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1 Introduction

3GPP studied the use of the unlicensed spectrum in combination with the licensed spectrum and reported the results in [1]. Taking these results into consideration, RAN#68 approved a new WI “Licensed-Assisted Access using LTE” for specifying LAA SCells operations with only DL transmissions [2]. According to the WID, “UE support for carrier selection” and “UE support for RRM measurements including cell identification” are included in the WI’s objectives. In this contribution, we provide our views on UE measurements required for the operation in the unlicensed spectrum.
2 Discussion
It was agreed during the SI phase carrier selection is required for LAA nodes to select the carriers with low interference and good co-existence with other unlicensed spectrum deployments. To achieve this objective, the eNB should scan and sense channels for interference or radar detection before the eNB begins transmitting the DRS in the target LAA carrier. In addition to the eNB’s measurement, it was also agreed during the SI phase the UE reporting of RSSI measurements to the eNB is useful for the purpose of detecting hidden nodes during the channel selection. Then both the eNB and the UE can measure the candidate channel for channel selection. Figure 1 shows the signaling-flow for setting up the UE to perform the measurements before and after the eNB transmits its RS in the unlicensed carrier.
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Fig 1: An example of carrier selection
2.1 Required RRM measurements
Generally speaking, whether the carrier is suitable or not is measured by the interference level and the load level on that carrier. It may be assumed the selected carrier has low interference and load level. As mentioned before, UEs can help detect the hidden-nodes by reporting their RSSI measurements; therefore, it was agreed the UE reporting of RSSI measurements to the eNB is useful for carrier selection. In addition to RSSI measurement reports, we believe it would also be helpful for eNB to receive the load information from UEs. Regarding how the eNB receives the WLAN’s load information, it is already been discussed in LTE-WLAN Radio level integration WI which can be reused for carrier selection in the unlicensed band. It is FFS if any other WLAN measurements defined in LTE-WLAN Radio level integration WI would also be useful for carrier selection. In contrast, there is no existing requirement that UE should measure and report RAN load to its serving cell, particularly for the load associated with non-serving PLMNs. Therefore, there isn’t sufficient justification for creating a new requirement for the UE even if neighbour LAA cells’ load information is attainable. Therefore, the UE should only measure and report RSSI and WLAN load information for carrier selection.
Proposal 1: 
The eNB should be allowed to configure the UE for measurement and reporting of RSSI and WLAN load for carrier selection.

Proposal 2: 
RAN2 should study if other WLAN measurements defined under the LTE-WLAN Radio level integration WI are also useful for carrier selection.

2.2 RSSI measurements and reporting
Although the details of RSSI measurements and reporting procedures are not yet defined, one of the possibilities for RSSI measurement comprises the average of the total received power. In this case, the bandwidth used for averaging the received power may be configurable. Although WLAN usually occupies 20 MHz bandwidth, some countries specify narrower bandwidths. Also LAA’s system bandwidth is not restricted to 20MHz. Therefore, the following was agreed in the LAA SI: 
· Support for at least 20MHz system BW option in the 5GHz band
· System bandwidths < 5MHz are not considered for PHY layer options in LAA
If two LAA nodes share the available 20 MHz channel, and if each node uses only 5 MHz, then the remaining bandwidth is still available for carrier selection. In this case, UE should also perform RSSI measurement only for the candidate bandwidth. Therefore, eNB should inform the UE of the frequency and the bandwidth for RSSI measurement.
Proposal 3: 
The eNB should inform the UE of the frequency and the bandwidth for RSSI measurement.

In addition to the averaging in frequency domain, RAN2 should consider how the measurements in the time domain should be carried out. One of the possibilities is that RSSI measurement in the time domain should comprise of the average of the total received power over a configured observation window. In this case, the UE may average several RSSI measurements and report the calculated average to the eNB. The average RSSI facilitates the eNB to decide whether the carrier is completely vacant or not. To improve the spectrum-efficiency, the eNB should be allowed to operate in the LAA SCells even when the unlicensed carriers are not completely vacant given the LAA SCells can fairly co-exist with the neighbouring nodes. In such scenarios when the unlicensed carrier are not fully utilized the average RSSI measurements are not always helpful for carrier selection. For example, as shown in Figure 2, the UE can report the same average RSSI for the different usage characteristics of the carrier. If these two carriers are the least interfered carriers, the eNB may select one of these as the operating carrier for LAA. In contrast, it would be difficult for the eNB to select the appropriate carrier if only the average RSSI measurements are reported by the UE.
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Fig 2: Example of observed RSSI measurements in UE
To resolve this potential issue, one possible solution is to shorten the observation window and to increase the frequency of measurement reporting. The longer the configured observation window the greater the inaccuracy of the captured channel information reported after the measurements. In order to avoid this potential inaccuracy, shorter observation window should be used for the measurements. However, frequent measurement reporting does have a negative impact on signalling overhead. To reduce the excessive signalling overhead, event trigger based reporting is preferable to periodic reporting. If periodic reporting is applied, RAN2 should consider how to obtain a higher accuracy in capturing the channel occupancy information while the frequency of measurement reporting is kept to a reasonable level. One of the feasible solutions is to allow the UE to provide additional assistance information to the eNB along with the average RSSI. For example, the assistance information could consist of how often or the percentage of the time when the RSSI measurements exceed a threshold.
Proposal 4: 
Both the periodic and the event trigger based reporting should be considered for RSSI measurement. 

Proposal 5: 
If periodic reporting is applied, UEs should report some assistance information in addition to the average RSSI.

During the SI phase, various LAA deployment scenarios were considered [1] and reproduced in figure 3 below. In non-collocated deployments (Scenario 1) it is very difficult to determine if the reported RSSI measurements are taken within the coverage of the small cells belonging to the macrocell eNB. Therefore, it would be beneficial to the eNB if the UE were to report the location associated with the reported RSSI measurement on the unlicensed band. One of the most straight forward approaches is for the UE to always report the RSSI measurement of the unlicensed band i.e., 5GHz along with RF fingerprint of licensed band e.g., 2GHz. It is FFS if any assistance information should be reported to allow the eNB to have a better estimate of the UE’s location.
[image: image3.png]Scenario 1 Scenario 2

cb Small cell

- = ==
i 1 ideal backhaul

F1: Licensed

carrier(s)

Macro cell

1 ~—-, Ideal backhaul |
' ______ -l (Nnn co-| Iocated) [ [, JI (Cn Iucamd]
I F3: Unlicensed  (* ~
BB Une é é smallcel aierls) . _*« * 5"‘3" cel
et ==
Scenario 3 Scenario 4
F1: Licensed ‘E' M I F1: Licensed 1) Macro cell
carrier(s| . acroce carrier{s) .

rmn ideal

~——

——————— - backhaul

F1: Licensed
camier(s| ‘ é él Small cell

=~ “ldeal backhaul

_ (Co-located)

F3: Unlicensed ,’ - ‘ i .
carrier(s| N == SmaII cell

non ideal

- -:- aan ""‘ - J;ackhaul

F2: Licensed
carrier{s) é & Small cell

-EI!B'QI“I =~ “deal backhaul

(Co-located)

F3: Unlicensed , é, *smaucell

carrier{s)

g._.l.





Fig 3: LAA deployment scenarios
Proposal 6: 
UE should report the RSSI measurement of the unlicensed band along with RF fingerprint of licensed band.
3 Conclusion

In this contribution, we discussed the post processing procedure of UL latency measurements as one of the potential solutions. We have the following proposals.
Proposal 1: 
The eNB should be allowed to configure the UE for measurement and reporting of RSSI and WLAN load for carrier selection.
Proposal 2: 
RAN2 should study if other WLAN measurements defined under the LTE-WLAN Radio level integration WI are also useful for carrier selection.
Proposal 3: 
The eNB should inform the UE of the frequency and the bandwidth for RSSI measurement.
Proposal 4: 
Both the periodic and the event trigger based reporting should be considered for RSSI measurement. 

Proposal 5: 
If periodic reporting is applied, UEs should report some assistance information in addition to the average RSSI.
Proposal 6: 
UE should report the RSSI measurement of the unlicensed band along with RF fingerprint of licensed band.
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