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1 
Introduction
The work item of “Licensed-Assisted Access to Unlicensed Spectrum” was approved in RAN#68[1]. The main objectives of this work item are captured below:

	To specify support for the following functionalities:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)

· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for carrier selection (RAN1, RAN2)

· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)

· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)

· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)


According to [3], at least the following functionalities are required for a LAA system: 
	· Listen-before-talk 
· Discontinuous transmission on a carrier with limited maximum transmission duration

· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Carrier selection



Therefore, as the first stage of RRM discussions in RAN4, in this contribution we provided a high level overview of UE RRM requirements impacts for LAA from several aspects below.
i. RSRP/RSRQ measurements

ii. Cell identification
iii. AGC setting
iv. SCell activation and deactivation
2 Discussion 
In [3] the most important functionalities required by LAA system include: 

· Listen-before-talk (LBT): The listen-before-talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. 
· Discontinuous transmission on a carrier with limited maximum transmission duration: In unlicensed spectrum, channel availibility cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the maximum duration of a transmission burst in the unlicensed spectrum. Hence, discontinuous transmission with limited maximum transmission duration is a required functionality for LAA.
Observation 1: As SCells in LAA are subject to both LBT and discontinuous transmission restrictions, the periodic transmission of reference signal in SCells for RRM measurements, synchronization and AGC can’t be guaranteed. Thus the specific RRM requirement impacts in LAA shall be studied. 

Furthermore, since the reference signal in the unlicensed bands, which is needed by RRM measurements, cell identification and AGC adjustment, is likely more sensitive to Doppler shift than that in the licensed bands, these requirement for LAA SCell in the unlicensed carrier may be needed to be relaxed.  

Observation 2: The RRM requirement (e.g. RSRP/RSRQ measurement and cell identification delay) could be potentially relaxed due to the more severe wireless propagation condition in the unlicensed bands.
More specially regarding to the Rel-12 Discovery Reference Signals (DRS) can be used as a starting point for providing RRM functionality including cell identification, some modifications on Rel-12 DRS signal and/or transmission/reception may be necessary to support RRM functionality for LAA. Although up to now, the discovery signal for LAA is still under discussion in RAN1/2, the following potential impacts of UE RRM requirements depending on DRS in LAA can be anticipated:

i. RSRP/RSRQ measurements based on DRS: 

· Measurement side condition
The side condition defines the SINR level when proceeding measurement test cases. In principle, the proper RSRP/RSRQ measurement side condition applied for the corresponding measurement accuracy requirements should be derived by the realistic system level simulation results. For example, in Rel12 SCE, system level evaluations for small cell on/off which are very useful to obtain the proper side conditions were extensively discussed [4].
Particularly, for LAA it is recommended that eNB can access the channel in the unlicensed carrier when detection energy over this channel is below a specific threshold. Up to the LBT successful, the discovery signal can be transmitted. Thus the interference level during the DRS occasion can be much lower than that of when small cell on/off in Rel12 SCE [3]. Additionally regarding to the unlicensed carriers deployment in LAA , the network topology and the number of realistic interference cells shall be much diverse from that of SCE in Rel12 also. 

Proposal 1:  The measurement side condition in LAA shall be reconsidered because the different interference source and power level are different.
· Measurement sampling rate and bandwidth

Up to last RAN1 meeting, a single DRS occasion for RRM measurement was agreed [5]. Meanwhile increasing the density of CRS and CSI-RS for RRM measurements in one DRS subframe would be beneficial to improve the measurement accuracy. Thus for LAA the minimum measurement bandwidth is 5MHz [6] at least. Take the case with 200ms measurement period as an example, the total available CRS RE per measurement sampling can be high as “25*8”. As a result in LAA the similar DRS density as that of SCE in Rel12 (which is about “6*8*5”) can be obtained. Hence even the detailed DRS design in LAA is still under RAN1 discussion, it is possible to use the similar measurement accuracy requirements as in Rel12 at least thanks to the wider measurement bandwidth. 
However on the other hand, if there is only one DRS occasion within a measurement period, the benefit of multiple DRS measurement samplings and L1 measurement filtering for Rel12 SCE may be vanished.  
Therefore, further analysis and evaluation on whether the RSRP/RSRQ measurement accuracy for SCE in Rel12 can be reused for LAA in Rel13 are still needed. 
Proposal 2:  The measurement accuracy requirements for LAA need to be further evaluated based on the finalized DRS design.
ii. Cell identification delay
In Rel12 SCE, the cell identification delay in terms of maximum allowed cell identification depends on DMTC period particularly in which PSS/SSS/CRS/CSI-RS can be transmitted. For example when no DRX is in use the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra_SCE as shown below [7].
Tidentify_intra_SCE = 12* TDMTC_periodicity + TMeasurement_Period _intra_FDD_CRS
And TDMTC_periodicity is the discovery signal measurement timing configuration periodicity of higher layer. TMeasurement_Period _intra_FDD_CRS is the intra-frequency period for measurements which are also related on TDMTC_periodicity.
Note that in LAA the cell detection and measurement can be performed when LAA discovery signal (DRS) available. However for LAA SCell the periodic DRS can’t be guaranteed as explained in Observation 1. 

Observation 3:  As no periodic DRS transmission in LAA, the methodology to define cell identification delay in Rel12 SCE relying on TDMTC_periodicity is infeasible for LAA in Rel13.
Proposal 3:  For LAA, the cell identification requirements can be specified independent with DRS periodicity.
iii. SCell activation and deactivation requirements
In current TS36.133 [7], the requirements on SCell activation and deactivation delay depend on both the successful CSI report and valid measurement reports. Hence if the same procedure to activated/de-activated SCell in LAA is used, these requirements on SCell activation and deactivation delay shall be extended since the measurement reporting delay (including cell identification time) will be impacted in LAA as well.

Proposal 4:  The impacts on SCell activation and deactivation delay requirements in LAA shall be also re-investigated.
iv. AGC
In Rel13 LAA, because of LBT and discontinuous transmission on SCells it seems infeasible to guarantee the successful DRS transmission for AGC adjustment at every DRS occasion either. For example, if there is some LBT failure, more than one DRS period (e.g. 40ms, 80ms, 160ms) is needed for corresponding AGC adjustment. In other words, if the duration between the two adjacent subframes in which AGC gain shall be estimated is too large, the last AGC gain reporting may be expired and invalid any more especially in case of fast timing variant channel. 
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Figure 1. Option 1 for AGC gain updating in LAA 
Alternatively, UE could adjust AGC for Scells based on DRS within the same DMTC period as data as shown in Figure 2. 
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Figure 2. Option 2 for AGC gain updating in LAA 
However, in order to fulfill this alternative option the AGC gain shall be converged to the target power level in very short duration (e.g. less than one OFDM symbol). Thus it is challenging to implement such mechanism in case of LAA with LBT failure because the synchronization timing for SCell can’t be maintained without the period reference signal/data. 

Therefore, one potential problem for AGC in LAA from RAN4 perspective can be identified as: 

Observation 4:  In LAA, the LBT failure and discontinuous DRS transmission will impact the proper AGC gain over the longer period.  
Other issue for AGC in LAA raised from RAN1 to investigate was the feasibility of AGC gain for SCell based on PCell DRS[8]. In our view, the LAA SCell in unlicensed carrier (e.g. 5GHz) will have a significantly different power level because:

· The different path loss in PCell and SCell

In principle the path loss in the free space propagation environment can be represented as [9]: 
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Where in, 
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 is the wavelength of the measurement carrier and 
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 is the transmitter-receiver distance. 

The distinct path loss level between PCell and SCell in LAA can be observed obviously because of different carrier frequency even for the co-located PCell and SCell. 
· The transmission power difference: Typically there is huge gap between the transmission power of eNB in PCell and WiFi AP in SCell.
Observation 5: The AGC gain estimation based on the PCell reference signal can’t be simply applied to SCell in LAA.
In summary, the overall potential RRM impacts for LAA can be listed below: 
	RRM aspects
	Impacts in LAA

	Measurement side conditions
	Shall be reconsidered because of the different interference level.

	RSRP/RSRQ measurement accuracy 
	Need to be re-evaluated as the reference signal density over timing and frequency domain changed. 

	Cell identification delay
	Can be defined independent with DRS periodicity.

	SCell activation/deactivation delay requirements
	Shall be impacted due to reference signal for measurement and CSI reporting.

	AGC
	The AGC setting timing for LAA SCell need to be extended, which could impact other relevant RRM requirements (e.g. SCell activation timing).


3 Conclusion
In this contribution, the overview of RRM requirements impacts in LAA is provided and the following observations and proposals can be drawn: 
Observation 1: As SCells in LAA are subject to both LBT and discontinuous transmission restrictions, the periodic transmission of reference signal in SCells for RRM measurements, synchronization and AGC can’t be guaranteed. Thus the specific RRM requirement impacts in LAA shall be studied.
Observation 2: The RRM requirement (e.g. RSRP/RSRQ measurement and cell identification delay) could be potentially relaxed due to the more severe wireless propagation condition in the unlicensed bands.
Proposal 1:  The measurement side condition in LAA shall be reconsidered because the different interference source and power level are different.

Proposal 2:  The measurement accuracy requirements for LAA need to be further evaluated based on the finalized DRS design.
Observation 3:  As no periodic DRS transmission in LAA, the methodology to define cell identification delay in Rel12 SCE relying on TDMTC_periodicity is infeasible for LAA in Rel13.

Proposal 3:  For LAA, the cell identification requirements can be specified independent with DRS periodicity.
Proposal 4:  The impacts on SCell activation and deactivation delay requirements in LAA shall be also re-investigated.
Observation 4:  In LAA, the LBT failure and discontinuous DRS transmission will impact the proper AGC gain over the longer period.

Observation 5: The AGC gain estimation based on the PCell reference signal can’t be simply applied to SCell in LAA.
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