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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
Among those functionalities, LBT (Listen-before-talk) can be considered as a pre-requisite functionality for coexistence of LAA with inter-operator/RAT networks. When an LAA network operates with LBT functionality or there is coexisting inter-operator/RAT networks operating with LBT functionality, LAA eNB or UE experiences very fast interference variation compared to the conventional LTE deployment environments. In this paper, we discuss CSI measurement and interference handling for LAA deployments.

2. CSI measurement with LBT operation
When an LAA network is operating with LBT, interference varies very fast due to intermittent transmission of LTE and/or WiFi nodes. Assuming LBT functionality operates properly, most appropriate period for interference measurement to construct a DL CSI for a given UE is during the UE’s serving eNB is transmitting something in DL. This is because other nodes within a carrier sensing coverage would not generate interference by LBT operation when the serving eNB transmits something in DL. During the serving eNB does not transmit, various interference can be generated by neighbor nodes, which does not reflect the interference characteristics during the UE is receiving DL transmission from the serving eNB.
Figure 1 shows initial system-level evaluation results of the normalized average UPT of two coexisting DL-only LAA networks with LBT depending on the interference measurement instances for DL CSI feedback. In the results, “at all SFs” indicates interference measurement over all the subframes and “within TX burst” indicates interference measurement only over the serving eNB’s DL TX bursts. Detailed simulation assumptions can be found in the annex.
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Figure 1. DL average UPT of LAA network with LBT (Indoor, Traffic load: 3.5 packets/sec/cell)
As shown in the figure, UPT performance with CSI feedback based on interference measurement within TX burst outperforms much the case with CSI feedback based on interference measurement over unrestricted time instance. Therefore it should be considered to restrict the interference measurement for DL CSI feedback within the serving eNB’s transmission burst.
Moreover, measured CSI value at a given time instance may not be valid after, for example, 4 ms feedback delay since interference variation in unlicensed band would be much faster than in conventional LTE system. Therefore, mechanism to reduce the CSI feedback delay to much less than 4 ms should be studied for efficient LAA operation.
Suggestion 1: In LAA, CSI feedback enhancement considering LBT operation of LAA cell and coexisting networks should be studied

· consider restricting the interference measurement for DL CSI feedback within the serving eNB’s transmission burst
· consider reducing CSI feedback delay to much less than 4 ms
3. Handling interference variation within a subframe
When LAA network coexists with WiFi network, interference even within a 1 ms subframe can vary over large range due to short packet transmission by WiFi 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 can corrupt a single code block or a specific OFDM symbol carrying CRS or URS which may result in erroneous reception of whole subframe.
For PDSCH in LAA, two approaches can be considered to mitigate the problem of short term interference.
· Time domain interleaving or RE mapping of each code block over distributed OFDM symbols within a subframe

· Distributing RS over OFDM symbols within a subframe

Figure 2 shows simulation results of PDSCH decoding performance with and without 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 time-first RE mapping, which is not current RE mapping for PDSCH. As shown in the figure, short term interference largely degrades PDSCH decoding performance. It can be also seen that some modification of current PDSCH RE mapping can enhance the performance largely.
Suggestion 2: In LAA, enhancements of PDSCH/PUSCH decoding performance should be studied in the very short term interference environments due to coexisting WiFi network
[image: image2.emf]1.00E-02

1.00E-01

1.00E+00

-5 0 5 10 15 20 25

BLER

SINR [dB]

TBS 6, no interf

TBS 6, interf

TBS 6, interf, time-first

TBS 12, no interf

TBS 12, interf

TBS 12, interf, time-first

TBS 18, no interf

TBS 18, interf

TBS 18, interf, time-first

TBS 24, no interf

TBS 24, interf

TBS 24, interf, time-first


Figure 2. PDSCH decoding performance with and without 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


4. Summary and conclusions

In this paper, we discussed CSI measurement and interference handling for LAA deployments. Based on the discussion, we suggest the followings.
Suggestion 1: In LAA, CSI feedback enhancement considering LBT operation of LAA cell and coexisting networks should be studied

· consider restricting the interference measurement for DL CSI feedback within the serving eNB’s transmission burst
· consider reducing CSI feedback delay to much less than 4 ms
Suggestion 2: In LAA, enhancements of PDSCH/PUSCH decoding performance should be studied in the very short term interference environments due to coexisting WiFi network
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 Annex: system simulation assumptions

Table A: Indoor scenario

	
	uSCell
	WiFi

	Layout for nodes
	The small cells are equally spaced in the center of the building for all nodes.

 SHAPE  \* MERGEFORMAT 





	System bandwidth per carrier
	20MHz

	Carrier frequency 
	5.0GHz

	Carrier number
	X (Number of nodes of each operator)
Y (Number of carrieres)
· X = 4, Y = 2

	Total BS TX power
	18 dBm (Ptotal per carrier) 

	Total UE TX power 
	18 dBm

	Distance-dependent path loss
	ITU InH [referring to Table B.1.2.1-1 in TR36.814]

	Traffic model
	FTP model 1, Packet size: 0.5 Mbytes

	BS/AP selection
	Best RSRP based cell selection

	Network synchronization
	Synchronous within the same operator and asynchronous between different operators
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