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1 Introduction

Ran4 has discussed on intra-frequency cell detection time and measurement period including side condition. Currently, there are 2 different measurement periods depending on side condition. It makes big issue, i.e., ambiguity how to decide measurement period in UE behavior. This paper analyzes the ambiguity and provides our view. In addition, we provide possible assumption of searching widow to reduce power consumption and complexity in cell searcher.  
2 Discussion
Currently, requirements for intra-frequency cell identification delay and measurement period with FS3 are specified as follows.

· Intra-frequency cell identification delay 
· Tidentify_intra_FS3 = Tdetect intra_FS3 + Tmeasure intra_FS3_CRS
· UE shall be able to identify a new detectable FS3 intra-frequency cell within Tidentify_intra_SCE.
· Measurement period 
· Tmeasure intra_FS3_CRS
· The UE shall be capable of performing RSRP and RSRQ measurements for 3 identified intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers within the measurement period of Tmeasure_intra_FS3_CRS.
And, Tdetect intra_FS3  and Tmeasure intra_FS3_CRS  are specified for no DRX case as following tables. 

Table 8.11.2.1.1.1-1: Intra-frequency cell detection under operation with frame structure 3
	SCH Ês/Iot
	Tdetect intra_FS3, [ms]

	[0] ≤ SCH Ês/Iot
	([1]+L) * TDMTC_periodicity

	[-6] ≤ SCH Ês/Iot < [0]
	([4]+L) * TDMTC_periodicity


Table 8.11.2.1.1.1-2: Intra-frequency measurement requirements under operation with frame structure 3
	Measurement bandwidth [RB]
	CRS Ês/Iot
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	Tmeasure_intra_FS3_CRS [ms]
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6
	[0] ≤ CRS Ês/Iot
	1
	([3]+M) * TDMTC_periodicity
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6
	[-6] ≤ CRS Ês/Iot < [0]
	1
	([5]+M) * TDMTC_periodicity
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25
	[0] ≤ CRS Ês/Iot
	1
	([1]+M) * TDMTC_periodicity
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25
	[-6] ≤ CRS Ês/Iot < [0]
	1
	([3]+M) * TDMTC_periodicity


Here, L is the number of configured discovery signal occasions which are not available during Tdetect intra_FS3 for cell detection at the UE due to the absence of the necessary radio signals.

M is the number of configured discovery signal occasions which are not available during Tmeasure_intra_FS3_CRS for the measurements at the UE due to the absence of the necessary radio signals.
This requirement for measurement period allows 2 different values per measurement bandwidth. It can raise ambiguity in UE behaviour. For explanation, we assume that there are 2 LAA Scells(Cell1, Cell2) with same secondary carrier frequency and the side conditions are 0dB and -6dB for Cell1 and Cell2 respectively. Based on the assumption, we analyze following aspects.
(1) Complexity & Power consumption during Cell detection
In the side condition, UE can detect Cell1 with 1 trial and detect Cell2 within 4 trials excluding number of LBT occurrence from Table 8.11.2.1.1.1.1-1. UE does not know that DRS is transmitted at which sub-frame in DMTC duration. So UE has to perform cell searcher at every sub-frame in DMTC duration to detect DRS from the Cells. It increases power consumption comparing with the legacy DRS in which cell searcher is performed at only fixed known sub-frame in DMTC duration.  
Here, we need to think about searching window to reduce power consumption. The reason is that if it is possible for UE to assume a short searching window of  +/-30.26us from reference DL time of Pcell, it can reduce power consumption and implementation complexity in cell searcher. It is possible assumption at UE side, because LAA Scell is synchronized with Pcell  in Rel-13 and the cell searcher in DRS is only for searching LAA Scell. 
Observation 1 : Cell searcher is performed at every sub-frame in DMTC duration due to LBT operation and it increases power consumption comparing with the legacy DRS.

Observation 2 : Regarding synchronization operation in Rel-13 LAA, UE can assume a searching window of +/-30.26us and it can reduce power consumption as well as implementation complexity in cell searcher.
(2) Cell detection time vs. Side condition
Cell detection time is separated into ([1]+L) * TDMTC_periodicity  and ([4]+L) * TDMTC_periodicity depending on SCH Es/Iot. For simplicity,  we assume that DRS is transmitted at any sub-frame in DMTC duration(L=0).
In case of SCH Es/Iot = 0dB, UE can detect Cell1 within one DMTC duration.

In case of SCH Es/Iot = -6dB, UE can detect Cell2 within 4 DMTC durations, i.e., fail-fail-fail-success.  
From UE point of view, UE does not assume to estimate SCH Es/Iot so that UE does not perform some kinds of different operation in cell searcher according to the side condition. An expected operation is that UE performs measurement of corresponding RSRP to complete cell identification in the next DMTC duration after detection of Cell1 in 1st DMTC duration or Cell2 in 4th DMTC duration.
In a cell detection stage, UE is not sure if there is only one cell or more and if the corresponding SCH Es/Iot is enough high so that it can move to the measurement step. In that sense, UE has to be able to estimate and monitor something to do with SCH Es/Iot which has not been considered from UE implementation point of view. Furthermore, taking into account that UE shall be capable of performing cell detection and measurement for multiple cells at a time, inter-cell management function will be much more complicated because each cell may have difference side conditions. This is a totally different cell detection implementation from the previous one and may increase the number of possible ways to accumulate RSRPs and the UE complexity prohibitively.
Observation 3 : UE does not perform an estimation of side condition in general.
Observation 4 : UE does not perform some kinds of different operation in cell searcher according to the side condition.
(3) Measurement period vs. Side condition
Measurement period is separated into 2 different values depending on CRS Es/Iot per measurement bandwidth. In case of 6RB, it is separated into ([3]+M) * TDMTC_periodicity  and ([5]+M) * TDMTC_periodicity . And in case of 25RB, it is separated into ([1]+M) * TDMTC_periodicity  and ([3]+M) * TDMTC_periodicity. For simplicity, we assume that DRS is transmitted at any sub-frame in DMTC duration(M=0). Table 2.1 shows the cell identification delay. 
Table 2.1: Cell identification delay
	Cell identification delay 

(x* TDMTC_periodicity)
	6RB
	25RB

	
	SCH Es/Iot
	SCH Es/Iot

	
	-6
	0
	-6
	0

	CRS Es/Iot
	-6
	[4] + [5]
	[1] + [5]
	[4] + [3]
	[1] + [3]

	
	0
	[4] + [3]
	[1] + [3]
	[4] + [1]
	[1] + [1]


As seen in the table 2.1, 8 different cell identification delays exist according to combination of measurement bandwidth, SCH Es/Iot  and CRS Es/Iot. 
Regarding a general UE behavior such as observation 3, it can raise ambiguity how to decide a proper measurement period. The ambiguity can be even occurred in UE with having an estimator of side condition, since side condition is changed and not constant. 
For example, for measurement bandwidth of 6RB what is a proper measurement period of RSRP, 5 or 3?   To remove the ambiguity, it is desirable to use a common measurement period at all range of side condition. Here, we split into 2 different side conditions for analysis of common measurement period. 
One thing is to assume side condition CRS_Es/Iot ≥-6dB.  

If using the common measurement period of 3 sub-frames, the current measurement accuracy cannot be met at -6dB. To meet it, the current requirement should be loosened at -6dB as option1 and option2 below. Option1 is to have 2 different absolute RSRP measurement accuracy requirements depending on side condition such as +/- [4.5]dB at CRS_Es/Iot ≥ 0dB and +/-([4.5]+X)dB at -6dB ≤ CRS_Es/Iot < 0dB. Option2 is to loosen measurement accuracy such as +/-([4.5]+X)dB at -6dB ≤ CRS_Es/Iot. Here, option 2 is not recommended, since it loosens measurement accuracy at 0dB even though being not necessary
If using the common measurement period of 5 sub-frames, the current measurement accuracy can be met at both -6dB and 0dB as option4 below. However, it is also not recommended, since long measurement period is not necessary at 0dB.
The other thing is to assume side condition CRS_Es/Iot ≥0dB as option 3 below. In this case, the current measurement accuracy requirement can be met with 3 sub-frames.  It does not allow low side condition. 
Following is the summarized options.
· Option 1 

· Side condition : x ≥ -6dB

· 6RB≤mBW<25RB :  a common measurement period of 3 & 2 measurement accuracies, for -6≤x<0, 0≤x
· 25RB ≤mBW          :  a common measurement period of 1 & 2 measurement accuracies ,for -6≤x<0, 0≤x
· Option 2

· Side condition : x ≥ -6dB

· 6RB≤mBW<25RB :  a common measurement period of 3 & loosening measurement accuracy, for -6≤x
· 25RB ≤mBW          : a common measurement period of 1 & loosening measurement accuracy, for -6≤x
· Option 3

· Side condition : x ≥ 0dB

· 6RB≤mBW<25RB :  a common measurement period of 3, for 0≤x

· 25RB ≤mBW          :  a common measurement period of 1, for 0≤x

· Option 4 

· Side condition : x ≥ -6dB

· 6RB≤mBW<25RB :  a common measurement period of 5 
· 25RB ≤mBW          :  a common measurement period of 3 

Observation 5 : The current 2 different measurement periods depending on side condition raises ambiguity how to adapt a proper measurement period among them in UE side.
Another issue can be brought up regarding UE behavior. 

According to the current DMTC configuration, DMTC periodicity can be as long as 160msec. Besides, DRSs in LAA can be skipped over several consecutive DMTC windows because of LBT. Given that valid DRSs can be spread over a fairly long time, CRS Es/Iot can vary as much as 6dB and UE may get so confused that it cannot determine if accumulation is needed or not. 

Observation 6 : When DRSs in LAA is skipped over several consecutive DMTC windows because of LBT, CRS Es/Iot can vary as much as 6dB.

Based on these analysis and observations, we propose as follows.
Proposal 1 : A common measurement period per measurement bandwidth should be specified for the requirement to remove the ambiguous UE behaviour.

Proposal 2 : If CRS Es/Iot ≥ -6dB is defined as side condition, 2 different measurement accuracy requirements can be considered such as +/- [4.5]dB at CRS_Es/Iot ≥ 0dB and +/-([4.5]+X)dB at -6dB ≤ CRS_Es/Iot < 0dB.

Proposal 3 : If CRS Es/Iot ≥ 0dB is defined as side condition,  the legacy measurement accuracy requirements can be reused.

Proposal 4 : To decrease power consumption and complexity of implementation in cell searcher, UE can assume the searching window of +/-30.26us with reference DL sub-frame of Pcell  to detect DRS in Rel-13 LAA.

3 Conclusion

In this paper, we analyzed the ambiguity of the current measurement periods and searching window to detect DRS in Rel-13 LAA. Based on these, we made some observations.

Observation 1 : Cell searcher is performed at every sub-frame in DMTC duration due to LBT operation and it increases power consumption comparing with the legacy DRS.

Observation 2 : Regarding synchronization operation in Rel-13 LAA, UE can assume a searching window of +/-30.26us and it can reduce power consumption as well as implementation complexity in cell searcher.

Observation 3 : UE does not perform an estimation of side condition in general.
Observation 4 : UE does not perform some kinds of different operation in cell searcher according to the side condition.

Observation 5 : The current 2 different measurement periods depending on side condition raises ambiguity how to adapt a proper measurement period among them in UE side.

Observation 6 : When DRSs in LAA is skipped over several consecutive DMTC windows because of LBT, CRS Es/Iot can vary as much as 6dB.

Based on these analysis and observations, we propose as follows.

Proposal 1 : A common measurement period per measurement bandwidth should be specified for the requirement to remove the ambiguous UE behaviour.

Proposal 2 : If CRS Es/Iot ≥ -6dB is defined as side condition, 2 different measurement accuracy requirements can be considered such as +/- [4.5]dB at CRS_Es/Iot ≥ 0dB and +/-([4.5]+X)dB at -6dB ≤ CRS_Es/Iot < 0dB.

Proposal 3 : If CRS Es/Iot ≥ 0dB is defined as side condition,  the legacy measurement accuracy requirements can be reused.

Proposal 4 : To decrease power consumption and complexity of implementation in cell searcher, UE can assume the searching window of +/-30.26us with reference DL sub-frame of Pcell  to detect DRS in Rel-13 LAA.
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