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1 RSRP/RSRQ Measurements in LAA
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.4
	R4-155614
	other
	Discussion on RRM impacts of LAA
	Intel

	7.13.4
	R4-155615
	other
	Discussion on RSSI measurement in LAA
	Intel

	7.13.4
	R4-155733
	discussion
	simulation results of LAA DRS measurement
	ZTE

	7.13.4
	R4-155765
	discussion
	Further analysis of measurement requirements for LAA
	Ericsson

	7.13.4
	R4-156471
	other
	Simulation assumptions for cell identification with LAA
	Ericsson

	7.13.4
	R4-156472
	other
	Simulation assumptions for RSRP and RSRQ with LAA
	Ericsson

	7.13.4
	R4-156473
	other
	Simulation assumptions for CSI-RSRP with LAA
	Ericsson

	7.13.4
	R4-156475
	other
	Simulation assumptions for RSSI with LAA
	Ericsson

	7.13.4
	R4-155799
	discussion
	Measurement in LAA
	Huawei

	7.13.4
	R4-156052
	discussion
	RRM Procedures for LAA
	Qualcomm

	7.13.4
	R4-156128
	discussion
	Discussion of RRM measurement for LAA
	LGE

	7.13.4
	R4-156263
	discussion
	eNodeB LBT Impacts on RRM
	Nokia

	7.13.4
	R4-156264
	discussion
	On cell detection and RRM measurements for LAA SCells
	Nokia


Proposals from companies:

	Companies
	Proposals

	R4-155614
Intel
	Observation 1: The DRS structure which allow DRS transmission in subframes other than #0 and #5 makes RRM measurement once per a DMTC period more feasible.

Proposal 1:  The requirements for RRM measurement (e.g. cell identification) in LAA can be specified by “X DMTC_period “ assuming one successful DRS transmission within a DMTC period can be guaranteed.

Observation 2: The wider measurement bandwidth (e.g. >5M) is helpful to satisfy the existing measurement requirement in Rel12 even with single measurement shot.

Observation 3: The smaller measurement bandwidth is expected in order to simplify the UE implementation.

Proposal 2:  The measurement accuracy requirements for LAA including the measurement bandwidth need to be further evaluated based on the finalized DRS design.

	R4-155615
Intel
	Proposal 1: The definition of LAA RSSI in Rel13 shall be clarified by RAN1 in order to differentiate with the legacy RSSI in [5].

Observation 1: The granularity of average RSSI shall be larger than 1 subframe and less than the maximum transmission duration in LAA. 

Proposal 2:  RRM requirements on the measurement accuracy need to be specified for both average RSSI over the averaging granularity and the percentage of time that average RSSI above CCA threshold.

Proposal 3:  The requirements on RSSI measurements for both UE and eNB in LAA shall be considered in RAN4.

Proposal 4:  The requirements on the RSSI measurement delay in LAA shall be studied.

Proposal 5:  The requirements on the interruption due the RSSI measurement gap in LAA shall be specified.

	R4-155733
ZTE
	Observation 1: One shot RRM measurement by one DRS occasion with 4 CRS symbols can almost meet the current requirement, except for some cases with bandwidth is 5MHz and SINR=-6dB. CRS port 1 and CSI-RS could be considered in the future for further performance improvement. 

Observation 2: The performance of single shot RRM measurement by one DRS occasion with 2 CRS symbols is worse than that with 4 CRS symbols. Therefore, more CRS port or CSI-RS could be considered for improvement if this DRS structure is applied for LAA.

	R4-155765
Ericsson
	LAA detection

Observation 1: Detection probabilities may be specified once DRS design is finalised, independent of any initial signal.

Proposal 1 : Both detection and false alarm probability requirements are specified for LAA cells

Proposal 2: Generic detection and false alarm requirements are developed based on RAN1 results for different propagation conditions.
Cell identification

Proposal 3 : Cell identification simulations are performed to determine whether to specify single shot requirements, or requirements based on multiple attempts

Proposal 4 : Cell identification requirements should scale according to missed PSS/SSS downlink transmission (assumed to be due to LBT)

RSRP, RSRQ and CSI-RSRP measurement

Proposal 5 : RSRP, RSRQ and CSI-RSRP accuracy requirements should be based on single shot measurements, subject to confirmation after simulation results are available in RAN4.

Proposal 6 : If 50RB or 25RB measurement BW gives significant advantage over 6RB then LAA accuracy minimum requirements should be specified assuming wider measurement bandwidth (i.e. based on simulation studies with wider measurement bandwidth).

RSSI measurement

Proposal 7 : Once the measurement details (timing) for RSSI are clarified, RAN4 should simulate RSSI measurement accuracy

	R4-155799
Huawei
	Proposal 1: The side condition for DRS measurements in LAA could reuse -6dB as SCE.

Observation1: When Rel-12 DRS is applied, the measurement accuracy could not be satisfied with 6RBs measurement bandwidth in one shot.

Observation 2: When 2 DRS symbols design is applied (4 OFDM symbols: CRS/SSS/PSS/CRS), the measurement accuracy could not be satisfied with 6RBs and 25RBs measurement bandwidth in one shot.

Proposal 2: In order to support that RSRP/RSRQ measurements are completed on a single DRS occasion, the potential options are: increasing measurement bandwidth or design DRS with dense density.

Proposal 3: Measurement observation window could be identical with measurement reporting period. 

Proposal 4: RSSI measurement timing configuration shall be compliable with gap configuration or be times of measurement gap.

Proposal 5: In order to evaluate average RSSI accuracy, the understanding of what’s ideal RSSI from baseband perspective shall be aligned firstly.

Proposal 6: The channel occupancy percentage report mapping shall be defined in TS 36.133.

	R4-156052
Qualcomm
	The measurement requirements for LAA should be based on a measurement bandwidth of 6RBs.

	R4-156128
LGE
	-
Observation 1 : Side condition of SINR in LAA can be higher than -6dB of Rel-12 DRS because of low interference level due to LBT operation.

-
Observation 2 : If assuming side condition of 0dB in LAA, cell identification delay, measurement delay and measurement accuracy can be enhanced.

-
Observation 3 : If performing measurement with wider measurement bandwidth, measurement delay and measurement accuracy can be enhanced.

-
Observation 4 : Single shot cell identification means cell detection and RSRP measurement are met simultaneously in the single shot.

-
Observation 5 : Implementation margin is needed to be considered for measurement requirements.

-
Observation 6 : UE needs to detect blindly whether LAA DRS is transmitted or not prior to cell detection and RSRP measurement.

-
Observation 7 : It seems to be hard to complete RRM core in time when considering simulation work for measurement requirements in Ran4 under current status of LAA DRS in Ran1 .
-
Proposal 1 : If Ran1 concludes that single shot cell detection and single shot RSRP measurement are feasible simultaneously, cell identification delay and measurement delay can be defined as  one DMTC period with cell detection probability of 90% or above .

-
Proposal 2 : Side condition of LAA measurement requirements is proposed to be [0]dB as starting point.

-
Proposal 3 : For enhancement of measurement accuracy, wide measurement bandwidth should be considered.

-
Proposal 4 : In order to complete LAA RRM core in time, it is proposed to reuse simulation results of Rel-12 DRS  if possible.

-
Proposal 5 : For measurement requirement, implementation margin can be reflected to measurement accuracy instead of time delay with  margin.

-
Proposal 6 : For RRM measurements, UE needs to detect blindly whether LAA DRS is transmitted or not.

	R4-156263
Nokia
	Proposal 1: New section 8.x about LAA cell and LAA SCell cell detection and measurement requirements including RSRP/RSRQ and RSSI should be defined.

Proposal 2: The LAA cell and SCell cell detection and measurement requirements should use the requirements in sections 8.6.2 and 8.7.2 for CRS based DRS as baseline, taking into account the impact from eNodeB LBT. 

Proposal 3: In case CSI-RS based DRS is to be defined for LAA by RAN1, the LAA cell and SCell cell detection and measurement requirements should use the requirements in sections 8.6.3 and 8.7.3 for CSI-RS based DRS as baseline, taking into account the impact from eNodeB LBT.

	R4-156264
Nokia
	Observation 1: Single-shot cell detection with legacy PSS/SSS is feasible assuming higher operating of e.g. -1dB SNR for LAA operation (excluding measurement round).

Observation 2: It would appear that in an AWGN channel, one-shot RSRP measurements based on LAA-DRS having duration of less than 1 ms can provide sufficient accuracy. RAN4 would need to evaluate also other channels to conclude whether it would be possible to achieve comparable accuracy as set by current LTE RSRP measurement accuracy requirements in 36.133 also accounting implementation impairments.

Observation 3: Frequency offset estimation with both considered DRS structures is somewhat larger than with Rel-12 DRS, especially for 6PRB measurement.

Observation 4: From time estimation accuracy point of view, the performance is rather equivalent for both options.

Based on these observations we have proposed the following:

Proposal 1: RAN4 should consider whether 6PRB measurement BW is sufficient, or whether wideband RSRP measurements (25PRB) should be considered.

Proposal 2: RAN4 is to define scenarios and simulation assumptions for the DRS evaluation.

Proposal 3: RAN4 should discuss one-shot cell detection assumption and definition.

Proposal 4: RAN4 should discuss one measurement requirements and need for time domain averaging.

Proposal 5: RAN4 should consider higher SNR operating point when defining cell detection measurement requirements for LAA cells.


Open issues and tentative agreements
· Detection, and false detection probabilities 
· Both detection and false alarm probability requirements are specified for LAA cells

Option 1: shall be defined in RRM requirements

Option 2: shall be defined in demodulation requirements
· Side condition of LAA measurement requirements
	RAN1 Working assumptions (RAN1#82bis):
· SINR side condition or detection probability for LAA cell detection performance requirement(s) can be relaxed compared to Rel-12

· Cell detection with a single DRS occasion is supported based on existing PSS/SSS

· Send LS to RAN4 to confirm feasibility of cell detection with a single DRS occasion to decide SINR side condition and cell detection probability




· Cell Identification delay
· Option 1: Specify single shot requirements
· Option 2: Specify requirements based on multiple attempts and taking into account the impact from eNodeB LBT
· RSRP/RSRQ/CSI-RSRP Measurement period
· Option1: RSRP, RSRQ and CSI-RSRP accuracy requirements should be based on single shot measurements
· Option2: Others
· Measurement bandwidth 

· Option1: 6RBs
· Option2: Wider bandwidth (e.g., 25RBs, 50RBs, etc.)
Discussion:

Ericsson: Detection, and false detection is about DRS and can be captured as part of demod req.
Qualcomm: how to we detect it?

Nokia: is this related to eNB detection?

Huawei: there is no false detection req. in current demod req.

One shot detection

QC: we can run some simulations

Ericsson: let’s run some simulation and decide one shot or multiple shot.

Huawei: we could use the SINR candidates mentioned in the RAN1 LS  trying to understand how multi shot detection would work.
Nokia: from RAN1 LS, the proposal from QC seems reasonable.
Agreements:
If needed, some performance test can be added to verify Detection, and false detection.
For cell identification, Ericsson’s paper R4-156471 can be used as the baseline.

To decide the proper measurement period and bandwidth, simulation needs to be carried out. 
Huawei will lead the simulation assumption for RSRP/RSRQ simulation. 
Ericsson will lead the CSI-RSRP simulation assumptions.
2 RSSI measurements

Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.4
	R4-155615
	other
	Discussion on RSSI measurement in LAA
	Intel

	7.13.4
	R4-155765
	discussion
	Further analysis of measurement requirements for LAA
	Ericsson

	7.13.4
	R4-155799
	discussion
	Measurement in LAA
	Huawei


Proposals from companies:

	Companies
	Proposals

	R4-155615
Intel
	Proposal 1: The definition of LAA RSSI in Rel13 shall be clarified by RAN1 in order to differentiate with the legacy RSSI in [5].

Observation 1: The granularity of average RSSI shall be larger than 1 subframe and less than the maximum transmission duration in LAA. 

Proposal 2:  RRM requirements on the measurement accuracy need to be specified for both average RSSI over the averaging granularity and the percentage of time that average RSSI above CCA threshold.

Proposal 3:  The requirements on RSSI measurements for both UE and eNB in LAA shall be considered in RAN4.

Proposal 4:  The requirements on the RSSI measurement delay in LAA shall be studied.

Proposal 5:  The requirements on the interruption due the RSSI measurement gap in LAA shall be specified.

	R4-155765
Ericsson
	RSSI measurement

Proposal 7 : Once the measurement details (timing) for RSSI are clarified, RAN4 should simulate RSSI measurement accuracy

	R4-155799
Huawei
	Proposal 1: The side condition for DRS measurements in LAA could reuse -6dB as SCE.

Observation1: When Rel-12 DRS is applied, the measurement accuracy could not be satisfied with 6RBs measurement bandwidth in one shot.

Observation 2: When 2 DRS symbols design is applied (4 OFDM symbols: CRS/SSS/PSS/CRS), the measurement accuracy could not be satisfied with 6RBs and 25RBs measurement bandwidth in one shot.

Proposal 2: In order to support that RSRP/RSRQ measurements are completed on a single DRS occasion, the potential options are: increasing measurement bandwidth or design DRS with dense density.

Proposal 3: Measurement observation window could be identical with measurement reporting period. 

Proposal 4: RSSI measurement timing configuration shall be compliable with gap configuration or be times of measurement gap.

Proposal 5: In order to evaluate average RSSI accuracy, the understanding of what’s ideal RSSI from baseband perspective shall be aligned firstly.

Proposal 6: The channel occupancy percentage report mapping shall be defined in TS 36.133.


Open issues and tentative agreements

· Average RSSI accuracy

· Option 1:delta_RSSI= eNB_RSSI -UE_RSSI
· Option2: In order to evaluate average RSSI accuracy, the understanding of what’s ideal RSSI from baseband perspective shall be aligned firstly.
· RSSI measurement delay
· Option1: Reusing the RSRP/RSRQ measurement delay in Rel-8

· Option2: Needs further study 

· RSSI measurement gap
· Option 1: The requirements on the interruption due the RSSI measurement gap in LAA shall be specified.
Discussion:

· Average RSSI accuracy

Huawei: what is the ideal RSSI?
Nokia: which RSSI are we talking about?
Intel: maybe we can just define the req., but without test case.

Ericsson: we should take the same definition as used for RSRQ. The errors should come from the UEs themselves.
QC: if there is no signal transmission, we need some time over which the measurement is performed. Regarding the source of errors, one error is from RF imperfection.

· RSSI measurement delay
Huawei: we can use option 1 as a starting point.

QC: it is not straightforward about option 1 due to the difference in signal availability.

Intel: same opinion as QC’s

QC: how to do the simulation to get the accuracy?

Ericsson: maybe we don’t need to simulate. We can refer to UMTS spec’s RSSI to get some idea.
Agreements:

It is agreed that BS RSSI measurement is up to implementation and there is no requirement needed.
Further understanding is needed what causes  the inaccuracy of RSSI measurement besides RF errors and sampling errors.
3 SCell activation and deactivation delay
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.4
	R4-156046
	discussion
	RRM Requirements related to CA for LAA
	Ericsson

	7.13.4
	R4-156260
	discussion
	Activation and Deactivation Delay of LAA SCell
	Nokia


Proposals from companies:

	Companies
	Proposals

	R4-156046
Ericsson
	The following CA specific requirements will have to be defined for the LAA:

· SCell activation and deactivation Delay (section 7.7)

· The SCell deactivation procedure does not require the use of DRS, so the current requirements are likely to be reused.

· Interruptions with Carrier Aggregation (section 7.8)

· The existing interruption probability (0.5%) on SCells belonging to unlicensed SCC should be specified.

· The interruption on the PCell on licensed band caused by LAA SCells should be kept as small as possible e.g. interruption probability of 0.1%.

· Maximum Transmission Timing Difference in Carrier Aggregation (section 7.9)

· The current requirements of 30.26 µs defined in section 7.9 can be reused also for LAA.

	R4-156260
Nokia
	Proposal 1: Rel-12 assumptions and time are used for warm up period (A) when defining activation delay for LAA SCells.

Proposal 2: LBT impact is taken into account only during the measurement period (B) when defining activation delay for LAA SCells.

Proposal 3: Activation delay for LAA SCells is defined as a warm up period of 0/8 ms plus N PSS/SSS/CRS subframes not blocked by the LBT.

Proposal 4: Deactivation delay of Rel-12 SCells can be reused for LAA SCells.


Open issues and tentative agreements

· LAA SCell Activation time
· Option 1:
-LAA SCell Activation time with known SCell with single SCell
Tactivate_basic = 2*TDMTC_periodicity + 8 ms + N* TDMTC_periodicity      
-LAA SCell Activation time with unknown SCell with single SCell
Tactivate_basic = 3*TDMTC_periodicity + 8 ms + N* TDMTC_periodicity   
· LAA SCell Activation time with unknown SCell with single SCell 
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where Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.
· Option2: Activation delay for LAA SCells is defined as a warm up period of 0/8 ms plus N PSS/SSS/CRS subframes not blocked by the LBT.
· Option 3: Others

· LAA SCell deactivation time 
· Option 1: Deactivation delay of Rel-12 SCells can be reused for LAA SCells.
Discussion:

Nokia: it depends on how we define single shot detection.
Ericsson: has nothing to do with cell detection when cell is assumed to known to the UE. When cell is unknown, we assume there is one successful attempt.

Huawei: we have concern on 8ms. In RAN1, the time and freq. sync needs to be acquired when UE is supposed to receive PUSCH. So the time needs to be faster.

Agreements:

More discussion is needed for activation time.
It is agreed to reuse the existing deactivation time in R12 for LAA.

4 Interruptions
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.4
	R4-156046
	discussion
	RRM Requirements related to CA for LAA
	Ericsson

	7.13.4
	R4-156261
	discussion
	Interruptions with Carrier Aggregation in LAA
	Nokia


Proposals from companies:

	Companies
	Proposals

	R4-156046
Ericsson
	The following CA specific requirements will have to be defined for the LAA:

· SCell activation and deactivation Delay (section 7.7)

· The SCell deactivation procedure does not require the use of DRS, so the current requirements are likely to be reused.

· Interruptions with Carrier Aggregation (section 7.8)

· The existing interruption probability (0.5%) on SCells belonging to unlicensed SCC should be specified.

· The interruption on the PCell on licensed band caused by LAA SCells should be kept as small as possible e.g. interruption probability of 0.1%.

· Maximum Transmission Timing Difference in Carrier Aggregation (section 7.9)

· The current requirements of 30.26 µs defined in section 7.9 can be reused also for LAA.

	R4-156261
Nokia
	Proposal 1: Interruption requirements should be defined for LAA SCells within Rel-13 timeframe.

Proposal 2: Rel-12 interruption can be reused baseline when introducing interrupt requirements for LAA SCell in unlicensed spectrum.


Open issues and tentative agreements

· Interruptions probability on LAA SCells
· Option 1: Reusing the existing requirements (0.5%)
· Interruptions probability on PCells and SCells on licensed band
· Option 1: Shall be kept as small as possible e.g., 0.1%
· Option2: Reusing the existing requirements (0.5%)
Discussion:

QC: what is the basis for reducing the probability?
Ericsson: we’re talking about R13 where single chip implementation is not required.
Agreements:

5 Maximum Transmission Timing Difference
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.4
	R4-156046
	discussion
	RRM Requirements related to CA for LAA
	Ericsson


Proposals from companies:

	Companies
	Proposals

	R4-156046
Ericsson
	The following CA specific requirements will have to be defined for the LAA:

· SCell activation and deactivation Delay (section 7.7)

· The SCell deactivation procedure does not require the use of DRS, so the current requirements are likely to be reused.

· Interruptions with Carrier Aggregation (section 7.8)

· The existing interruption probability (0.5%) on SCells belonging to unlicensed SCC should be specified.

· The interruption on the PCell on licensed band caused by LAA SCells should be kept as small as possible e.g. interruption probability of 0.1%.

· Maximum Transmission Timing Difference in Carrier Aggregation (section 7.9)

· The current requirements of 30.26 µs defined in section 7.9 can be reused also for LAA.


Open issues and tentative agreements

· Maximum Transmission Timing Difference in Carrier Aggregation
· Option 1: The current requirements of 30.26 µs defined in section 7.9 can be reused also for LAA.
Discussion:

Agreements:

The current requirement of 30.26Us of receiving time difference is agreed for LAA.
6 Way Forward
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.13.4
	R4-155800
	other
	Way forward on LAA measurements
	Huawei

	7.13.4
	R4-155616
	other
	WF on RRM impacts of LAA
	Intel


Proposals from companies:
	R4-155800
Huawei
	· The side condition for DRS measurements in LAA could reuse -6dB as SCE

· RSRP accuracy shall be evaluated for the following candidate DRS structure,

· Rel-12 DRS for FDD 

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7) 

· For RSSI measurement

· Measurement observation window could be identical with measurement reporting period. 

· RSSI measurement timing configuration shall be compliable with gap configuration or be times of measurement gap.

· RSSI accuracy

·  In order to evaluate average RSSI accuracy, the understanding of what’s ideal RSSI from baseband perspective shall be aligned firstly. 

· The channel occupancy percentage report mapping shall be defined in TS 36.133. 

	R4-155616
Intel
	Upon the latest RAN1 agreements on DRS for LAA RRM measurements, we can propose:

· Proposal 1:  The requirements for RRM measurement (e.g. cell identification) in LAA can be specified by “X DMTC_period “assuming one successful DRS transmission within a DMTC period can be guaranteed.  

· Proposal 2:  The measurement accuracy requirements for LAA including the measurement bandwidth need to be further evaluated based on the finalized DRS design. 

Additionally for RSSI measurement in LAA, we propose:

· Proposal 1: The definition of LAA RSSI in Rel13 shall be clarified by RAN1 in order to differentiate with the legacy RSSI in [5].  

· Proposal 2:  RRM requirements on the measurement accuracy need to be specified for both average RSSI over averaging granularity and the percentage of time that average RSSI  above CCA threshold.   

· Proposal 3:  The requirements on RSSI measurements for both UE and eNB in LAA shall be considered in RAN4. 

· Proposal 4:  The requirements on the RSSI measurement delay in LAA shall be studied.  
· Proposal 5:  The requirements on the interruption due the RSSI measurement gap in LAA shall be specified.


Agreements:

R4-155800 is used as the baseline.
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