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1. Introduction

At the RAN1#79 meeting, issues related to UE measurements and synchronization were discussed and agreed as below [1].
· 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
In addition, at the RAN1#80 meeting, how to support an efficient discontinuous transmission even with short burst length limitation was discussed and agreed as below [2]. 
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)

In this contribution, we discuss issues related to RRM measurement and synchronization in LAA. For RRM measurement, possible options for DRS transmission scheme are discussed and initial evaluation for those options is presented.
2. Discussion on RRM Measurement for Unlicensed Carriers
In LTE system, PSS/SSS/CRS are transmitted periodically for the synchronization and RRM measurement including the cell identification. In Rel-12 SCE discussion, the discovery signal (DRS) is introduced for the same purposes in the small cell operation, e.g., small cell on/off and shared cell ID operation. At the RAN1 #79 meeting, Rel-12 DRS has been agreed as the starting point for at least RRM measurement including cell identification for unlicensed carriers. Considering the different regulatory requirements in different regions, two possible approaches for RRM measurement can be considered and discussed as follows.

LBT-exempt transmission of DRS 

For the purpose of fast cell discovery, time/frequency synchronization and measurement, it would be better that signals for those purposes are transmitted periodically by LAA eNBs even when there is no packet data transmission and/or when the LBT result is busy. We can call those signaling as LBT-exempt transmission. The benefits of introducing LBT-exempt transmission are obvious. Many of UE implementations for synchronization and measurement in LTE can be reused for LAA since the UE can assume the periodic transmission of reference signals from eNB as in LTE.
In European regulatory requirements, Short Control Signaling (SCS) are specified so that some management and control frames (e.g., ACK/NACK signals) can be transmitted without sensing the channel. The limit is that SCS transmission shall have a maximum duty cycle of 5% within an observation period of 50 ms. Therefore, in some regions, LBT-exempt transmission of DRS can be supported for LAA. However, the periodicity/duration/density of DRS should be re-considered.  An example of LBT-exempt transmission of DRS with frame-based equipment (FBE)-based LBT is shown in Fig. 2-1. In order to meet the overhead requirement of SCS, DRS in LAA needs to be configured with 40/80/160 ms periodicity and 1/2 ms duration. To avoid the measurement performance degradation due to shorter duration of DRS, the DRS density in a single duration may need to be increased. 
For LBT-exempt transmission of DRS, another problem is the UE measurement accuracy since the ratio between the signal strength and the interference strength fluctuates drastically for each measurement sample according to idle or busy state. As shown in Fig. 2-2, the measured RSSI in idle subframes may be comprised of high signal strength (data and RS) and low interference strength, while the measured RSSI in busy subframes may be comprised of low signal strength (e.g., RS only) and high interference strength. In addition, the RSRP measurement in busy subframe would suffer from high interference strength. Therefore, the restricted measurement related to channel state (idle/busy) may be needed to increase the accuracy of UE measurement. For example, after identifying the channel idle/busy state, UE may perform separate measurements and report for the two states.
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Figure 2-1: Example of LBT-exempt transmission of DRS
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Figure 2-2: Different measurement condition in LBT-exempt transmission of DRS
LBT-based transmission of DRS
The regulatory requirements are different in other regions. For example, in Japan, the LBT is required even for very low duty cycle transmission, which means that LBT-exempt transmission is not allowed. In this case, an opportunistic transmission of signals for cell discovery and measurement may happen according to the channel sensing result at eNB. For example, some of periodic DRS transmissions are dropped or the timing of DRS transmission varies due to LBT busy, i.e., both periodic and aperiodic transmission configuration of DRS can be considered. The LBT-based transmission of DRS is applicable to all regions/countries.
Then, how to make UE aware of the appropriate measurement timing becomes an important issue since the measurement accuracy might be severely degraded if UE generates a measurement report by taking samples not containing DRS into account. 
In Rel-12 SCE discussion, DRS measurement timing configuration (DMTC) was extensively discussed and the signaling of DMTC was introduced to reduce the UE effort for the detection of discovery signal having long transmission periodicity. The signalling of DMTC is also suitable for LBT-exempt transmission of DRS. However, if the DRS is opportunistically transmitted based on LBT result, an enhanced method may be needed. Considering the fast and frequent change between idle/busy states, some methods discussed in Rel-12 SCE fast on/off operation can be considered for the identification of appropriate measurement timing. For example, the L1 signalling indication from licensed PCell is one of the possible approaches for measurement timing indication. As discussed in Rel-12 SCE, since UE monitors PCell at every non-DRX subframes anyway, it is possible for the UE to monitor dynamic L1 signaling from PCell to determine whether there is a DRS subframe or a DRS occasion in the unlicensed carrier, as shown in Fig. 2-3. 
UE blind detection of DRS may also be a possible way to identify the presence of DRS transmission. However, in order to reduce the UE effort on the blind DRS detection, possible DRS locations should be limited and should be informed to the UE.
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Figure 2-3: Example of opportunistic transmission of DRS and measurement timing indication
Proposal 1: Following two approaches for RRM measurement in unlicensed carrier should be further studied. Considering the single global solution framework, Alt. 2 is preferable.
· Alt. 1: LBT-exempt transmission of DRS
· The periodicity/duration/density of DRS needs further discussion.
· The separate measurements related to the channel state may be necessary.
· Alt.2: LBT-based opportunistic transmission of DRS
· Detailed transmission mechanism needs further discussion.
· For example, it needs to be discussed whether the DRS transmission is dropped or delayed when the channel is busy.
· A solution to inform UE the appropriate measurement timing may be necessary.
Basically, the assistance by using L1 signaling would be applicable only to LAA SCells in the same eNB. For RRM measurement to surrounding LAA SCells associated to other eNBs, L1 signaling from the serving eNB would be useless due to the non-ideal backhaul between eNBs. However, since LAA is based on CA framework and unlicensed carriers cannot be a PCell, RRM measurement to LAA SCells associated to other eNBs would not be necessary. The selection of serving eNB should be based on RRM measurement in PCell layer in licensed carrier rather than that in unlicensed SCell layer.
Moreover, the transmission of DRS alone may not be sufficient to avoid interception by Wi-Fi which has a short CCA time slot. Therefore, some channel/signal may need to be transmitted together with DRS to fill all OFDM symbols within the duration of DRS.
3. Initial Evaluation on RRM measurement in LAA

In this section, we evaluate the SINR condition for DRS-based RRM measurement assuming two different approaches of DRS transmission discussed in Section 2. 
We assume three different cases below for this initial evaluation.

· Case 1: LBT-exempt transmission of DRS (including SS/CRS/CSI-RS)

· DRS transmissions of small cells within the same operator are synchronized

· Inter-operator small cells/APs cause interference to DRS-based measurement for the target small cell according to the load condition

· Case 2: Synchronized LBT-based transmission of DRS (including SS/CRS/CSI-RS)

· LBT timings for DRS transmissions of small cells within the same operator are synchronized

· Inter-operator small cells/APs within -62 dBm CCA threshold for the target small cell do not cause an interference to DRS-based measurement for the target small cell thanks to LBT
· Inter-operator small cells/APs out of -62 dBm CCA threshold for the target small cell cause interference to DRS-based measurement for the target small cell according to the load condition

· Case 3: Non-synchronized LBT-based transmission of DRS (including SS/CRS/CSI-RS)

· Since LBT timings of small cells are not aligned, intra-operator small cells within -62 dBm CCA threshold for the target small cell do not cause an interference to DRS-based measurement for the target small cell thanks to LBT
· Inter-operator small cells/APs within -62 dBm CCA threshold for the target small cell do not cause an interference to DRS-based measurement for the target small cell thanks to LBT
· Intra- and inter-operator small cells/APs out of -62 dBm CCA threshold for the target small cell cause interference to DRS-based measurement for the target small cell according to the load condition

In addition, for SS, it is assumed that SS transmissions from all small cells within the same operator collide. For CRS, a random PCI allocation and CRS collision based on reuse factor 6 are assumed. For CSI-RS, a perfect planning of CSI-RS configuration among small cells is assumed and hence no interference from small cells within the same operator is assumed. UEs are dropped within 20 m radius from each small cell associated to the same operator. Only interferences due to downlink transmissions are taken into account. Other assumptions are based on the outdoor evaluation scenario in TR 36.889 [3].
Table 3-1 shows 5-percentile SINR for the best RSRP small cell and Table 3-2 shows that for the top three small cells within 6 dB RSRP gap. Figures of SINR CDF are shown in Appendix. Compared to the SINR values in Case 1, those in Case 2 and 3 are significantly increased thanks to LBT-based transmission of DRS. In Case 1, if interferences due to UL transmission are taken into account, SINR condition for RRM measurement would be worse. Therefore, for Case 1, i.e., LBT-exempt transmission of DRS for RRM measurement, cell identification and measurement performances in worse SINR condition and appropriate DRS design under the low transmission density condition, i.e., up to 2 ms for each period, should be further studied.
On the other hand, for Case 2 and 3, i.e., LBT-based transmission of DRS for RRM measurement, one-shot measurement performance seems important since available samples for measurement would be reduced especially in case of busy channel. For RSRP/RSRQ measurements based on CRS or CSI-RS, a wideband measurement can be utilized to improve the accuracy. For cell identification, since legacy PSS/SSS are transmitted on central 6 PRBs, one-shot cell identification performance should be carefully studied.
Observation 1: SINR condition for RRM measurement based on LBT-based transmission of DRS is clearly better than that based on LBT-exempt transmission of DRS.

· For LBT-exempt transmission of DRS, cell identification and measurement performances under the worse SINR and low transmission density condition should be further studied.
· For LBT-based transmission of DRS, one-shot cell identification performance should be studied.
Table 3-1: 5-percentile SINR for the best RSRP small cell

	Load 25% / 50%
	SS
	CRS
	CSI-RS

	Case 1
	-2.58 dB / -4.51 dB
	-1.34 dB / -4.08 dB
	-0.46 dB / -3.47 dB

	Case 2
	-0.48 dB / -0.85 dB
	2.28 dB / 0.71 dB
	7.91 dB / 4.90 dB

	Case 3
	2.14 dB / 1.34 dB
	5.15 dB / 2.78 dB
	7.91 dB / 4.90 dB


Table 3-2: 5-percentile SINR for the top three small cells within 6 dB RSRP gap

	Load 25% / 50%
	SS
	CRS
	CSI-RS

	Case 1
	-7.42 dB / -8.53 dB
	-5.42 dB / -7.60 dB
	-2.99 dB / -6.00 dB

	Case 2
	-6.45 dB / -6.76 dB
	-3.49 dB / -5.12 dB
	3.65 dB / 0.64 dB

	Case 3
	-4.04 dB / -4.72 dB
	-3.68 dB / -4.50 dB
	3.65 dB / 0.64 dB


4. Discussion on Efficient Discontinuous Transmission on LAA SCell
Assuming that LBT is applied in LAA system, the discontinuous transmission on LAA SCell shall be supported considering the busy state and the maximum channel occupancy time limitation. Unless UE can start data reception immediately or within a few subframe after eNB starts the transmission of burst, LAA cannot efficiently work in the region where LBT and limited maximum channel occupancy time are required. Therefore, we believe that an efficient discontinuous transmission, including fast synchronization, time/frequency estimation and AGC procedures, is an essential functionality for LAA with LBT.
In the worst case, there is no signal transmission from the serving LAA SCell during several hundreds of subframes before the burst reception due to the busy channel. In such a case, a beginning part of the burst is consumed for AGC setting. Therefore, an initial signal transmission without including any useful information may be necessary even in case of FBE-based LAA and in case that LBE-based LAA starts the burst transmission at an OFDM symbol boundary. The initial signal transmission of equal to or less than 1 OFDM symbol length should be sufficient for AGC.
Proposal 2: An initial signal transmission without including any useful information may be necessary for AGC setting even in case of FBE-based LAA and in case that LBE-based LAA starts the burst transmission at an OFDM symbol boundary.
On the other hand, if there is a signal transmission from the serving LAA SCell within a certain duration prior to the burst, AGC setting and time/frequency synchronization for the previous burst may be reused for the reception of the burst. As discussed in Section 2, since the signal for RRM measurement such as DRS would be transmitted even when there is no packet data transmission, the burst would be either for data transmission or for RRM measurement. For the consistent UE procedure for time/frequency synchronization, in case of no prior transmission within certain duration, the burst transmission for data and that for RRM measurement should include the same signal(s) to provide time/frequency synchronization functionalities. Therefore, utilizing DRS within the burst transmission or prior to the burst transmission for time/frequency synchronization in addition to RRM measurement would be a straightforward approach.
Proposal 3: Utilizing DRS within the burst transmission or prior to the burst transmission should be considered as a starting point for time/frequency synchronization to LAA SCell.
Then, the appropriate design of the signal(s) for time/frequency synchronization should be studied. 
5. Conclusion 

In this contribution, we discussed the issues related to RRM measurement and synchronization in LAA. Based on the analysis above, we had following proposals.

Proposal 1: Following two approaches for RRM measurement in unlicensed carrier should be further studied. Considering the single global solution framework, Alt. 2 is preferable.
· Alt. 1: LBT-exempt transmission of DRS
· The periodicity/duration/density of DRS needs further discussion.
· The separate measurements related to the channel state may be necessary.
· Alt.2: LBT-based opportunistic transmission of DRS
· Detailed transmission mechanism needs further discussion.
· For example, it needs to be discussed whether the DRS transmission is dropped or delayed when the channel is busy.
· A solution to inform UE the appropriate measurement timing may be necessary.
Proposal 2: An initial signal transmission without including any useful information may be necessary for AGC setting even in case of FBE-based LAA and in case that LBE-based LAA starts the burst transmission at an OFDM symbol boundary.
Proposal 3: Utilizing DRS within the burst transmission or prior to the burst transmission should be considered as a starting point for time/frequency synchronization to LAA SCell.
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Appendix: SINR CDF of Different DRS Transmission Schemes
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Figure A-1: SINR CDF for the best RSRP small cell
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Figure A-2: SINR CDF for the top three small cells within 6 dB RSRP gap
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