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1. Introduction

In RAN1#79, the following agreements were made related to measurement and synchronization issues in LAA [1]. 

	Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE
Agreements:
· For LAA design option,

· Support at least 20MHz system BW option in the 5GHz band

· System bandwidths < 5 MHz are not considered for PHY layer options in LAA


Based on the above agreements, this contribution discusses further details regarding synchronization and measurements in LAA.

2. RRM measurements in LAA
As already agreed in RAN1, LAA should provide functionality for RRM measurements on unlicensed band. According to the nature of discontinous transmission in LAA DL, DRS as in Rel-12 small cell operation can be assumed as baseline for RRM measurements of serving cell and neighbor cells.

Suggestion 1: In LAA, DRS is baseline for RRM measurements of serving cell and neighbor cells.

Regarding DMTC/DRS occasion, Rel-12 configuration can be considered as baseline while required periods for DMTC in LAA may have to be investigated further considering the potential impairments of DRS transmission due to the nature of unlicensed carrier. Therefore, we suggest the followings. 

Suggestion 2: In LAA, agree the followings as baseline assumptions for DMTC/DRS

· Length of DRS occasion can be configurable within 1~5 subframes.

· 6 subframe-length DMTC with configurable period and offset is given to a UE where the UE can perform RRM measurements using DRS
· Required periods for DMTC should be investigated further

Moreover, DRS transmission at eNB side may follow LBT operation depending on the regional regulation and the operator’s strategy. If the channel is seen busy at DRS transmission timing in a DMTC, two strategies can be considered:
· eNB drops DRS transmission in the DMTC

· eNB delays DRX transmission until channel is seen idle within DMTC
The former strategy maintains fixed position of DRS occasion of a serving cell within a DMTC while the later strategy incurs flexible DRS occasion position within a DMTC as illustrated in figure 1. While fixed DRS position leads to simpler specification works, difference of opportunity to transmit DRS with two options should be investigated further. In any cases, DRS can be dropped if the eNB fails to find idle channel within a DMTC.
Suggestion 3: In LAA, DRS transmission at eNB side may follow LBT operation, where DRS occasion within a DMTC can be dropped due to busy channel.
[image: image1.emf]3 subframe DRS

DMTC

drop DRS TX

CCA idle CCA busy


(a) DRS occasion with fixed position in DMTC
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(a) DRS occasion with flexible position in DMTC

Figure 1. DRS occasion in DMTC
For a LAA network, it will be beneficial to measure interference from inter-operator/RAT nodes for e.g., network planning, carrier selection, etc. For this purpose, an intra-operator cell common muting period of eNBs/UEs can be introduced
Suggestion 4: In LAA, An intra-operator cell common muting period of eNBs/UEs can be introduced for interference measurement from inter-operator/RAT nodes.
3. Synchronization in LAA
As already agreed in RAN1, LAA should provide functionality for time/frequency synchronization on unlicensed band. Basically, a UE can utilize licensed band carrier as a reference for time/frequency synchronization under the current assumption on CA of licensed carrier and unlicensed carrier in LAA. However, in case where non-collocated eNBs support licensed band PCell and unlicensed band SCell separately in a CA scenario, there can exist maximum around 30 us timing difference between PCell and unlicensed band SCell. Also, error between relative carrier frequency between two eNB’s can be, e.g., up to 0.2 ppm if the requirement for local area eNB is assumed. Therefore, signal(s) for course time/frequency synchronization should be provided on unlicensed carrier at least for non-collocated CA scenario.
Suggestion 5: Signal(s) for course time/frequency synchronization should be provided on unlicensed carrier at least for non-collocated CA scenario in LAA.

Since DRS contains signals such as PSS/SSS/CRS(/CSI-RS) and DMTC for DRS occation is known to a UE, DRS can be considered as a reference for course synchronization in an unlicensed band carrier. Even though DRS transmission in a DMTC can be omitted due to LBT operation, it is general understanding that once a UE has detected the first strongest path for a serving cell, it doesn’t change quite a long time in most cases. Moreover, in [2] during Rel-12 D2D work, RAN4 has confirmed their opinion that “the component of carrier frequency error corresponding to the change in UE’s oscillator frequency due to variations in temperature can be assumed to be in the order of ±0.1ppm/sec”, which may mean that once the UE has fixed its frequency offset to the unlicensed carrier via DRS, the frequency can be maintained with a very high accuracy for a long time (e.g., ±0.01 ppm per 100 ms).
Suggestion 6: In LAA, DRS can be used at least for course time/frequency synchronization
Therefore, it can be assumed that UE can perform time/frequency synchronization refering to DRS and then use CRS/URS/CSI-RS imbedded in each data burst for data demodulation.
4. AGC setting in LAA
In general, AGC controls power amplier gain roughly reflecting the total received power. Due to the discontinous transmission behaviour in unlicensed band, UE needs to adapt its AGC setting based on the transmission periods of its serving cell. Since AGC setting doesn’t need to be adapted very fastly in most cases, DRS transmission from the serving cell can be used for the UE’s AGC setting as well as other discontinous transmissions from the serving cell so that UE can usually maintain proper AGC setting even when the data transmission from the serving cell is not frequenct enough.
Suggestion 7: In LAA, DRS can be used for AGC setting of the UE
5. Enhancements to LBT for DRS
DRS transmission can be dropped if channel is seen busy when DRS transmission follows LBT operation. Therefore, further enhancements can be considered to increase the chance for DRS transmission and to guarantee proper UE implementation.

· eNB may transmit reservation signal before DRS transmission to maintain channel occupation

· UE requirements on the measurement/synchronization performances regarding DRS can be defined based on the recent DRS reception statistics

· Information regarding current DRS transmission can be indicated via licensed band serving cell 
Suggestion 8: In LAA, further enhancements to LBT operation for DRS should be considered to increase the chance for DRS transmission and to guarantee proper UE implementation
6. Summary and conclusion
In this contribution, we discussed discusses details regarding synchronization and measurements in LAA.. Our suggestions are summarized as follows:
Suggestion 1: In LAA, DRS is baseline for RRM measurements of serving cell and neighbor cells.

Suggestion 2: In LAA, agree the followings as baseline assumptions for DMTC/DRS

· Length of DRS occasion can be configurable within 1~5 subframes.

· 6 subframe-length DMTC with configurable period and offset is given to a UE where the UE can perform RRM measurements using DRS
· Required periods for DMTC should be investigated further

Suggestion 3: In LAA, DRS transmission at eNB side may follow LBT operation, where DRS occasion within a DMTC can be dropped due to busy channel.
Suggestion 4: In LAA, An intra-operator cell common muting period of eNBs/UEs can be introduced for interference measurement from inter-operator/RAT nodes.
Suggestion 5: Signal(s) for course time/frequency synchronization should be provided on unlicensed carrier at least for non-collocated CA scenario in LAA.

Suggestion 6: In LAA, DRS can be used at least for course time/frequency synchronization
Suggestion 7: In LAA, DRS can be used for AGC setting of the UE
Suggestion 8: In LAA, further enhancements to LBT operation for DRS should be considered to increase the chance for DRS transmission and to guarantee proper UE implementation
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