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1 Introduction
This contribution discusses further aspects of the work needed in RAN4 to specify measurement requirements for LAA. It should be noted that RAN1 and RAN2 meet one week earlier than RAN4, so at the time of the RAN4 contribution deadline there has been no discussion in other working groups but it is anticipated that progress will be made during the meetings such that good progress can be made in RAN4#76bis, for example to agree simulation assumptions and progress with the requirements definition.
2 Discussion

Some agreements from RAN1#82 related to DRS design are summarised below

	Agreements:

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms

· FFS: case where duration of the signal in DRS is 1 ms or longer

· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

Working assumption:

· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

Conclusions: Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain

· PAPR should be evaluated

· PSS and SSS are repeated in time domain

· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz

· This does not preclude measurement on 6 PRBs

· The transmission periodicity is the same as Rel-12 DRS

· Note that other DRS structures are not precluded




Measurement requirements are envisaged covering at least the following areas
· Detection, and false detection probabilities by the UE when the eNB performs LBT

· Cell identification for LAA SCells and candidate SCells

· RSRP, RSRQ and CSI-RSRP accuracy requirements for LAA Scells and candidate SCells

· RSSI accuracy requirements, which are covered separately since this will be a new measurement for LAA.

We now cover considerations and make proposals for each of these areas in turn.

Detection and false detection probabilities by the UE when the eNB performs LBT

Since the LAA SCell performs LBT, from a UE perspective, the UE needs to detect whether an LBT node performs LBT or not. In release 12 work on small cells, the UE could always assume that DRS transmission takes place, but for LAA it should detect whether or not the DRS transmission has taken place, and only perform processing such as RSRP and RSRQ measurement and demodulation of the SCell when the eNB is transmitting. To assist the UE in detecting the transmission, RAN1 is discussing a so called initial signal which is transmitted prior to the subframe(s) containing DRS. There are two aspects of the initial signal. The first aspect is to be detectable by other nodes so that they can detect that the channel has been occupied. The second aspect is to provide a detectable and useful signal to the UE for performing fine synchronization prior to the reception of the data. It should be also noted that it is possible to receive a TTI without any initial signal. Hence
Observation 1: Detection probabilities may be specified once DRS design is finalised, independent of any initial signal.

From a UE perspective, the initial signal may provide assistance in the detection but may not be assumed for the minimum requirement.
If the UE fails to detect transmission by the LAA node, the consequences may be that it does not detect some PDSCH data which has been scheduled on the downlink and it may fail to measure the SCell. If the UE performs a false detection, then it is unlikely that it could demodulate any erroneous data but there could be other significant harmful effects such as corrupted measurement samples and CQI feedback. Since it is anticipated that threshold mechanisms are implemented to detect the presence of LAA transmissions, requirements should be specified for both detection of an LAA node (i.e. probability that the UE detects the node given that it has made a downlink transmission)_ and false detection probability (i.e. probability that the UE detects the node given that it has not made a downlink transmission). Our view is that a detection probability by itself would not be meaningful, since a UE with a very low threshold would readily detect LAA transmissions but at the same time would also experience a high false detection rate when the LAA downlink was not transmitted.
Proposal 1 : Both detection and false alarm probability requirements are specified for LAA cells
It could be discussed whether these requirements are demodulation or RRM requirements. Certainly, the UE will make measurements e.g. of the serving or target cell to determine if it is transmitting initial signal and DRS or not, and it should also perform these actions also for neighbour cells which it may be measuring without decoding. On the other hand it may be more straightforward to test that a UE has detected a certain DRS transmission by scheduling the UE in question and observing if it is able to decode data. 
It should be noted that RAN1 is performing evaluations of LAA detection probability, for example our results are in [1], which concludes that “The results show that detection probabilities greater than 90% and false detection probabilities smaller than 0.1% can be achieved at an SINR of -4 dB with a 5 MHz system bandwidth if CRS port 0 only in symbols 4, 7 and 11 is used to perform detection. If symbol 0 is also additionally used, then this performance can be achieved at -6 dB, see Figure 2, Figure 5 and Figure 8. It should be noted that this is the performance using only the CRS REs for CRS port 0.”
Since RAN1 is currently performing the evaluations it should be relatively straightforward to reuse the results in RAN4 to specify requirements once the design of the DRS is settled. As an example, figure 1 shows results for single port CRS transmission for different DRS designs in EPA5 conditions and other conditions are also studied in [1] including EPA5, and EVA70 and ETU70.
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Figure 1 Detection probability LAA DRS compared to Rel-12 legacy, EPA5 channel, CRS symbols on port 0, 8-symbol DRS to the left and 12-symbol DRS to the right.

At this point, figure 1 is indicated as an example only (since the exact DRS design is still to be specified in RAN1) but nevertheless once this work is completed in RAN1 it should be relatively straightforward to specify detection and false detection probabilities in RAN4 along with appropriate side conditions, e.g. SNR≥-6dB if the DRS design is intended to support that operating point.
Proposal 2 : Generic detection and false alarm requirements are developed based on RAN1 results for different propagation conditions.
Cell identification for LAA SCells and candidate SCells

For cell detection, RAN1 is performing evaluations of single shot cell identification performance and is evaluating cases where:
· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

And additionally

-PSS and SSS are repeated in frequency domain

· PAPR should be evaluated

· PSS and SSS are repeated in time domain

· Only SSS is repeated in time domain in the DRS subframe

One discussion took place during RAN4#76 on whether the fact that RAN1 is considering single shot cell identification requirements means that RAN4 should define corresponding single shot UE requirements. In our understanding, the single shot identification from RAN1 means that each DRS occasion should be identifiable; from a UE perspective the UE should also attempt to identify according to the DMTC configuration, meaning that it attempts to identify cells during each possible DRS occasion. For a given cell identification may fail, either because the cell was unable to transmit PSS/SSS due to LBT, or as a consequence of propagation conditions or interference. Either a short cell identification time based on single shot requirements or a longer and more robust requirement (i.e. with a higher probability of detection in mode demanding conditions) which allows the UE to perform multiple attempts may be considered in RAN4. A final decision on which approach is preferable can only be made once the DRS design has been completed and cell identification performance has been investigated.

Proposal 3 : Cell identification simulations are performed to determine whether to specify single shot requirements, or requirements based on multiple attempts

Regardless of this proposal, our view is that it would ultimately be beneficial to ensure that UEs can robustly identify and report cells when LBT is active in an LAA cell identification test case. For example, in the LAA event triggered reporting test, the test equipment could skip every 2nd transmission of DRS (or any other pattern, which should be unknown to the UE) and it should be verified that the UE can report the cell. To facilitate this, it is also important that cell identification core requirements are formulated in a generic way which applies when downlink transmissions are skipped. 
Proposal 4 : Cell identification requirements should scale according to missed PSS/SSS downlink transmission (assumed to be due to LBT)

RSRP, RSRQ and CSI-RSRP accuracy requirements for LAA Scells and candidate SCells

Similarly to release 12 work on small cells, RSRP, RSRQ and CSI-RS accuracy requirements should be specified. Once the DRS design is completed in RAN1, rather similar considerations to the discussion on cell identification apply. Due to LBT functionality there is a preference in the RAN1 studies to focus on single shot measurement, and we think that the RAN4 simulations and requirements for measurement accuracy should also be based on single shot techniques, although this should be subject to confirmation once the results are available
Proposal 5 : RSRP, RSRQ and CSI-RSRP accuracy requirements should be based on single shot measurements, subject to confirmation after simulation results are available in RAN4.

One implication of single shot measurement accuracy requirements is that there is no filtering in time domain to mitigate the effects of fading channels. Therefore frequency domain averaging seems important in order to ensure that UE measurement reports are as stable as possible and to compensate for the missed averaging in time domain. Measurement bandwidth has been discussed in RAN1; the agreement from RAN4#81 is
· The minimum transmission bandwidth is 5 MHz

· This does not preclude measurement on 6 PRBs

From a RAN4 perspective the important aspect is the achievable accuracy, so RAN4 should investigate the performance for different measurement bandwidths (e.g. 6RB, 25RB and 50RB) and antenna port configurations. If, for example, 50RB (or 25RB with 2 ports) measurement BW gives significant advantage over 6RB then minimum requirements should be specified assuming wider measurement bandwidth  and/or more antenna ports(e.g. based on simulation studies with 25RB measurement bandwidth and two antenna ports).Proposal 6 : If 50RB or 25RB measurement BW gives significant advantage over 6RB then LAA accuracy minimum requirements should be specified assuming wider measurement bandwidth (i.e. based on simulation studies with wider measurement bandwidth).
The requirements on measurement accuracy are also related to detection and false detection of the target cell. Since the UE cannot assume that DRS transmission always takes place, it needs to detect the DRS transmission so as to make a decision on whether to measure the target cell. If the target cell DRS is transmitted but weak at the UE (e.g. low SNR condition) then the UE may fail to detect. This could be expected to lead to a positive bias in measurement statistics, since low SNR samples are excluded. Correspondingly, in the scenario where the UE falsely detects a DRS transmission where none is present, a negative bias to the statistics could be expected. To verify if the impact of either of these scenarios is significant, statistics and CDFs could be compared with practical detection of the target cell enabled and disabled so that the difference could be verified.
RSSI accuracy requirements
As this is a new measurement quantity for the UE, it is covered separately. UE RSSI measurements are used by the eNB primarily for hidden node detection so that UE and eNB may perform carrier reselection.  Carrier selection in this context means the process used by the eNB to scan available LAA frequencies and select the ones to be used for LAA DL operation. A hidden node is one which the serving LAA eNB cannot detect (e.g. based on LBT measurement) but due to the coverage, it has coverage which partially overlaps with the LAA eNB. The hidden node could, for example, be a wifi access point. This can be detected by requesting RSSI measurements from the various UEs that are being served by the LAA eNB; a high RSSI indicates the likely presence of a hidden node. Since it is beneficial for the UE in question to measure RSSI during time periods when the serving LAA eNB is not transmitting itself (to listen for other hidden nodes).
The following agreements were reached on RSSI in RAN1 and RAN2 August meeting round:

	RAN#82

Agreements:
· 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



	RAN2#91

4
Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA




Based on the agreements, it is expected that the RSSI measurement intervals will be indicated to the UE and may be independently configured from the DMTC. Concepts of both an average RSSI, and a more instantaneous RSSI (used to evaluate channel occupancy, or the percentage of time that RSSI is above a threshold) are envisaged. It can also be seen that the introduction of another measurement gap for interfrequency RSSI measurement (with potentially different timing than the measurement gaps for RSRP and RSRQ measurement) is being considered.
Since the characteristics of the interference are unknown, it seems beneficial that RSSI is a wideband measurement (e.g. based on I2+Q2 averaging over 5MHz bandwidth and the time interval for which the UE has been indicated to measure. Since RSSI could be directly evaluated in the time domain, wideband RSSI measurement also seems to have relatively low computational complexity.

Once further details of the RSSI timing signalling is clarified, RSSI accuracy can be evaluated. It could be noted that the UE does not directly report RSSI, but rather may report channel occupancy (percentage of time RSSI is above a threshold) and average RSSI  but nevertheless, if RAN4 specifies a requirement on the accuracy of RSSI samples then this may be directly used to specify a test case involving testing of e.g. channel occupancy. RSSI averaging could also be checked in a RAN4 test case.
Proposal 7 : Once the measurement details (timing) for RSSI are clarified, RAN4 should simulate RSSI measurement accuracy
3 Conclusions

In this contribution we discuss measurement requirement aspects of LAA RRM and make the following proposals
LAA detection

Observation 1: Detection probabilities may be specified once DRS design is finalised, independent of any initial signal.

Proposal 1 : Both detection and false alarm probability requirements are specified for LAA cells

Proposal 2 : Generic detection and false alarm requirements are developed based on RAN1 results for different propagation conditions.
Cell identification
Proposal 3 : Cell identification simulations are performed to determine whether to specify single shot requirements, or requirements based on multiple attempts

Proposal 4 : Cell identification requirements should scale according to missed PSS/SSS downlink transmission (assumed to be due to LBT)

RSRP, RSRQ and CSI-RSRP measurement
Proposal 5 : RSRP, RSRQ and CSI-RSRP accuracy requirements should be based on single shot measurements, subject to confirmation after simulation results are available in RAN4.

Proposal 6 : If 50RB or 25RB measurement BW gives significant advantage over 6RB then LAA accuracy minimum requirements should be specified assuming wider measurement bandwidth (i.e. based on simulation studies with wider measurement bandwidth).
RSSI measurement

Proposal 7 : Once the measurement details (timing) for RSSI are clarified, RAN4 should simulate RSSI measurement accuracy
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