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1. Introduction
In previous RAN1 meetings, received signal strength indicator (RSSI) measurement and reporting for licensed-assisted access (LAA) has been discussed and some agreements have been reached. In RAN1#82 meeting, the following agreements were made [1]:
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
In RAN1#82bis meeting, the following agreements were made [2]:
Agreements:
· The measurement duration (averaging granularity) for a single UE-reported RSSI measurement instance should be indicated to the UE:
· Support a minimum duration of one OFDM symbol
· Support a maximum duration of 5ms 
· Potential higher-layer filtering of multiple UE-reported RSSI measurement instances (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4). 
· A measurement gap duration (i.e. 6ms) may contain multiple measurement instances
· FFS: UE behaviour when a RSSI measurement instance overlaps with the transmission of the serving cell.
· FFS: Intermediate averaging granularity values.

In this contribution, we discuss the inter-frequency RSSI measurement on unlicensed non-serving carriers in LAA.

2. Inter-frequency RSSI measurement for carrier selection
In LAA, carrier selection has been recognized as a target functionality [3]. Since there are a large number of available unlicensed carriers, LAA nodes need to select those carriers with low interference level and achieve fair coexistence with other systems deployed on unlicensed spectrum. Basically, carrier selection can be performed step by step to select one or more proper carriers with low load. Firstly, the eNB selects a set of candidate carriers from all the available carriers, based on the energy detection and/or carrier sensing at eNB. Then, the eNB could indicate UE on which carriers the RRM measurement needs to be taken. The RSSI measurement and report assist eNB’s decision on carrier selection. Small value of RSSI measurement means that the corresponding carrier has low interference. According to the measurement report from the UE, eNB can further narrow down the candidate carriers by selecting those carriers with low interference level. Finally, the proper carriers are configured and activated to the UE. Therefore, UE should perform inter-frequency RSSI measurement when there is no transmission from the serving eNB on the non-serving carriers. When there is DRS/data transmission on some unlicensed carriers, the RSSI measurement may not reflect the actual interference level of those carriers if it includes power from the serving eNB, which makes the measurement result inconsistent and the comparison among carriers unfair. Therefore, RSSI measurement timing configuration (RMTC) is independently configured from the DMTC according to the RAN2 agreements below, and it would be better to avoid performing RSSI measurement during the serving eNB’s transmission on the measured carrier.

Agreements
1:   Average RSSI over a L3 averaging window is a mean of all measurements from L1.
1a  Channel occupancy is calculated over the same L3 averaging window.
1b  UE always reports both Average RSSI and Channel occupancy together.
2    Timing configuration for average RSSI measurement and channel occupancy are the same.
3:   Average RSSI and channel occupancy measurement timing configuration is configured via RRC signalling. 
4:   Average RSSI and channel occupancy measurement timing configuration is configured per frequency (i.e. measurement object). Can be configured for serving and non-serving carriers.
5: The eNB configures, L1 duration, and L3 averaging window to determine RSSI measurement timing configuration. 
7:  Support periodic reporting with amount of reporting configurable by the eNB. 
FFS Details of the time domain pattern of the measurement durations (e.g. offset, periodicity, etc)
FFS Whether the channel occupancy is calculated on the same L1 samples used for average RSSI or whether more frequent L1 samples are used.

Observation 1: It would be better to avoid performing RSSI measurement during the serving eNB’s transmission on the measured carrier.

3. Discussion on RSSI measurement for LAA unlicensed carriers
We consider the inter-frequency RSSI measurement on unlicensed non-serving carriers for the purpose of carrier selection. The scenario is shown in Fig. 1, where the serving eNB may or may not transmit DRS/data on the target LAA non-serving carriers. Serving eNB configures the UE with measurement gap (MG) for inter-frequency measurement. During the MG period, UE should stop its communication with the serving eNB and switch to the target unlicensed carrier frequency to take measurement accordingly. 
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Fig. 1: Inter-frequency RSSI measurement on LAA unlicensed carriers

3.1 Problem analysis
The RSSI measurement is suggested to be taken when there is no DRS/data transmission on the target non-serving carriers from the serving eNB, because it can better reflect the carrier load and interference situation. Thus, the RMTC configuration for RSSI measurement could be different from DMTC. 
If UE follows conventional MG configuration for both inter-frequency RSRP/RSRQ measurement and inter-frequency RSSI measurement, some issues should be considered. For example, the carriers that require inter-frequency RSRP measurement may be different from the carriers that require inter-frequency RSSI measurement for a UE. Also, the conventional MG pattern may be not suitable for inter-frequency RSSI measurement in terms of the gap length. Moreover, in LAA carriers, the scheduling opportunity for a UE depends on the channel access result, so that the inflexible transmission interruption due to MG configuration is more severe than licensed carrier and the scheduling for a UE may be suspended for a long time.
Some companies have proposed to apply a new/independent MG configuration for inter-frequency RSSI measurement. Then whether to use conventional MG pattern or design new MG pattern need to be discussed. Moreover, the scheduling of UE could be interrupted more frequently if additional MG is introduced. Collision may also happen between two MG durations from two different MG configurations. 
From above analysis, we can see that for each direction, different issues exist and should be resolved. In the following section, we discuss the possible solutions to resolve the different issues for each direction.
3.2 	Traditional MG configuration
In LAA, the eNB cannot ensure access to the channel at any time because of the listen-before-talk (LBT) mechanism. Thus, the scheduling opportunity for a UE is not easy to obtain. Since MG has higher priority than UE scheduling transmission, the scheduling of a UE may be interrupted and suspended for a long time when MG collides with the UE scheduling opportunity. To solve the problem of UE scheduling interruptions, several methods can be considered. 
· Alternative 1: Configure each UE with CC-specific scalar to adjust the inter-frequency RSSI measurement periodicity on different CCs.
In this method, serving eNB can configure different scalar in measurement configuration to adjust the measurement periodicity of different CCs for a UE. An example is shown in Fig. 2, in which F2 is configured with a larger scalar. So statistically the MG is reduced and the UE scheduling interruptions happen less. However, this method may be not effective as it only works statistically.
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Fig. 2: An example of Alt. 1

· Alternative 2: Modify UE behavior when MG collides with UE scheduling transmission.
The priority between MG and UE scheduling can be re-considered for LAA unlicensed carriers based on the specific LBT features. For example, within 4ms duration prior to a MG, if any TTI contains grant information for the UE, the MG can be skipped by the UE. If there is no grant information for the UE within the 4ms duration prior to the MG, UE follows the MG to take inter-frequency RSSI measurement. However, if several (e.g., 2) consecutive MG durations are skipped, UE will follow the next MG to take inter-frequency measurement. Once the measurement is finished, the scheduling of UE regains a higher priority than the MG. An example is shown in Fig. 3. In summary, some predefined rules can be defined to adjust the priority when MG collides with UE scheduling.
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Fig. 3: An example of Alt. 2

· Alternative 3: Introduce 1-bit in L1 signaling to indicate UE whether to enable or disable the next MG.
In this method, we can add one bit in existing downlink control information (DCI) or introduce a new UE-specific bit in a new DCI format to notify the UE whether to enable or disable the next MG. UE follows the bit in the nearest subframe prior to the MG to make decision. Alt. 3 is more flexible than Alt. 2 since it can consider not only the UE scheduling transmission status on serving carrier but also the transmission status on target non-serving carrier. For example, eNB can indicate UE to enable the next MG only when there is no scheduling of the UE on serving carrier and no DRS/data transmission on non-serving carrier to be measured. In this case, both transmission interruption and measurement consistency issues are solved.

Proposal 1: In LAA, The problem of UE scheduling interruption on unlicensed carrier by MG needs to be discussed further.

As analyzed in Section 3.1, another problem is that the conventional MG pattern may not be suitable for inter-frequency RSSI measurement in terms of the gap length. If conventional MG is configured, following method can be considered to relax the issue.
· Alternative 4: Modify UE behavior to perform inter-frequency RSSI measurement on multiple carriers during one MG.
In last meeting, it was agreed that the measurement duration (averaging granularity) for a RSSI measurement instance supports from 1 OFDM symbol to 5ms. Therefore, the measurement duration for RSSI measurement may be much smaller than a MG duration of 6ms, which makes the measurement on multiple carriers during one MG possible.

Alternatively, an enhanced method based on Alt. 3 can be considered to solve the two problems above at the same time.
· Alternative 5: Modify the operation procedure for one MG configuration for inter-frequency RRM and RSSI measurements
For the MG configuration for a UE, eNB configures two possible MG lengths (MGL), e.g., x(x<6)/6 ms and one MG repetition period (MGRP). Then eNB uses 2-bit L1 signaling to adjust the realistic MGL and MGRP for measurement on each carrier. For example, one bit is used to indicates whether to enable the MG or not, which can be regarded as the adjustment of MGRP. And the other bit is used to indicate whether the next MGL is x ms or 6 ms, in which x ms implies inter-frequency RSSI measurement while 6 ms implies inter-frequency RSRP measurement.

3.3 Traditional and additional MG configuration
Alternatively, we can adopt a new/independent MG configuration for inter-frequency RSSI measurement. During the additional MG, UE also follows RMTC to take RSSI measurement on the target unlicensed non-serving carriers.  
As for the issue of unsuitable MG pattern, Alt. 4 can be also used within the new MG for inter-frequency RSSI measurement. So UE can perform inter-frequency RSSI measurement on multiple carriers during a new MG, as shown in Fig. 4. Or a new MG pattern design can be considered for the new MG configuration.
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Fig. 4: An example of inter-frequency RSSI measurement on multiple carriers within a new MG

· Alternative 6: A new MG pattern for the new MG configuration for inter-frequency RSSI measurement with shorter MGL (<6ms) and shorter MGRP (<40ms)
Both MGL and MGRP can be re-considered for the new MG pattern. Conventionally, the MGL is set as 6ms, which is suitable for licensed carrier because the detection of PSS/SSS can be done within 5ms. The value is also suitable for the DRS detection on unlicensed carrier since the location of DRS is subject to LBT and could be on any subframe within DMTC. However, 6ms duration may not be necessary for the RSSI measurement as RMTC could be much smaller. As for the measurement period, with conventional MGRP of 40/80 ms, UE may take a long time to finish measurement on a large number of unlicensed carriers. There will be a large delay for eNB to get the RSSI measurement results to make carrier selection decision. On the other hand, the MGRP cannot be too short as frequent measurement will affect UE’s communication with its serving eNB. Hence, the MGRP needs to be carefully set to achieve a good tradeoff between delay for eNB to get RSSI report and UE’s scheduling chance. Anyway, a new MG pattern with shorter MGL (<6ms) and shorter MGRP (<40ms) can be considered. 
However, as analyzed in Section 3.1, The problem of interruptions of UE’s scheduling becomes severer when a new/independent MG configuration is introduced. To address the problem, Alts. 1, 2 and 3 can also be applied together with Alt. 6. And the new MG pattern with shorter MGRP works well with Alts. 1, 2 and 3. Because shorter MGRP increases the inter-frequency RSSI measurement times while the three alternatives help to skip some unsuitable timing for the measurement. Finally, the measurement times does not increase so much, but the suitable measurement timing is ensured.

Another problem when using two different MG configurations is the collision between the corresponding MG durations. The eNB implementation may not be enough to solve this problem. Following methods can be considered. When two MG durations collide, UE can determine the priority between them by some predefined rules. For example, UE can determine the priority based on the index of the carrier to be measured or the content to be measured. Alternatively, eNB can use L1 signaling to indicate the priority between two MG durations. 

Based on the analysis above, we think two important factors need to be considered for the inter-frequency RSSI measurement: the timing to take measurement and the interruption of UE scheduling. In this sense, the alternatives that use one MG configuration can solve the problems by considering the two factors. By using two independent MG configurations, RSSI measurement can be differentiated from the RSRP measurement. More suitable design for RSSI measurement can be considered but accordingly more efforts need to be made.

Proposal 2: If additional MG configuration is introduced for inter-frequency RSSI measurement for LAA unlicensed carriers, following issues need to be considered.
· New UE behavior within one MG or a new MG pattern to align with RMTC better
· More severe problem of UE scheduling interruption
· Coordination between two MG configurations

4 Conclusion
In this contribution, we have discussed inter-frequency RSSI measurement for LAA unlicensed carriers. Two research directions with using one MG configuration or using an additional MG configuration are extensively investigated. The problems under each research direction and the possible solutions for each problem are also discussed. Based on the analysis, we have following proposals:
Observation 1: It would be better to avoid performing RSSI measurement during the serving eNB’s transmission on the measured carrier.
Proposal 1: In LAA, The problem of UE scheduling interruption on unlicensed carrier by MG needs to be discussed further.
Proposal 2: If additional MG configuration is introduced for inter-frequency RSSI measurement for LAA unlicensed carriers, following issues need to be considered.
· New UE behavior within one MG or a new MG pattern to align with RMTC better
· More severe problem of UE scheduling interruption
· Coordination between two MG configurations
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