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1 Introduction
The following was concluded with respect to time and frequency synchronization for LAA in the TR 36.889:

Time and Frequency Synchronization

A recommended design target for LAA should be that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

-
Serving cell’s DRS for RRM measurement

-
Reference signals embedded within DL transmission bursts (e.g. CRS and/or DMRS)

The serving cell’s DRS used for RRM measurements can be used at least for coarse time and frequency synchronization. Reference signals embedded within the DL transmission bursts can be used at least for fine time and frequency synchronization. It should be noted that any additional reference signals present can also be used.
One of the remaining open issues is the support for fine synchronization for discontinuous transmission as was raised in the email discussions [82-10] and [82-11]. 

[82-10] Proposals for LAA cell detection and synchronization:
•       Consider the following options for detecting transmissions from a serving cell at the start of the DL transmission burst or during a DL Tx burst:
–      Option 1: detection of initial signal, which starts before the first data/control OFDM symbol of the DL transmission burst
•       Ex 1: CRS/SSS/PSS in 3 OFDM symbols
•       Ex 2: SSS/PSS in 2 OFDM symbols
–      Option 2: detection of CRS at least in the first OFDM symbol with CRS in a TTI in any DL TTI within the DL transmission burst

–      Option 3: detection of a common DCI transmitted over PDCCH or EPDCCH in any or first DL TTI of the DL transmission burst

–      Option 4: detection of a common signaling transmitted in any or first DL TTI of the DL transmission burst

–      Option 5: detection of a UE-specific DCI transmitted over PDCCH or EPDCCH in any DL TTI of the DL transmission burst

–      Note that the options above may not be mutually exclusive

•       In the above options, FFS how fine synchronization is achieved if the TTI contains CRS only in the first OFDM symbol or contains no CRS (if supported)

–      E.g. in the first subframe of a DL transmission burst, or in the first subframe after a UE comes out of DRX

[82-11] Proposals for LAA – Subframes with MBSFN structure:
Transmission of DL subframes (or TTI) with CRS only in the first (first two) symbol(s) is supported in LAA

–     Note: CRS is present in 1/2 symbols when (1 or 2)/4 port CRS is configured

–     PDSCH mapping from the second symbol is allowed in such subframes (or TTI)

–     FFS This applies to any subframe (or TTI) in a DL transmission burst

–     FFS restrictions to ensure fine synchronization. For e.g.,  first subframe (or TTI) in a DL transmission burst

–     FFS configuration/signalling of such subframes (or TTI)

–     FFS: partial subframes

Another open issue is ensuring robustness of LAA synchronization performance considering DRS transmission is subject to LBT and reception opportunity at the UE. In this contribution, we present our views on both issues.
2 Remaining LAA Synchronization Issues
2.1 Ensuring robust synchronization performance
According to the current CA assumption, the aggregated cells are synchronized to some extent, i.e. aligned frame timing and SFN. Thus, similar requirement could be applied to the PCell and LAA cells on the unlicensed band. However, in general UE cannot utilize timing and frequency of the PCell for coarse synchronization of LAA cells since the timing offset can be up to ~30us (e.g. non-located scenario 4) and frequency reference may not be reliable due to the band distance between PCell and LAA cell (2GHz PCell and 5GHz LAA cell). To this end, as has been agreed in the study item phase, the discovery signal used for cell discovery/RRM measurement can be used for maintaining at least coarse synchronization with the LAA cell (e.g. < ±3μs timing synchronization error and < ±0.1ppm frequency synchronization error).
Inter-DRS latency as seen by the LAA cell transmitting the DRS is evaluated for indoor scenario with one Wi-Fi operator and one LAA operator sharing a single unlicensed carrier. Low, medium and high Wi-Fi BO is simulated. LAA traffic is not simulated to approximate a low LAA traffic scenario. DMTC period is assumed to be 40ms. As observed from Figure 1, inter-DRS latency generally gets worse as Wi-Fi traffic load increases. The inter-DRS latency can be rather significant. It is observed that in the high BO case, there is ~60% probability that the inter-DRS latency is ~40ms. Moreover, there is ~5% probability that inter-DRS latency is ≥ 320ms.  
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Figure 1: Inter-DRS latency CDF
Observation 1: For the agreed DRS Alt2, there is ~60% probability that the inter-DRS latency is ~40ms. Moreover, there is ~5% probability that inter-DRS latency is ≥ 320ms.

The inter-DRS latency as seen by the UE can be worse considering the possibility of misdetection by the UE. Discovery signal misdetection can be due to actual misdetection due to low SINR or channel fade, or due to UE unavailable for detection because of DRX or inter-frequency measurement during DMTC occasion. This is consistent with the fact that RAN4 typically specifies relaxed performance requirement for cell detection and RRM measurement for UEs performing DRX or inter-frequency measurement. It is estimated that when the inter-DRS latency is ~3s or more, performance degradation due to the resultant clock drift will become too significant.
It is generally a good idea to design with sufficient margin. To protect against discovery signal misdetection by UE and/or failed discovery signal transmission by the eNodeB due to CCA check failure, it would be beneficial to transmit PSS and SSS in the beginning of the DL transmission burst (as initial signal). This enables the UE to reacquire at least coarse synchronization if necessary and avoid scheduling delay. Although the UE might not be able to receive control/data while the UE is reacquiring coarse synchronization (e.g. in the first subframe of the transmission burst), the UE can still be scheduled in the later subframes, minimizing performance loss. 
In addition, the PSS/SSS as initial signal can serve other useful purposes such as assisting UE with power efficient DL transmission burst detection [1].
Proposal 1: In order to enable control/data transmission despite discovery signal misdetection by UE and/or failed discovery signal transmission by the eNodeB, PSS/SSS to support at least coarse synchronization should be transmitted as initial signal of a LAA DL transmission burst. 
2.2 Fine synchronization
Assuming the UE has already acquired coarse synchronization, fine timing/frequency tracking is required, especially critical for data with high MCS assignment such as 256QAM. The physical signal that can support fine time/frequency tracking should be wideband and transmitted with enough frequency and time density. One proven physical signal candidate is the CRS as was studied in Rel-11 CoMP and Rel-12 NCT. It was agreed at the time that utilizing DM-RS alone is not sufficient since the number of DM-RS REs can be too small for accurate frequency offset correction if the number of PRBs assigned to the UE is not sufficiently large. 
Observation 2: CRS should be used for fine synchronization.

At 5GHz, assuming UE has achieved coarse frequency synchronization of < ±0.1ppm, there is still < ±500Hz frequency offset to be corrected with post-FFT processing. One of the open issues discussed under email discussion [82-10] and [82-11] is whether having CRS only in the first OFDM symbol of a TTI would be sufficient to achieve fine frequency synchronization. Frequency error can be corrected by detecting the phase drift between two CRS samples at different times (assuming the channel experienced by the CRS has not changed at the different times). Generally, the performance frequency offset correction is determined by the time difference between the CRS samples, the SINR and the number of CRS samples. Larger frequency offset can be corrected with larger time difference between CRS samples. However, too much time difference can also introduce phase ambiguity if phase drift due to the frequency error exceeds π rad, i.e. |2 π Δf Δt | ≥ π, where Δf is the frequency error and Δt is the time difference. With ±500Hz frequency offset, phase ambiguity can be resolved as long as the time difference Δt is < 1ms. This implies that having CRS only in the first OFDM symbol of a TTI would not be sufficient to achieve fine frequency synchronization. 
Observation 3: CRS only in the first OFDM symbol of a TTI is not sufficient to achieve fine frequency synchronization.
We propose that CRS should be transmitted according to RE mapping for normal DL subframe in at least one subframe of a DL transmission burst to support fine synchronization. Clearly, it would be best to transmit the CRS required for fine synchronization from the beginning of the DL transmission burst. If partial subframe is transmitted (e.g. one slot), “full” CRS should be transmitted in the partial subframe as well as the first full subframe of the burst to guarantee performance. Similar to the previous release, not every subframe with PDSCH needs to transmit full CRS symbols in order to reduce CRS overhead. For the rest of DL subframes within the burst, when MBSFN subframe is configured, only the first/first two OFDM symbol(s) of a subframe may contain CRS; otherwise, full CRS should be transmitted.
Proposal 2: 
· CRS should be transmitted according to RE mapping for normal DL subframe in at least the first subframe of a DL transmission burst to support fine synchronization. 
· If partial subframe is transmitted, “full” CRS should be transmitted in the partial subframe as well as the first full subframe of the burst. 

· For the rest of DL subframes within the burst, when MBSFN subframe is configured, only the first/first two OFDM symbol(s) of a subframe may contain CRS; otherwise, full CRS should be transmitted.
If the network wants to minimize CRS overhead within a DL burst, subframe with full CRS may only be present at the beginning of a DL burst. There was some concern about how UE can achieve fine synchronization if the UE wakes up from DRX in the middle of a DL burst. However, this issue does not seem significant as it can be easily resolved by the network implementation. For example, the network can first schedule the UE on licensed spectrum to trigger continuous reception by the UE (i.e. trigger inactivity timer) on all serving cells. Control signalling can then be sent to trigger DL burst detection by the UE on unlicensed carrier. The scheduling DCI and the control signalling can also be sent simultaneously in a subframe.

Finally, the figure below illustrates our proposed LAA synchronization framework.
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Figure 2: LAA synchronization framework
3 Conclusions
Our observations and proposals are given below.
Observation 1: For the agreed DRS Alt2, there is ~60% probability that the inter-DRS latency is ~40ms. Moreover, there is ~5% probability that inter-DRS latency is ≥ 320ms.

Observation 2: CRS should be used for fine synchronization.

Observation 3: CRS only in the first OFDM symbol of a TTI is not sufficient to achieve fine frequency synchronization.

Proposal 1: In order to enable control/data transmission despite discovery signal misdetection by UE and/or failed discovery signal transmission by the eNodeB, PSS/SSS to support at least coarse synchronization should be transmitted as initial signal of a LAA DL transmission burst. 
Proposal 2: 
· CRS should be transmitted according to RE mapping for normal DL subframe in at least the first subframe of a DL transmission burst to support fine synchronization. 

· If partial subframe is transmitted, “full” CRS should be transmitted in the partial subframe as well as the first full subframe of the burst. 

· For the rest of DL subframes within the burst, when MBSFN subframe is configured, only the first/first two OFDM symbol(s) of a subframe may contain CRS; otherwise, full CRS should be transmitted.
References
[1] R1-155471
LAA transmission burst detection
Samsung

[image: image3.png]


[image: image4.png]



PAGE  
3

_1500906573.vsd
�

time


DL data burst (CRS in every subframe)


DMTC occasion


DMTC Period


DRS for RRM and at least for maintaining coarse synchronization


PSS and SSS (as part of initial signal)


DL data burst (CRS in every subframe)



