know the muting pattern;

SS: UE do not need to know the muting pattern. For system evaluation, it would be difficult to align the simulation assumptions. We prefer to have the concrete values;
Huawei: 

CTC: support the -6dB for CRS and -2dB for CSI-RS;
Agreements:
· Baseline of side conditions for CRS based and CSI-RS based measurements:
· Option 1: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [-2]dB on CSI-RS REs for CSI-RS based measurement

· Option 2: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [0dB] for CSI-RS REs based measurement

· In the next meeting, the interested companies are encouraged to provide the system simulation results to confirm the values in Option 1 and Option 2.
· Huawei volunteers to update the system simulation assumptions.
1.3 Cell identification and TP identification

1.3.1 Cell search based on CRS of DRS
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144271
	Discussion
	Cell search simulation for small cell based on DRS
	CATT

	7.10.4
	R4-144412
	Approval
	Performance evaluation results on PSS/SSS acquisition and CSI-RS acquisition
	NTT DOCOMO, INC.

	7.10.4
	R4-144424
	Discussion
	Cell detection simulation results for small cell enhancement
	ZTE

	7.10.4
	R4-144481
	Discussion
	Link level simulation results for PSS/SSS based cell identification for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144487
	Discussion
	Discussion on requirement of Cell/TP identification for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144535
	Discussion
	Simulation results for PSS/SSS acquisition based on DRS
	Samsung

	7.10.4
	R4-144668
	Discussion
	Simulation results for small cell discovery based on PSS/SSS
	Alcatel-Lucent

	7.10.4
	R4-144674
	Discussion
	Small cell on/off DRS measurement requirements
	Nokia Corporation, Nokia Networks

	7.10.4
	R4-144908
	Discussion
	Link simulation results for cell identification (PCI)
	Ericsson


Proposals from companies:
· CATT (R4-144271):

· Observation: the current cell search delay requirement, i.e. successfully cell search with 90% possibility within 15 cell detection, can be met for cell search based on DRS under the Es/Iot ≥ -6dB condition.
· NTT DoCoMo (R4-144412):

· Proposal 1: The delay requirement for PSS/SSS acquisition in the context of DRS based RRM measurement should be based on less than 15 samples.
· ZTE (R4-144424):
· Observation: Side conditions of PSS/SSS Es/Iot may need to be studied to avoid too long cell detection delay for small cell enhancement if requirement is defined based on DRS occasion periodicity of 160ms
· Huawei, HiSilicon (R4-144481):

· Proposal: For PSS/SSS acquisition time requirements, two options could be considered for SCE:

· Option 1: 600ms; the legacy cell identification latency could be reused.

· Option 2: [3 + x]*DRS periodicity; the requirements dependent on DRS periodicity could be defined for cell identification. x is the implementation margin.

· Huawei, HiSilicon (R4-144487):

· Proposal (A): the pure PSS/SSS acquisition delay for SCE should not be differentiated by different DRS bandwidths.

· Proposal (B): in current stage, candidate values of 40ms, 80ms and 160ms for DRS occasion periodicity could be used as baseline to define intra-frequency cell/TP identification requirement for SCE.

· Proposal (C): intra-frequency cell/TP identification requirements of DRX cases for SCE could be categorized into two groups: DRS occasion periodicity < DRX cycle length and DRS occasion periodicity ≥ DRX cycle length.

· Proposal (D): For inter-frequency DRS acquisition/measurement in synchronized SCE scenario, the feasible DRS periodicity should be smaller than gap period and therefore we recommend to introduce smaller DRS occasion periodicity, e.g. 20ms. RAN4 should inform this issue to RAN1.
· Proposal (E): inter-frequency cell/TP identification requirements for SCE could be derived from intra-frequency case without simulation, in which the available measurement time shall be maintained as intra-frequency case.

· Proposal (F): inter-frequency cell/TP identification requirements for different DRX cycles for SCE might have minor differences regarding power consumption.

· Proposal (G): the intra-frequency TP identification requirement includes pure CSI-RS acquisition time and one single CSI-RS measurement. 
· Proposal (H): the intra-frequency TP identification requirements for SCE shall be differentiated by different DRS bandwidths.

· Samsung (R4-144535):

· Observation 1: For both -6dB and -4dB side condition, PSS/SSS periodicity should be limited to 80ms for DRS based cell identification.
· Proposal 1: Take 80ms as the baseline of DRS periodicity.
· Nokia (R4-144674):

· Proposal 1: RAN4 should first decide on DRS periodicity based on the small cell On/Off cell detection requirements. Following RAN4 can develop CSI-RS based requirements.
· Proposal 2: If RAN1 introduces DRS RSRQ measurements RAN4 should discuss the need for wideband measurements on SC On/Off cells.
· Proposal 3: define CSI-RS RRM measurement requirements based on minimum CSI-RS RE density of 2 RE/PRB.

· Proposal 4: Investigate the wideband CSI-RS RSRP measurement as way to increase the CSI-RS RSRP measurement accuracy.
· Proposal 5: RAN4 should discuss the need for CSI-RS based measurement time domain filtering.
· Proposal 6: RAN4 should discuss the UE delay requirements related to newly turned On small cell.
· Proposal 7: We propose to use N=5 as DRS occasion length.
· Ericsson (R4-144908):

· Observation: in most cases, up to 5-6 DRS occasions are needed in order to achieve cell detection probability of 90%. However the results are based on perfect knowledge of the timing of all cells at the UE. RAN4 needs to discuss and find out the cell identification delay considering uncertainty in cell timing.
Open issues:

· Receiving time difference between cells
· Within one CP according to RAN1 LS
· PSS/SSS acquisition time
· Acquisition time (in sample number)

· In principle, the new requirements should be the same as or better than the existing Cell Identification requirements in Rel-8

· Option1: PSS/SSS acquisition in the context of DRS based RRM measurement should be based on less than 15 samples
· Option 2: 600ms; the legacy cell identification latency could be reused
· Option 3: [3 + x]*DRS periodicity; the requirements dependent on DRS periodicity could be defined for cell identification. x is the implementation margin
· In order to well align the simulation results, the following parameters were agreed for the further evaluation

· False alarm rate: 0.5%
· Periodicity: provide the simulation results for 40ms, 80ms and 160ms
· Duration of DRS occasion per DMTC is configurable FDD 1 ~5(?) TD 2~5(?)
· The pure PSS/SSS acquisition delay for SCE should not be differentiated by different DRS bandwidths:
· Evaluation of CRS based RSRP measurement period:

· Option 1: keep the existing accuracy unchanged and evaluate the measurement period

· CRS subframe number per sample: N = 1;
· Methodology to specify the requirements
· Define the requirements for the different bandwidths;
· Define the requirements for the different DMTC-s;
· Intra-frequency requirement in non-DRX case could be defined as X*DMTC, X is the required measurement samples number from simulation results

· Intra-frequency in DRX case will be defined by: DMTC < DRX cycle length and  DMTC > DRX cycle length
· Inter-frequency requirement can be derived from intra-frequency simulation by calculation measurement sample number, no need specific simulation for inter-frequency

Agreements:
· PSS/SSS acquisition time should be defined in the follow way:
· [ x+y]*DRS periodicity; the requirements dependent on DRS periodicity could be defined for cell identification.
· x will be derived from the link level simulation

· y is the implementation margin

· In order to well align the simulation results, the following parameters were agreed for the further evaluation
· Periodicity: provide the simulation results for 40ms, 80ms and 160ms
· Duration of DRS occasion per DMTC is configurable
· Evaluation of CRS based RSRP measurement period:

· Option 1: keep the existing accuracy unchanged and evaluate the measurement period

· CRS subframe number per sample: N = 1;

· Methodology to specify the requirements

· Define the bandwidth relate requirements;
· FFS candidate bandwidths;

· Define the requirements for the different DMTC periodicities
· Do not need the simulation for the inter-frequency requirements , and how to specify Inter-frequency requirement is FFS.
1.3.2 TP identification based on CSI-RS of DRS
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144412
	Approval
	Performance evaluation results on PSS/SSS acquisition and CSI-RS acquisition
	NTT DOCOMO, INC.

	7.10.4
	R4-144483
	Discussion
	Link level simulation results for CSI-RS based TP identification for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144487
	Discussion
	Discussion on requirement of Cell/TP identification for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144527
	Discussion
	Simulation results for TP identification based on CSI-RS
	Samsung

	7.10.4
	R4-144909
	Discussion
	Link simulation results for TP identification
	Ericsson


Proposals from companies:

· NTT DoCoMo (R4-144412):

· Proposal 2: The delay requirement for CSI-RS acquisition using wide measurement bandwidth, e.g., 50 RBs, should be based on a few measurement samples.
· Proposal 3: If the CSI-RS with more than 2 REs/PRB is not supported, the CSI-RS acquisition using 6 RBs should not be supported.
· Huawei, HiSilicon (R4-14483):

· Proposal: For TP identification, the requirements dependent on bandwidth should be defined as:
	TP identification latency

	CSI-RS bandwidth<15PRB
	15PRB≤CSI-RS bandwidth<50PRB
	50PRB≤CSI-RS bandwidth

	[37] * DRS periodicity
	[9] * DRS periodicity
	[2] * DRS periodicity


· Samsung (R4-144527):

· Proposal: For TP identification, the requirements dependent on bandwidth should be defined as:
· Observation 1: For 6RB case, the maximum CSI-RS acquisition delay is scaled with DRS periodicity. Even under good channel condition, up to 3 DRS periodicity is required to acquire CSI-RS when 1 CSI-RS port is configured.
· Observation 2: With extending measurement bandwidth to 50RB, CSI-RS acquisition delay is significantly decreased. 1 DRS periodicity is enough to acquire CSI-RS.
CSI-RS acquisition time delay under 6RB and 50RB
	SNR[dB]
	6RB
	50RB

	DRS Periodicity
	40ms
	80ms
	160ms
	40ms
	80ms
	160ms

	-4
	>400ms
	>800ms
	>1600ms
	80ms(2)
	160ms(2)
	320ms(2)

	-3
	360ms(9)
	720ms(9)
	1440ms(9)
	40ms(1)
	80ms(1)
	160ms(1)

	0
	200ms(5)
	400ms(5)
	800ms(5)
	40ms(1)
	80ms(1)
	160ms(1)

	3
	160ms(4)
	320ms(4)
	640ms(4)
	40ms(1)
	80ms(1)
	160ms(1)

	6
	120ms(3)
	240ms(3)
	480ms(3)
	40ms(1)
	80ms(1)
	160ms(1)


· Ericsson (R4-144909):

· It is proposed that the simulation assumptions are revisited based on system simulation results to find realistic SNR values for the desired cell and the interfering ones.
Open issues:

· Receiving time difference between TPs:

· Within one CP according to RAN1 LS

· CSI-RS TP acquisition time

· In order to well align the simulation results, the following parameters were agreed for the further evaluation

· False alarm rate: 0.5%

· Periodicity: provide the simulation results for 40ms, 80ms and 160ms
· CSI-RS ports: one CSI-RS port will be transmitted in one subframes per DRS occasion;
· Measurement CSI-RS bandwidth: evaluate the performance for 6PRB, 15PRB and 50PRB
· Assuming that PSS/SSS is acquired.
· Evaluation of CSI-RS based RSRP measurement period:

· Evaluate the CSI-RS based RSRP measurement period based on the following assumption
· 1 subframe with CSI-RS transmitted;

· Measurement CSI-RS bandwidth: the same as that used for the evaluation of CSI-RS TP identification.

· Methodologies to specify the requirements

· Define the requirements for the different bandwidths;
· Define the requirements for the different DMTC-s;

· Intra-frequency requirement in non-DRX case could be defined as X*DMTC, X is the required measurement samples number from simulation results

· Intra-frequency in DRX case will be defined by: DMTC < DRX cycle length and  DMTC > DRX cycle length
· Inter-frequency requirement can be derived from intra-frequency simulation by calculation measurement sample number, no need specific simulation for inter-frequency

This part was not handled in ad hoc.
1.3.3 Way forward for Cell/TP identification
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144489
	Approval
	Way Forward on Cell/TP identification for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144910
	Approval
	Way forward for cell identification and TP identification based on DRS
	Ericsson


This part was not handled in ad hoc.
1.4 RSRP/RSRQ measurement based DRS
1.4.1 RSRP/RSRQ measurement based CRS
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144272
	Discussion
	Measurement performance simulation for small cell based on DRS
	CATT

	7.10.4
	R4-144413
	Approval
	Performance evaluation results on DRS based RSRP measurement
	NTT DOCOMO, INC.

	7.10.4
	R4-144425
	Discussion
	Simulation Results for CRS RSRP Measurement Accuracy for SCE
	ZTE

	7.10.4
	R4-144446
	Discussion
	RSRP measurement performance of DRS for SCE
	CMCC

	7.10.4
	R4-144482
	Discussion
	Link level simulation results on CRS-based RSRP measurement for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144526
	Discussion
	Views on DRS based RRM measurement
	Samsung

	7.10.4
	R4-144544
	Discussion
	Simulation results of DRS based RSRP measurement accuracy
	LG Electronics

	7.10.4
	R4-144632
	Discussion
	System level simulation for DRS based measurements
	China Telecom

	7.10.4
	R4-144705
	Discussion
	Link level simulation results on DRS based RSRP accuracy
	Nokia Networks, Nokia Corporation

	7.10.4
	R4-144911
	Discussion
	link simulation results for CRS based RSRP measurements
	Ericsson


Proposals from companies:

· CATT (R4-144272):

· Proposal 1: Current requirement for RSRP measurement accuracy can be reused based on averaged with more than two subframes CRS and 5 measurement samples under AWGN.  If there are only one subframe per DRS occasion, the measurement period will be lengthened properly.
· Proposal 2: The RSRP measurement accuracy requirements based on CSI-RS may be specified the same as that of based on CRS measurement except the Es/Iot condition rose to 0dB from -6dB.
· NTT DoCoMo (R4-144413):

· 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 25/50 RBs requires i = 3 measurement samples for -6 dB SINR condition in ETU channel, and i = 1 measurement sample in other channels.
· Observation 3: CSI-RS 2 REs/PRB with 6 RBs requires more than 5 measurement samples for -3 and 0 dB SINR conditions in ETU channel.
· Observation 4: CSI-RS 2 REs/PRB with 25/50 RBs requires i = 5 or 3 measurement samples for -3 and 0 dB SINR conditions in ETU channel, and i = 1 measurement sample in other channels.
· Observation 5: CSI-RS 8 REs/PRB with 6 RBs requires i = 5 or 3 measurement samples for -3 and 0 dB SINR conditions in ETU channel, and i = 1 measurement sample in other channels.
· Observation 6: CSI-RS 8 REs/PRB with 25/50 RBs requires i = 1 measurement sample for -3 and 0 dB SINR conditions in all evaluated channels.
· 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 for wide measurement bandwidth, e.g., 25 or 50 RBs, while the delay requirement for CRS 6 RBs should be based on i = 5 measurement samples.
· Proposal 2: If the CSI-RS with more than 2 REs/PRB is not supported, the minimum measurement bandwidth for the CSI-RS based RSRP measurement should be 25 RBs.
· ZTE (R4-144425):
· Observation: 25RB measurement bandwidth, 480ms measurement period and side condition of SINR = -8dB seem to be appropriate to define CRS RSRP measurement accuracy requirements for SCE.
· CMCC (R4-144446):
· Observation 1: The CRS based RSRP requirements could hardly be satisfied when the SNR is -10dB in any configuration in Table A-1.
· Proposal 1: The existing CRS based RSRP measurement requirements and side condition could be reused.
· Huawei, HiSilicon (R4-144482):

· Observations

· When measurement bandwidth is 6RBs, the measurement period is 800ms (i.e., 5 sample), and side condition is -4dB, the legacy absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 25RBs, the measurement period is 480ms (i.e., 3 sample) or larger, and side condition is -4dB, the legacy absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 50RBs, the measurement period is 480ms (i.e., 3 sample) larger, and side condition is -6dB, the legacy 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 -4dB, the legacy absolute accuracy and relative accuracy could be satisfied.
· Samsung (R4-144526):

· Observation 1: With same measurement samples, measurement period has no obvious effect on CRS based RSRP measurment accuracy
· Observation 2: With extending measurement bandwidth, CRS based RSRP measurment accuracy can be dramatically improved especial at low SNR region i.e. at SNR -12dB, CRS based RSRP accuracy with 25RB can be improved 2dB, performance under 50RB compared to 25 RBs have additional 0.5dB gain.
· Observation 3: For CRS RSRP measurment accurcay, under typical SNR condition i.e. -12dB in SCE deployment scenario, it’s required to extend channel BWs (i.e. 50RB) and measurement period (i.e. N>5) in order to achive similar performance as Rel.8.
· Proposal 1: Introducing DRS related RRM measurement under typical side conditions (SINR level) which come from SLS evaluation based on typical SCE deployment scenarios i.e. for CRS RSRP SNR >=-12dB and for CSI-RS RSRP SNR>=3dB.
· Proposal 2: In oder to improve CRS based RSRP measurement accuracy under low SNR condition i.e -12dB,-10dB, extending measurment bandwidth can be considered.
· Proposal 3: Defing two sets of RSRP accuracy performance requirements with 6RB and 25RB
· China Telecom (R4-144632):

· Proposal: When determining the SINR for CRS and CSI-RS based measurement accuracy requirements, the worst case should be considered, i.e., -3.48dB SINR for CRS, -0.98dB SINR for CSI-RS.
· Nokia (R4-144705):

· Observation 1: For CRS based RSRP measurement in DRS, the existing requirement ((6 dB) cannot be met with 6 PRB and 160 ms measurement for all cases. Increasing the measurement bandwidth and/or period can lead to better accuracy. In particular, longer meansuremnt period looks more benefitial. 

· Observation 2: For CSI-RS based RSRP measurement in DRS, the existing requirement ((6 dB) cannot be met with 6 PRB, 160 ms and 2 RE measurement in all cases. Increasing the measurement bandwidth and/or period can lead to better accuracy. In particular, longer meansuremnt period looks more benefitial. The gain from increased number of CSI-RS REs is limited. 

· Ericsson (R4-144911):

· The results show that RSRP measurement based on one subframe and with 6PRBs, does not satisfy the accuracy requirements for release 8. Also in some cases increasing measurement period to 3 subframes does not satisfy release 8 requirements. However increasing the measurement bandwidth from 6PRB to 25PRB 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.
· LGE:

· Observation 1 : Under AWGN, for all measurement bandwidth of 6RB, 25RB and 50RB, CRS based absolute and relative measurement accuracy meet current requirement of 6dB at SNR of -6dB and -3dB in 3 measurement period such as 160ms, 3x160ms and 5x160ms.
· Observation 2 : Under EPA5, for measurement bandwidth of 25RB and 50RB, CRS based absolute and relative measurement accuracy meet current requirement of 6dB at SNR of -6dB and -3dB in one measurement period of 5x160ms.
· Observation 3 : Under ETU30, for measurement bandwidth of 25RB and 50RB, CRS based absolute and relative measurement accuracy  meet current requirement of 6dB at SNR of -6dB and -3dB in 2 measurement period such as 3x160ms and 5x160ms.
· Proposal 1 : DRS occasion based measurement requirement should be defined at AWGN.
· Proposal 2: For CRS based RSRP measurement accuracy, measurement bandwidth can be applied with 6RB.
· Proposal 3: For CRS based RSRP measurement accuracy, a DRS occasion based measurement period can be applied with 160ms.
Open issue:

· Methodology to define the requirements:
· Define the different requirements for different bandwidths

· Measurement bandwidth for requirements :

· 25PRB;
· 50PRB

· RSRP Delay Requirements:
· Option 1: The delay requirement for CRS-based and CSI-RS-based RSRP measurement in the context of DRS based RRM measurement should be specified for wide measurement bandwidth, e.g., 25 or 50 RBs, while the delay requirement for CRS 6 RBs should be based on i = 5 measurement samples.
· RSRP measurement accuracy requirements:

· Option 1: 25RB measurement bandwidth, 480ms measurement period and side condition of SINR = -8dB seem to be appropriate to define CRS RSRP measurement accuracy requirements for SCE.
· Option 2: Reuse the existing CRS based RSRP measurement accuracy requirements assuming averaging over more than two subframes with CRS and 5 measurement samples under AWGN;
· Option 3: The existing CRS based RSRP measurement requirements and side condition could be reused.
· Option 4: define the different requirements for different bandwidths
· Define two sets of RSRP accuracy performance requirements with 6RB and 25RB;

· Define requirements with 6PRB, 25PRB, and 50PRB

This part was not handled in ad hoc.
1.4.2 RSRP/RSRQ measurement based on CSI-RS 
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144426
	Discussion
	Simulation Results for CSI-RS RSRP Measurement Accuracy for SCE
	ZTE

	7.10.4
	R4-144446
	Discussion
	RSRP measurement performance of DRS for SCE
	CMCC

	7.10.4
	R4-144484
	Discussion
	Link level simulation results for CSI-RS based RSRP measurement for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144486
	Discussion
	Discussion on requirement of RSRP measurement for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144526
	Discussion
	Views on DRS based RRM measurement
	Samsung

	7.10.4
	R4-144544
	Discussion
	Simulation results of DRS based RSRP measurement accuracy
	LG Electronics

	7.10.4
	R4-144912
	Discussion
	link simulation results for CSI-RS based RSRP measurements
	Ericsson


Proposals from companies:

· ZTE (R4-144426):

· Observation: 25RB measurement bandwidth, 480ms measurement period, side condition of SINR = -8dB and CSI-RS configuration with 2REs/RB seem to be appropriate to define CSI-RS RSRP measurement accuracy requirements for SCE.
· CMCC (R4-144446):

· Observation 2: CSI-RS provides better performance with the increase of RE numbers per RB. And CSI-RS with configuration of 8REs/RB could achieve similar performance as CRS when SINR is 0 dB and 3dB.
· Huawei, HiSilicon (R4-144484):

· Observations

· When measurement bandwidth is 6RBs, the measurement period is 800ms (i.e., 5 sample), and side condition is -2dB, the legacy absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 25RBs, the measurement period is 480ms (i.e., 3 sample) or larger, and side condition is 
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 -2dB, the legacy 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 
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 -2dB, the legacy absolute accuracy and relative accuracy could be satisfied.

· Samsung (R4-144526):

· Observation 4: With same measurement samples, measurement period has no obvious effect on CSI-RS based RSRP measurment accuracy 
· Observation 5: With same CSI-RS granularity( i.e. number of CSI-RS REs in one RB across all SFs in one DRS occasion), extending number of REs either in frequency domain by using multiple CSI-RS resources or in time domain with consistent CSI-RS SFs in DRS occasion or both have similar performance.
· Observation 6: For CSI-RS RSRP measurement, at the typical SNR condition based SLS evaluation i.e. SNR 3dB, under 6RB, only 3 samples required to fulfil Rel.8 performance requirements, furthermore with extending CSI-RS granularity i.e. 8RE per DRS occasion, then even with 1 sample, CSI-RS RSRP can achieve similar performance as Rel.8 requirements.
· Proposal 1: Introducing DRS related RRM measurement under typical side conditions (SINR level) which come from SLS evaluation based on typical SCE deployment scenarios i.e. for CRS RSRP SNR >=-12dB and for CSI-RS RSRP SNR>=3dB.
· Proposal 2: In oder to improve CRS based RSRP measurment accuracy under low SNR condition i.e -12dB,-10dB, extending measurment bandwidth can be considered.
· Proposal 3: Defing two sets of RSRP accuracy performance requirments with 6RB and 25RB
· Ericsson (R4-144912):

· The results show that RSRP measurement based CSI-RS in one subframe with 6PRB bandwidth, may have poor accuracy for typical SNR values. However increasing the measurement period, measurement bandwidth, or number of CSI-RS resources can improve the measurement accuracy over the whole range of SNR values.
· LGE:
· Observation 4 : Under AWGN, for measurement bandwidth of 6RB, CSIRS based absolute measurement accuracy does not meet current CRS based requirement of 6dB at SNR of -3dB in all combination of 3 measurement periods( 160ms, 3x160ms, 5x160ms) and 3 different RE configuration(2RE, 4RE, 8RE).
· Observation 5 : Under AWGN, for measurement bandwidth of 6RB, CSIRS based relative measurement accuracy meets current CRS based requirement of 6dB at SNR of -3dB in combination of 2 measurement periods(3x160ms, 5x160ms) and 3 different RE configuration(2RE, 4RE, 8RE).
· Observation 6 : Under AWGN, for measurement bandwidth of 25RB, CSIRS based absolute and relative measurement accuracy meet current CRS based requirement of 6dB at SNR of -3dB in the combination of 2 measurement periods(3x160ms, 5x160ms) and 3 different RE configuration(2RE, 4RE, 8RE).
· Observation 7 : Under AWGN, for measurement bandwidth of 50RB, CSIRS based absolute and relative measurement accuracy meet current CRS based requirement of 6dB at SNR of -3dB in the all combination of 3 measurement periods(160ms, 3x160ms, 5x160ms) and 3 different RE configuration(2RE, 4RE, 8RE).
· Observation 8 : Under EPA5, for measurement bandwidth of 6RB, 25RB and 50RB, CSIRS based absolute measurement accuracy does not meet current CRS based requirement of 6dB at SNR of -3dB in the all combination of 3 measurement periods(160ms, 3x160ms, 5x160ms) and 3 different RE configuration(2RE, 4RE, 8RE).
· Observation 9 : Under ETU30, for measurement bandwidth of 50RB, CSIRS based absolute and relative measurement accuracy meet current CRS based requirement of 6dB at SNR of -3dB in the combination of 2 measurement periods(3x160ms, 5x160ms) and 3 different RE configuration(2RE, 4RE, 8RE).
· Proposal 4: For CSIRS based RSRP measurement accuracy, measurement bandwidth can be applied with at least 25RB.
· Proposal 5: For CSIRS based RSRP measurement accuracy, a DRS occasion based measurement period can be applied with at least 480ms(3x160ms).
· Proposal 6: For CSIRS based RSRP measurement accuracy, the number of CSIRS RE per RB in a DRS occasion can be applied with 2RE.
Open issues:

· Structure for RSRP measurement accuracy requirements

· Define the requirements for each considered CSI-RS measurement bandwidth
· Measurement bandwidth: 6PRB, 25PRB, 50PRB 

· CSI-RS based RSRP measurement accuracy requirements
· The RSRP measurement accuracy requirements based on CSI-RS may be specified the same as that of based on CRS measurement except the Es/Iot condition rose to 0dB from -6dB.
This part was not handled in ad hoc.
1.4.3 Way forward for RSRP measurement based on DRS
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144488
	Approval
	Way Forward on RSRP measurement for SCE
	Huawei, HiSilicon

	7.10.4
	R4-144914
	Approval
	Way forward RSRP measurements based on DRS
	Ericsson


This part was not handled in ad hoc.
1.5 LS out on RRM

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.4
	R4-144492
	LS out
	LS of agreements on small cell enhancement
	Huawei, HiSilicon


This part was not handled in ad hoc.
2 Demodulation and CSI requirements

2.1 Demodulation performance requirements

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.3
	R4-144303
	Discussion
	Demodulation requirements for small cell enhancement
	Huawei, HiSilicon

	7.10.3
	R4-144419
	Discussion
	Demodulation and CSI requirements for SCE
	ZTE

	7.10.3
	R4-144524
	Discussion
	Test cases design for SCE demodulation performance
	Samsung

	7.10.3
	R4-144880
	Discussion
	Discussion on UE demodulation performance requirement for 256QAM
	Ericsson

	7.10.3
	R4-145175
	Discussion
	Demodulation performance requirements for 256-QAM
	Qualcomm Incorporated


Open issues:

· Tx EVM for demodulation performance requirements:

· 3% Tx EVM

· Test cases:
· One CRS based dual-layer transmission mode test

· Option 1: TM3 rank-2;

· Option 2: TM4 closed-loop;

· TM9 1-layer test

· TM2 FFS

This part was not handled in ad hoc.
2.2 CSI reporting requirements

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.10.3
	R4-144304
	Discussion
	CSI requirements for small cell enhancement
	Huawei, HiSilicon

	7.10.3
	R4-144419
	Discussion
	Demodulation and CSI requirements for SCE
	ZTE

	7.10.3
	R4-144525
	Discussion
	Initial considerations for SCE CSI test
	Samsung

	7.10.3
	R4-144880
	Discussion
	Discussion on UE demodulation performance requirement for 256QAM
	Ericsson

	7.10.3
	R4-145176
	Discussion
	CSI requirements for 256-QAM
	Qualcomm Incorporated


Open issues
· Whether we need PUCCH 1-1 dual-codeword CQI definition test

This part was not handled in ad hoc.






_1469014181.unknown

_1469014199.unknown

