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1 Introduction
Single shot and multi-shot requirements for LAA cell detection and measurements were agreed in RAN4#77 in [1]. However, in the last meeting (RAN4#78), it was discussed between several companies that the agreed requirements seem not to be fully feasible. Covering single shot and multi-shot requirements simultaneously, or more precisely, guaranteeing LAA operation in both high (≥0 dB) and low (≥-6 dB) SINR conditions, was considered troublesome.
After long discussions both online and offline, an unambiguous solution was not found, so companies were encouraged to bring proposals of a working solution for LAA cell detection and measurement requirements to RAN4#78bis meeting. In this contribution, we present our proposal.
2 Discussion
The agreed values for LAA cell detection and measurements are presented in the following tables ([1], [2]):
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]

	
6
	[0] ≤ CRS Ês/Iot
	1
	([3]+M) * TDMTC_periodicity

	
6
	[-6] ≤ CRS Ês/Iot < [0]
	1
	([5]+M) * TDMTC_periodicity

	
25
	[0] ≤ CRS Ês/Iot
	1
	([1]+M) * TDMTC_periodicity

	
25
	[-6] ≤ CRS Ês/Iot < [0]
	1
	([3]+M) * TDMTC_periodicity



The problem with the agreed requirements lies in the combination of two different SINR side conditions, and two types of cell detection and measurement requirements i.e. single and multi-shot. The discussion in RAN4#78 concentrated mainly on the following two issues:
1. Is cell detection necessary for each measurement? It was largely discussed, whether cell detection would actually need to be done each time a single measurement is done. Meaning, would it be necessary to scale the DRS measurement requirement for FS3 with the amount of DRS needed for cell detection.
2. It is difficult for the UE to know under which conditions to operate. UE does not know in which SINR condition it is operating before it has actually performed measurements.
Many possible solutions were discussed during the meeting, but each solution seemed to raise other issues. In the following, we handle the abovementioned issues separately.
Cell detection vs. DRS verification
LAA DRS consists of the 12 first symbols of Rel-12 DRS. It contains PSS, SSS, CRS and optionally CSI-RS symbols. DRS can be transmitted within a 6 ms DMTC period, which occurs every 40, 80 or 160 ms. RAN1 has decided that UE is only to measure RSRP and RSRQ during DMTC, under the condition that the UE can verify DRS to be present. 
In Rel-12, DRS position within the DMTC is fixed between different DMTCs, which means that once the position has been detected, the UE knows that in the following DMTC the DRS will occur at the same position i.e. exactly 40, 80 or 160 ms later. In LAA, DRS can be located in any of the subframes within the DMTC, and the position of the DRS between different DMTCs is not fixed. In LAA, LBT may additionally block eNodeB from transmitting within the whole DMTC, so DRS may not be available at all. Therefore the UE needs to search for the DRS within each DMTC. 
Because of the changing DRS position, the UE needs to verify in which subframe the DRS occurs each time before it can measure CRS and perform RSRP/RSRQ measurements (or if DRS occurs at all). The question raised and discussed is, does the UE need to do a full cell detection procedure each time to confirm the DRS presence even when the cell has been detected and is known by the UE, or is a lighter version of DRS verification possible after that.
When considering verifying the DRS presence within DMTC, the options would be:
Option 1. [image: ]A full cell detection, i.e. blind search prior to actually detect the cell, is needed each time a single measurement is done. Thus, with side condition being -6 dB ≤ CRS Ês/Iot < 0 dB, cell detection with 4 DRS and measurements with 5 DRS would actually require 4×5=20 DRS occasions for each single LAA RSRP/RSRQ measurement period, as is shown in Figure 1. This would even with the minimum DMTC periodicity of 40 ms and with no LBT interruption lead to measurement period as high as 800 ms. [bookmark: _Ref446333551]Figure 1: A full cell detection needed for each measurement (LBT impact and possible DRS misdetection are not taken into account in the picture).


Option 2. A full cell detection is only required once, and after that verification of DRS presence (here based on a single DRS) is enough for each measurement. In low SINR conditions, cell detection with 4 DRS occurrences and measurement period with 5 DRS occurrences would then mean 4 DRS for initial cell detection and the first measurement, and 1 DRS for each of the following 4 (5-1) measurements, i.e. 4+4=8 DRS for measurements as in Figure 2.

[image: ]
[bookmark: _Ref446333565]Figure 2: Only initial cell detection requires 4 DRS, after that measurements can be done based on 1 DRS by only verifying DRS presence (LBT impact and possible DRS misdetection are not taken into account in the picture).

To be able to choose the best option for LAA, the difference between initial cell detection and verifying DRS presence after that needs to be clarified. 
When the UE does initial cell detection, rough time-frequency synchronization has not been done, so the UE needs to search for PSS/SSS blindly. After that, even though the DRS may occur in any of the six subframes within a DMTC (or not in any of them), the UE still knows where the subframes begin and end. The UE needs to check each of the six subframes within the DMTC, and verify if DRS is present in some of them. Whether this can be done reliably enough based on a single DMTC in low SINR conditions, or if for example two DMTCs are needed, is another issue. Anyhow, regardless of which option is being discussed, the described issue only occurs, if multiple DRS are allowed for cell detection.

Multiple side conditions 
When measurement requirements are specified for two different side conditions, high (≥0 dB) and low (≥-6 dB) SINR, the UE obviously needs to know which conditions to follow. The problem is that the UE can only know the SINR level after it has already measured. 
If the SINR level changes between high and low between the measured DRSs, the UE would in theory need to keep track of the measurement conditions to be able to tell how many samples are needed for reporting. A simplified example situation is shown in Figure 3. The example assumes single shot cell detection and no LBT interruption. SINR level is > 0 dB for two first measured DRS, but < 0 dB for the third. Three DRS (as required for CRS Ês/Iot ≥ 0 dB and 6 PRB measurement BW) would not be enough, because the last sample would not fulfil high SINR conditions. But if the fourth DRS does fulfil high SINR conditions as in the picture, would the UE report based on DRS 1, 2 and 4 or does it wait for the fifth DRS to report based on 1, 2, 3, 4 and 5 (as required for -6 ≤ CRS Ês/Iot < 0 and 6 PRB measurement BW)? This type of behaviour might be complicated for the UE.
[image: ]
[bookmark: _Ref446584579]Figure 3: SINR conditions changing between different DRS.
Conclusion
Based on the discussion above, specifying requirements for two different side conditions seems quite troublesome from both cell detection and measurement point of view. Specifying multi-shot cell detection in low SINR conditions would either require:
1. a really long measurement period (full cell detection for each measurement) or
2. investigating, how reliably DRS presence could be verified after initial cell detection has been done, i.e. how many DMTC are needed for DRS verification.
Deciding about the amount of DMTC needed for DRS verification may need simulation support, but this aspect has not been discussed in RAN4 so far. So in order to be able to close the LAA core part in RAN4#78bis, including multi-shot cell detection seems hard. On the other hand, having multiple side conditions for measurements seems complicated from UE implementation point of view. Because of these complications, we propose the following:
Proposal 1: Specify only high SINR (CRS/CSI-RS/SCH Ês/Iot ≥ 0 dB) requirements for cell detection and measurements in Rel-13. 
Proposal 2: Leave low SINR (-6 ≤ CRS/CSI-RS/SCH Ês/Iot < 0) requirements for later releases.
The requirements in Rel-13 would with this approach be:
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



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]

	
6
	0 ≤ CRS Ês/Iot
	1
	(3+M) * TDMTC_periodicity

	
25
	0 ≤ CRS Ês/Iot
	1
	(1+M) * TDMTC_periodicity



This approach is presented in our CR [3].
3 Summary
In this contribution we have presented our solution for LAA cell detection and measurement requirements. Based on the discussion about problems in multi-shot requirements and supporting two side conditions simultaneously, we have proposed the following:
Proposal 1: Specify only high SINR (CRS/CSI-RS/SCH Ês/Iot ≥ 0 dB) requirements for cell detection and measurements in Rel-13. 
Proposal 2: Leave low SINR (-6 ≤ CRS/CSI-RS/SCH Ês/Iot < 0) requirements for later releases.
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