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1 Introduction

In previous RAN1 meetings, some agreements related to RRM measurement were reached as follows [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
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, some remaining issues of RSSI measurement are further discussed and our proposals are presented.
2 On RRC parameters for supporting RSSI measurement
Based on the agreements of the previous meetings and the follow-up email discussion, RAN1 has approved a list of new L1 parameters to support the new UE-reported RSSI measurements for LAA. A related LS was sent to RAN2[5].
· L1 averaging duration of UE-reported RSSI measurement, which is the smallest observation window of L1, ranges from 1~70 OFDM symbols;

Note: RAN1 requests RAN2 to consider the possibility of direct reporting of L1 samples without any L3 averaging.

· Measurement duration of UE-reported RSSI measurement, which represents the number of consecutive L1 averaging durations where an RSSI value is generated for each L1 averaging duration. This measurement duration is defined in unit of L1 averaging duration and should fit within one measurement gap (6ms). The value can be 1, 70, and FFS other values.
· Periodicity of UE-reported RSSI measurement duration, which is the periodicity of the RSSI measurement duration and the value of which (in milliseconds) needs further study. Note that it doesn’t mean that UEs must perform measurement at every measurement duration. Actually it depends on the FFS issue the UE behaviour when a RSSI measurement instance overlaps with the transmission of the serving cell. 
 (FFS: whether/how to support UE flexibility for measurement timing)

· Subframe offset of UE-reported RSSI measurement duration, which is the subframe offset of the RSSI measurement duration relative to PCell timing and ranges in [1, …, max RMTC for UE-reported RSSI measurement duration periodicity].

(FFS: whether/how to support UE flexibility for measurement timing)

· FFS: OFDM symbol offset, which is the symbol measurement offset to further align the measurement position. The vale is relative to the start of subframe indexed by subframe offset and ranges in [0, 1, …, 13]. Whether configuration of this parameter is optional or mandatory is also FFS.

· FFS: Additional CSI-RS configuration in same subframe as DRS，which is use to configure CSI-RS in the DRS subframe for the purpose of CSI measurement.
Note that all the above parameters are UE specific and are applicable per frequency.
It is agreed that the RSSI measurement should support two purposes: 

· To help the eNB detect the potential hidden nodes;

· To provide the reference for carrier selection.
For detecting the hidden nodes, it is desired that the eNB and UEs can align the measurement timing. With the first four RRC parameters, the RSSI measurement timing can be well aligned between the LAA eNB and UEs, while the UE flexibility for measurement timing is still maintained to some extent. With the fifth parameter “OFDM symbol offset”, UEs can determine the first measurement symbol, which is considered a further alignment of the measurement timing. In our opinion, because the L1 averaging granularity can be 1 OFDM, and a RSSI measurement duration can include multiple L1 averaging durations, the UE or eNB can simply discard the measurement results on some OFDM symbols (e.g the first symbols), Thus the “OFDM symbol offset” is not necessary.
The RSSI measurement can be used to evaluate the carrier load in the carrier selection. Because the DRS is sent from the LAA SCells regardless of the load on the SCell, it is not reasonable to include the DRS power measurement in the RSSI measurement. To reduce the impact of the DRS on RSSI and keep RSSI measurement as a accurate indication of carrier load, it is preferred that the subframes or the OFDM symbols with DRS occasion should be skipped within the RSSI measurement. Such measurement skip can be done per basis of “L1 averaging duration of UE-reported RSSI measurement”. In other words, in a L1 averaging duration of UE-reported RSSI measurement, the UE may skip RSSI measurement on the OFDM symbols or the subframes that contain DRS; the UE may also skip RSSI measurement in the whole L1 averaging duration of UE-reported RSSI measurement that contains the DRS. 

Proposal 1: In a L1 averaging duration of UE-reported RSSI measurement, the UE may skip RSSI measurement on the OFDM symbols or the subframes that contain DRS; the UE may also skip RSSI measurement in the whole L1 averaging duration of UE-reported RSSI measurement that contains the DRS.
3 Overlapping between RSSI measurement instance and transmission of the serving cell

Measurement gap (MG) is necessary for UEs to monitor inter-frequency and/or inter-RAT cells. During the MG, UE should stop all DL/UL data transmissions, and then switch to the carrier frequency of the target cell to perform necessary measurement. Obviously, as data TX/RX is suspended in the MG, the spectrum efficiency is reduced accordingly. To minimize the impact, the period and duration of the MG should be set properly. Currently a period of 40ms/80ms, a duration of 6ms, and arbitrarily offset within the period can be adopted for MG. In unlicensed spectrum, the MG should be set more carefully. Due to the LBT regulation, an LAA eNB has to compete with other network nodes to acquire the usage of the channel and occupy the channel up to the maximum channel occupancy time. If the MG overlaps with the occupancy duration and blocks the DL/UL transmission, as shown as Alt 1 in Figure 1, the occupancy opportunity is wasted and the spectrum efficiency is further reduced. 
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Figure 1 Alternatives for MGs in LAA
One way to solve this problem is to always keep the data transmission as higher priority and skip the measurement in these MGs (Alt 2a in Figure 1). Obviously, the measurement opportunity is decreased in this way. Thus, shorter period can be configured to keep enough measurement opportunities even some MGs are skipped. On the other hand, if it is desired to capture the interference condition when the LAA eNB occupies the channel, some MGs overlapping with the occupying duration should still be reserved. For example, at least one out of N MG opportunities must be reserved for measurement. Generally, there are two ways for UEs to reserve MGs per eNB request. Take N=3 as an example. The first way is that the UE at least performs measurement at every third MGs, i.e at the 3th, 6th,…3mth MG even the eNB is currently in the occupancy duration. This is shown as Alt 2b in Figure 1. That is to say, at the every N-th MG, the measurement takes higher priority than transmission of channel traffic if any; while at the other MG, the transmission of channel traffic, if any, takes the higher priority than the measurement. The second one is that a counter is maintained in such a way that it increments when a MG is skipped due to potential coincidence with data transmission in channel occupancy, and resets to one whenever the UE performs measurement in a MG. Once the counter reaches N-1, the UEs should perform measurement in the next MG. This is shown as Alt 2c in Figure 1.
Proposal 2: MG configuration for LAA carrier should be configured independently from the one for licensed carrier and should have more flexibility (e.g. on MG period/duration/offset). The specification needs to support to balance between measurement gap opportunities and channel occupancy opportunities.
4 Conclusion 

In this contribution, we discussed some remaining issues of RSSI measurement, and have the following proposals:

Proposal 1: In a L1 averaging duration of UE-reported RSSI measurement, the UE may skip RSSI measurement on the OFDM symbols or the subframes that contain DRS; the UE may also skip RSSI measurement in the whole L1 averaging duration of UE-reported RSSI measurement that contains the DRS
Proposal 2: MG configuration for LAA carrier should be configured independently from the one for licensed carrier and should have more flexibility (e.g. on MG period/duration/offset). The specification needs to support to balance between measurement gap opportunities and channel occupancy opportunities.
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