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1. Introduction

In RAN1#78bis, the following functionalities are agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1].

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
In this paper, we discuss the possible enhancements for coexistence of LAA in unlicensed band, especially in respect of intra-operator and inter operator/RAT interference handling. More specifically, we discuss carrier selection, inter-cell interference coordination and short term interference handling.
2. Carrier selection
Assuming carrier selection is per-cell operation, main motivation of carrier selection for a given LAA cell should be to select a carrier frequency where interference between the given LAA cell and other cells can be minimized. Especially, assuming intra-operator LAA cells can be planned and coordinated to operate with a frequency reuse factor 1, carrier selection in the first step should be in such way that interference between the given LAA cell and other operator’s LAA cells and/or other RAT nodes are minimized. It should be also noted that carrier selection doesn’t occur only during the cell initial set up, but also carrier reselection can be necessary in the middle of the cell operation.

Observation 1: Carrier selection of an LAA cell should be able to consider interference from other operator’s LAA cells and/or other RAT nodes
2.1. Measurement for carrier selection

For the carrier selection operation, eNB should perform measurements on candidate carrier frequencies while UE may also do assistant measurements if there are associated UEs to the eNB. Objectivity of the measurement for carrier selection can be categorized by energy measurement and signal detection.

· Energy measurement

With energy measurement, eNB measures received energy on candidate carriers. Based on the measurement result, eNB may select a carrier where minimum energy has been measured. To measure energy transmitted from inter-operator/RAT nodes separately from the energy transmitted from the intra-operator nodes, a common silent period between intra-operator nodes can be necessary.

· Signal detection

eNB may detect other nodes transmit signals such as PSS/SSS/CRS/DRS, Wi-Fi beacon, etc. Signal detection can provide more concrete information on what kind of networks are operating around the given eNB. On the other hand eNB should do wide range of blind detection of other nodes’ transmit signals since eNB doesn’t know about, for example, cell ID or SSID of the potential neighbour eNBs/APs and the inter-operator/RAT network nodes are not synchronized with the given eNB. Especially for the inter-operator LAA cells, transmit signals from different operators can be differentiated by different signal groups if coordination between operators is possible.

Sharing this information between LAA cells can be useful to optimize the carrier selection based on the full picture of carrier frequency topology. Therefore, LAA nodes may share the measurement information via backhaul. Even inter-operator LAA nodes may share the information via very basic backhaul set up through, e.g. internet.

Suggestion 1: Consider both energy measurement and signal detection as the measurement for carrier selection where energy/signal from inter-operator/RAT nodes may be discriminated from that from intra-operator nodes
3. Interference coordination

In case of inter-operator/RAT coexistence, LBT can be a main solution to cope with the un-coordinated interference caused by different interference sources. However, interference undetected by a carrier sensing node is still a problem to be resolved even with LBT, which is well-known as “hidden node problem”.

Figure 1 depicts the representative scenarios of undetected interference. 

In figure 1(a), UE2’s transmit power undetected by eNB1 causes interference to UE1’s reception, which we call “cross-link interference problem” between DL and UL. It should be noted that this problem occurs even within a single operator’s network if neighbour nodes’ DL/UL timings are not aligned well. Similar cross-link interference problem can occur between eNBs if the eNBs are located closely to each other due to, for example, uncoordinated inter-operator networks deployment.

In figure 1(b), eNB2’s transmit power undetected by eNB1 caused interference to UE1’s reception, which we call “self-link interference problem” in DL. Similarly, UE transmission close to another operator’s eNB can cause UL self-link interference problem when UEs and eNBs belonging to different operator’s networks are located closely.

[image: image1.emf]eNB1 eNB2

UE1 UE2

interference

       [image: image2.emf]eNB1

eNB2

UE1

UE2

interference


(a) cross-link interference                   (b) self-link interference
Figure 1 potential interference problems
In general, LTE system is expected to be more robust to hidden node interferences compared to other technologies such as WiFi, etc. since LTE design is based on the frequency reuse factor 1. That is, MCS adaptation by CSI, power control, fast data recovery by HARQ and ICIC schemes makes LTE system operates efficiently in co-channel or adjacent channel interference environments. Therefore, significance of hidden node problem to LTE system should be studied to introduce solutions to resolve the problem. As for the solutions to the potential problem, several straight forward candidates can be considered as follows.

· Scheme 1. eNB TX – UE TX separation in frequency domain

An LAA cell may select more than 1 carrier as operating carriers to separate eNB’s transmission and UE’s transmission in frequency domain to avoid cross-link interference. This scheme works without any timing alignment between intra-operator LAA nodes and even for inter-operator deployments if carrier frequencies can be coordinated between operators. Also, frequency separation can be rather in a soft manner than hard splitting for efficient frequency resource utilization. For example, carrier frequency F2 can be used for eNB transmission only while carrier frequency F1 can be used for both eNB and UE transmission as depicted in figure 3.

· Scheme 2. eNB TX – UE TX separation in time domain

If timing synchronization is possible among intra-operator LAA cells, UE’s transmission and reception can be separated in time domain to avoid cross-link interference. Time separation can be rather in a soft manner than hard splitting for efficient frequency resource utilization. For example, time period T2 can be used for eNB transmission only while time period T1 can be used for both eNB and UE transmission as depicted in figure 2.
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Figure 2 UE TX-RX separation

· Scheme 3. RX node initiates muting of neighbour nodes

While scheme 1 or 2 above doesn’t involve introducing any new signaling in LAA, it can be considered introducing a broadcast signaling which is initiated by RX node to mute neighbour nodes for a given time duration to prevent interference, which is similar with the virtual NAV setting operation in Wi-Fi [2]. While this approach can address not only inter-link interference problem but also intra-link interference problem in case of inter-operator LAA deployments, complexity in signal design and eNB/UE operation to detect inter-operator eNB/UE’s broadcast signal should be studied further.
Suggestion 2: Following candidate solutions can be considered further to address potential interference problems in LAA
· eNB TX – UE TX separation in frequency domain
· eNB TX – UE TX separation in time domain

· RX node initiated muting of neighbour nodes

4. Handling short term interference variation
When LAA network coexists with Wi-Fi network, interference even within a 1 ms subframe can vary dynamically due to short packet transmission by Wi-Fi nodes. Typically, packet size of RTS/CTS/ACK can be around 40 us or shorter [2] which can affect one or two LTE SC-FDM/OFDM symbols within a subframe. This short term interference variation can affect PDSCH demodulation performance or CSI measurement performance in an LAA carrier as follows.
1. Since PDSCH RE mapping follows frequency-first mapping, a single code block can be corrupted due to a short interference peak even though average interference level of the subframe is endurable. → A simple solution is to interleave code blocks in a PDSCH before transmission
2. Since CSI-IM resource occupies only two symbols in a subframe, interference measurement from a single CSI-IM resource may not reflect correct statistics of interference due to fast interference variation within a subframe → A simple solution is to distribute CSI-IM over more OFDM symbols in a subframe
Figure 3 shows simulation results of PDSCH decoding performance with short term interference. In the simulation, we assumed an arbitrary single OFDM symbol duration within a subframe experiences 10 dB larger interference than noise floor. In the simulation, we also observed the performance with inter-code block interleaving of PDSCH. As shown in the figure, additional interleaving to current PDSCH RE mapping can enhance the performance largely in the short term interference environments.

Suggestion 3: In LAA, enhancements to the PDSCH decoding and CSI measurement should be studied to handle very short term interference variation due to coexisting WiFi network
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Figure 3. PDSCH decoding performance with short term interference

Table 1. Simulation assumptions

	Centre frequency
	5 GHz

	Antenna configuration
	2x2

	Channel: ETU
	3 km/h

	System bandwidth
	10 MHz

	TM
	transmission diversity (CRS based)

	Data resource
	50RB, 14 OFDM symbols (no PDCCH symbols)

	Short term interference timing
	uniform distribution in 1msec subframe

	Short term interference duration
	1 OFDM symbol duration (71.35μsec)

	SNR of short term interference
	10 dB higher than noise floor


5. Summary and conclusions

In this paper, we discussed the possible enhancements for coexistence of LAA in unlicensed band, especially in respect of transmit power control and interference handling. The observations and suggestions are summarized as follows.
Observation 1: Carrier selection of an LAA cell should be able to consider interference from other operator’s LAA cells and/or other RAT nodes
Suggestion 1: Consider both energy measurement and signal detection as the measurement for carrier selection where energy/signal from inter-operator/RAT nodes may be discriminated from that from intra-operator nodes
Suggestion 2: Following candidate solutions can be considered further to address potential interference problems in LAA
· eNB TX – UE TX separation in frequency domain
· eNB TX – UE TX separation in time domain

· RX node initiated muting of neighbour nodes

Suggestion 3: In LAA, enhancements to the PDSCH decoding and CSI measurement should be studied to handle very short term interference variation due to coexisting WiFi network
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