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1 Introduction
Carrier selection and RRM measurement were identified as essential LTE functionalities on the unlicensed band. In 3GPP RAN1 #82, it is agreed that,
· 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
This contribution discuses the RSSI measurements and carrier selection, and presents our proposals.
2 RSSI measurement

LTE RRM measurement, which is necessary for mobility and load balance, mainly includes the measurements of RSRP, RSRQ and RSSI, where RSRP represents the useful signal power, RSRQ represents the signal quality and RSSI represents the load of the frequency layer. On the licensed band, legacy UE performs RRM measurement based on either continuously transmitted CRS and/or low duty cycle periodic discovery signal. Moreover, although RSRP, RSRQ and RSSI are all measured on UE side, only RSRP and RSRQ are reported to eNB. 
For LAA, RRM measurement should at least keep all the legacy functionalities of LTE RRM measurement. In addition, as the LAA eNB must coexist with other RATs, LAA RRM measurement should support other functionalities for inter-RAT coexistence, such as Channel Availability Check (CAC), Clear Channel Access (CCA), and carrier selection. Thus RSSI needs to be not only measured but also reported for eNB to understand the interference on the UE side and the load condition of the carrier. Moreover, the statistics of RSSI in certain observation duration can be used by eNB for its carrier selection. Further, RSSI report by UE is also considered helpful in solving the hidden node issue.
In licensed spectrum, RSSI is defined as the linear average power of the total received signals on the frequency layer that is assigned to one operator and one RAT. On an unlicensed carrier, the signals may come from nodes belonging to different operators and nodes adopting different RATs. Signals transmitted from different nodes can be measured as a whole, or separately according to different signal sources, in which case more than one RSSI definition can be defined. 
· RSSI type1: RSSI measurement subframe contains signals potentially transmitted from nodes of other RATs, nodes of other LAA operators, and nodes of serving operator. RSSI type1 is similar to legacy LTE RSSI and WiFi RSSI. It reflects the total interference of the carrier. Thus RSSI type1 should be measured when all nodes in the network are allowed to transmit. 
· RSSI type2: RSSI measurement subframe contains signals transmitted from nodes not belonging to the serving operator, i.e. the nodes of other RATs and nodes of other LAA operators. In other words, RSSI type2 should be measured at subframes when all LAA nodes of the same operator are muted. RSSI type2 reflects the interference not generated by the nodes of the serving LAA operator. The RSSI type2 is specifically useful for the LBT/CCA test and/or carrier selection on a carrier on which the frequency reuse is applied among the nodes of the same operator.
According to the LBT/CCA regulation of license-exempt spectrum, only one node from multiple competitors gains to occupy the channel at a time, so it is beneficial for the nodes operating on unlicensed spectrum to select a carrier with low load to avoid frequent CCA failure. Generally, smaller RSSI value means the corresponding carrier has lower load. Therefore, the RSSI can be an important reference of carrier selection on unlicensed carrier. For an LAA carrier, a small value of RSSI type1 indicates the total interference from the nodes of the same operator and the total interference from the nodes not belonging to the same operator (including different RATs) are both small; and a small value of RSSI type2 only means the total interferences not generated by the nodes of the same operator is small. Because the interference within the same operator can be handled in a more efficient way due to LTE frequency reuse mechanism, RSSI type2 is additionally needed besides the RSSI type1. 
If two network nodes (either two LAA eNBs, or one LAA eNB and one WiFi AP) are out of the range of detecting / carrier sensing but have overlapped coverage, each of the nodes can be a hidden node for each other. Collision and/or interference are caused if the two nodes transmit at the same time. The UE measurement and reporting of RSSI can be helpful for the LAA eNB to be aware of the existence of possible hidden node. Furthermore, the eNB can obtain the statistics knowledge for the hidden nodes of all operators and all RATs based on RSSI type1, and only the hidden nodes of different operators or different RATs based on RSSI type2. 

From the discussion, we can conclude that both RSSI type1 and RSSI type2 are needed, and at least two types of measurement subframe should be configured to UEs. 
Proposal 1: The eNB should configure UE with two different subframe sets to measure two different types of RSSI, one including signals from all other nodes, another including signals from the nodes not belonging to the same operator and the same RAT.
3 Measurement gap
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. 

[image: image1.emf]Channel Occupancy Status

Alt. 1: Perform meas. in all MGs

Alt. 2b: Reserve MG at fixed point

Alt.2c: Reserve MG after 

            consecutively skiped N-1 MGs

Occupancy duration

Alt.2a: MGs overlapped with 

             occupancy duration is skipped

Skipped MG Reserved MG Normal MG


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 have more flexibility (e.g. on MG period/duration/offset). Mechanisms should be adopted to balance between measurement gap opportunities and channel occupancy opportunities.
4 Carrier Selection 
It has been pointed out in [2] that “As there is a large available bandwidth of unlicensed spectrum, carrier selection is required for LAA nodes to select the carriers with low interference and with that achieve good co-existence with other unlicensed spectrum deployments.”  Usually in multi-carriers scenarios, LAA eNB can use carrier selection (CS) mechanism (e.g. energy detection and carrier sensing) to select one or more low-load carriers for LAA services. Carrier selection is especially suitable for sparse deployment scenarios of LAA and Wi-Fi with more available unlicensed carriers.
The carrier selection can be executed in stages to narrow down the candidate carrier sets. In the first stage, LAA eNB can generate, as an eNB implementation, a candidate carrier set (denoted by Set B) from all available carriers (denoted by Set A), based on the long term energy detection and/or carrier sensing at the eNB side. In the second stage, the PCell should inform UEs of the set B and the DRSs configurations of carriers in Set B, and then SCell(s) transmit DRS(s) on carriers in Set B accordingly; meanwhile, at the UE side, cell/carriers can be detected and DRS-based and/or RSSI-based measurements can be performed with the DRSs. The RRM measurement results and/or the detected cell list are reported to the PCell. According to UE’s measurement feedback and other factors, e.g. traffic load, LAA eNB can further narrow down the candidate carriers (denoted by Set C) for the UE. The PCell should inform the UE of the set C and then perform semi-static SCell addition and activation, i.e. configuring UEs with the selected carriers and activating the configured carriers. Finally, the LAA eNB can perform LBT/CCA on these SCells and transmit downlink data if CCA succeeds. 
From the above discussion, carrier selection performed in stages can fulfil the requirement of LAA, and only a few specification works are needed, i.e. the selected carrier set and their DRS configurations should be informed to UEs.
Proposal 3: Carrier selection can be performed in stages; UE can be configured with the selected carriers and the corresponding DRS configuration for each of the selected carrier. 
5 Conclusion 

In this contribution, we discussed RSSI measurement, multi-carrier CCA operation and carrier selection and have the following proposals:

Proposal 1: The eNB should configure UE with two different subframe sets to measure two different types of RSSI, one including signals from all other nodes, another including signals from the nodes not belonging to the same operator and the same RAT.
Proposal 2: Measurement gap configuration for LAA carrier should be configured independently from the one for licensed carrier and have more flexibility (e.g. on MG period/duration/offset). Mechanisms should be adopted to balance between measurement gap opportunities and channel occupancy opportunities.
Proposal 3: Carrier selection can be performed in stages; UE can be configured with the selected carriers and the corresponding DRS configuration for each of the selected carrier.
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