3GPP TSG RAN WG1 meeting #83                          R1-156859
Anaheim, USA, 15th - 22th November 2015
Agenda Item:
6.2.3.2
Source: 
LG Electronics

Title: 
RRM measurement in LAA
Document for:
Discussion and decision
1. Introduction

RRM measurement/report is one of the main functionalities modified/enhanced for LAA operation due to LBT operation and different interference characteristics in unlicensed carriers [1]. Regarding RRM measurement in LAA, the followings have been agreed [2]-[8].
Agreements (RAN1#79):
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

Agreements (RAN1 LAA ad hoc):
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion

Agreements (RAN1 LAA ad hoc):

· Design targets of LAA DRS includes at least

· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion
· Feasibility is for further evaluation
· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 
Agreements (RAN1#81):

· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion
· Note that at least LAA carrier bandwidth below 5 MHz is not supported

Agreements (RAN1#82):

· For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE
· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 
· The RSSI measurement timing configuration may be independently configured from the DMTC
· Note that RSSI is different from the existing RSSI
· FFS averaging granularity
· FFS additional RSSI measurement gap
Agreements (RAN1#82bis):
· The measurement duration (averaging granularity) for a single UE-reported RSSI measurement instance should be indicated to the UE:
· Support a minimum duration of one OFDM symbol
· Support a maximum duration of 5ms 
· Potential higher-layer filtering of multiple UE-reported RSSI measurement instances (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4). 

· A measurement gap duration (i.e. 6ms) may contain multiple measurement instances

· FFS: UE behaviour when a RSSI measurement instance overlaps with the transmission of the serving cell
· FFS: Intermediate averaging granularity values
In this paper, we discuss and propose principles for RRM measurements in LAA, especially regarding RSRP and RSSI measurement.
2. RSRP
Purpose of UE’s RSRP measurement and report for an LAA SCell is as follows:
· Providing network with information for LAA SCell configuration/de-configuration for a UE

· (For introduction of LAA UL in future releases) Estimating UL path-loss for UL power control

2.1. RSRP measurement for a serving cell
For a serving LAA cell, UE can measure RSRP from the CRS and CSI-RS which is included in DRS transmitted within DMTC configured by the serving cell

2.2. RSRP measurement for non-serving cells
· RSRP measurement for inter-operator LAA cells

It should be decided first whether UE should support DRS detection and RSRP measurement for inter-operator LAA cells in an unlicensed carrier.

If inter-operator DRS detection by UE is to be supported, UE should be able to detect inter-operator DRS without any synchronization in transmission timing with serving cell. Depending on the intra- or inter-frequency case, following operations may be supported.
· Intra-frequency case: UE may perform inter-operator DRS detection using any available timing independently of the configured DMTC

· Inter-frequency case: UE may perform inter-operator DRS detection using the following options.

· during the serving unlicensed cell is deactivated

· additional measurement gap for unlicensed carrier (the measurement gap may not interfere DL operation of a licensed carrier)
· RSRP measurement for intra-operator LAA cells 

For a synchronized intra-operator LAA cells, UE can perform DRS detection and RSRP measurement using configured DMTC.

For a non-synchronized intra-operator LAA cells, support of DRS detection and RSRP measurement may follows decision on the support of inter-operator DRS detection. That is, if inter-operator DRS detection is supported, non-synchronized intra-operator DRS detection can be supported by a same mechanism.

Suggestion 1: It should be decided whether UE should support DRS detection and RSRP measurement for inter-operator LAA cells in an unlicensed carrier.
· If DRS detection and RSRP measurement for inter-operator LAA cells are supported, DRS detection without DMTC and/or additional measurement gap for unlicensed carrier should be considered.
Suggestion 2: It should be decided whether UE should support DRS detection and RSRP measurement for non-synchronized intra-operator LAA cells in an unlicensed carrier
· If DRS detection and RSRP measurement for non-synchronized intra-operator LAA cells are supported, same mechanism for inter-operator LAA cells can be applied.
3. UE-reported RSSI

In the email discussion after RAN1#82bis, the following parameters were agreed for the RRC configuration of UE-reported RSSI and informed to RAN2.

· L1 averaging duration: 1, 70 (OFDM symbols)

· Note: RAN1 requests RAN2 to consider the possibility of direct reporting of L1 samples without any L3 averaging.
· measurement duration: 1, 70 (in unit of L1 averaging duration)

· Periodicity and subframe offset for measurement duration

· FFS: whether/how to support UE flexibility for measurement timing
· FFS: OFDM symbol offset (FFS: Whether configuration of this parameter is optional or mandatory)
While detailed design of the parameters above is up to RAN2 discussion, the following points should be discussed in RAN1.
· Additional L1 averaging duration or measurement duration
· support of flexible measurement timing

· support of OFDM symbol offset for flexible measurement timing

In this section, we show our views on those topics.
Additional L1 averaging duration or measurement duration
With currently agreed L1 averaging duration 1 and 70 (OFDM symbols), measurement duration 1 and 70 (L1 averaging instances), and additional possible L3 averaging duration, combinations in table 1 are possible.
Table 1. Combination of L1 averaging duration, measurement duration and L3 averaging duration

	
	L1 averaging

duration
	Measurement

duration
	L3 averaging

duration
	Notes

	Comb.1
	1
	1
	1 (L3 averaging off)
	Reporting single L1 RSSI value on single OFDM symbol

	Comb.2
	1
	70
	1 (L3 averaging off)
	Reporting single RSSI statistics over 70 L1 RSSI values per OFDM symbol

[or, reporting 70 L1 RSSI values per OFDM symbol]

	Comb.3
	70
	1
	1 (L3 averaging off)
	Reporting single L1 RSSI value averaged over 70 OFDM symbols

	Comb.4
	70
	70
	1 (L3 averaging off)
	No meaning since measurement duration is larger than measurement gap duration

	Comb.5
	1
	1
	y > 1
	Reporting single L3-averaged RSSI value of y L1 RSSI values on single OFDM symbol

	Comb.6
	1
	70
	y > 1
	Reporting single RSSI statistics over y*70 L1 RSSI values per OFDM symbol

	Comb.7
	70
	1
	y > 1
	Reporting single L3-averaged RSSI value of y L1 RSSI values averaged over 70 OFDM symbols, or

Reporting single RSSI statistics over y L1 RSSI values averaged over 70 OFDM symbols

	Comb.8
	70
	70
	y > 1
	No meaning since measurement duration is larger than measurement gap duration


In the above, comb.4 or comb.8 cannot be used since L1 measurement duration exceeds measurement gap duration of 6ms. Comb.1 may not be much meaningful. Reporting 70 L1 RSSI samples as written in brackets in comb.2 may incur too much signaling overheads. In any cases, applicability of each combination can be discussed in RAN2.
Considering remaining meaningful combinations, such as com.2/3/5/6/7 in the table, we consider the followings.

· For single average RSSI report, additional resolution between 1 OFDM symbol and 5 subframes may be beneficial if eNB wants to check its non-transmission period or transmission period intentionally. 14 symbols may be acceptable for both L1 averaging duration and measurement duration.

· Multiple L1 RSSI report may not be beneficial since the RSSI information per single OFDM symbol in a specific time instance may not be much meaningful. UE’s hidden node situation should be inferred from other more stable side information. However, it is up to RAN2 discussion. If RAN2 agrees not to introduce reporting multiple L1 RSSI values, measurement duration larger than 1 will be applicable only for reporting RSSI statistics (channel occupancy based on RSSI).
Suggestion 3: 14 symbols may be introduced for both L1 averaging duration and measurement duration.

Observation 1: Multiple L1 RSSI values report may not be beneficial.

Support of flexible measurement timing

While impact of periodic interference source can be handled by RRC reconfiguration of periodicity of RSSI report, flexible RSSI measurement timing can be beneficial to avoid periodic interference source without RRC reconfiguration. So it is acceptable if flexible RSSI measurement timing can be introduced without complex randomization function or additional RRC signaling. One way is to allow RRC parameter measurement period/offset can indicate “no restriction to RSSI measurement period and offset” so that UE can pick any timing for RSSI measurement within measurement gap or even without restriction of measurement gap if it is serving carrier.
Suggestion 4: If necessary, flexible RSSI measurement timing can be implemented by allowing RRC parameter measurement period/offset indicates “no restriction to RSSI measurement period and offset”
Support of OFDM symbol offset for measurement timing

OFDM symbol timing within a subframe for RSSI measurement may have to be decided to a limited position or flexible position within a subframe when both the L1 averaging duration and measurement duration are configured as 1 OFDM symbol. If OFDM symbol position for RSSI measurement should be limited, it could be defined as last OFDM symbol as default considering CCA gap can reside in last a few symbols in a subframe without introducing additional RRC parameter. It should be noted that in the current structure of RRC configuration of RRM measurement and report, eNB cannot know where the UE has actually measured the RSSI value since there is no strict definition of relationship between UE’s measurement timing and reporting timing, even if L3 averaging function is disabled.
Suggestion 5: For the case where both the L1 averaging duration and measurement duration are configured as 1 OFDM symbol, if OFDM symbol position for RSSI measurement should be limited, last OFDM symbol within a subframe can be defined as default position without additional RRC parameter for OFDM symbol offset
4. Summary and conclusions

In this paper, we discuss the RRM measurements for LAA DL. Suggestions and observations of this paper are summarized as follows.
Suggestion 1: It should be decided whether UE should support DRS detection and RSRP measurement for inter-operator LAA cells in an unlicensed carrier.
· If DRS detection and RSRP measurement for inter-operator LAA cells are supported, DRS detection without DMTC and/or additional measurement gap for unlicensed carrier should be considered.
Suggestion 2: It should be decided whether UE should support DRS detection and RSRP measurement for non-synchronized intra-operator LAA cells in an unlicensed carrier
· If DRS detection and RSRP measurement for non-synchronized intra-operator LAA cells are supported, same mechanism for inter-operator LAA cells can be applied.
Suggestion 3: 14 symbols may be introduced for both L1 averaging duration and measurement duration.

Observation 1: Multiple L1 RSSI values report may not be beneficial.
Suggestion 4: If necessary, flexible RSSI measurement timing can be implemented by allowing RRC parameter measurement period/offset indicates “no restriction to RSSI measurement period and offset”
Suggestion 5: For the case where both the L1 averaging duration and measurement duration are configured as 1 OFDM symbol, if OFDM symbol position for RSSI measurement should be limited, last OFDM symbol within a subframe can be defined as default position without additional RRC parameter for OFDM symbol offset
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