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1. Introduction
During the email discussion after the RAN1 #82 meeting [1], following methods for detecting serving cell ID from received transmission burst were identified, and the latest version of the corresponding wayforward R1-154974 is described as follows:
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 each 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
In this contribution, we discuss some aspects of the above options, and introduce a compact initial signal design with low overhead for efficient detection of serving cell signal in the unlicensed band environment.  Some link level simulations on selected schemes from above are compared.
2. Some observations on the options for serving cell detection
Unlike the LTE operation in the license band, the start time of the LAA DL transmission burst can be at any instant of a subframe.  Reservation signal enables such opportunistic transmission of LTE signal in the unlicensed band, while keeping the CA principle intact, in terms of subframe timing.  One necessary assumption on the length of reservation signal for high probability of shared channel reservation is that it can be flexible in total length so that it can include partial OFDM symbol length.  With the possibility having reservation signal consisted of less than one OFDM symbol,  the reservation signal alone, however, makes it challenging for UE’s detection of serving cell signal (serving cell ID detection), since its main purpose is to reserve the channel, and, thus, can be implementation specific.  Therefore, signal portion, most likely an OFDM symbol or mutiple, other than the reservation signal is needed for successful serving cell ID detection from the incoming signal.
Ideally, the CRS detection method listed as “Option 2” in section 1 can maximize the transmission efficiency, since no overhead, other than reservation signal, is needed for cell ID detection.  However, one of the drawbacks of CRS based detection of physical layer cell identity (PCI) is complexity involving cross-correlation operation to fairly long Gold sequence used for generating CRS.  For best sequence detection performance, the UE might need to compare all existing/available PCIs (i.e. 504 IDs), unless some threshold based decision making mechanism is utilized at the expense of better detection error rate performance.  In addition, CRS detection method is vulnerable to carrier frequency offset (CFO), unless a non-coherent detection method is used for detecting the sequence generated for serving cell’s CRS.  Non-coherent detection, however, is definitely worse than coherent detection method.
Observation 1: Although no overhead is required, CRS sequence detection base method involves complexity and CSI at the UE for the best PCI detection performance.
Another method of minizing overhead is detection of UE-specific/common DCI in the DL transmission burst.  Just like the CRS sequence detection method, “Option 3 or 5” in section 1 involves no additional overhead in the DL transmission burst other than the reservation signal.  However, one of the drawbacks of DCI based approach is that it involves massive power-consuming blind detection procedure in the (e)PDCCH region in data the portion of DL.  In a unlicensed channel with high traffic density, this blind decoding procedure attempting to decode Wi-Fi signal can happen quite often.  False alarm detection probability is a separate issue, because it is common to all self-carrier scheduled LAA DL transmission schemes.
Observation 2: Although no overhead is required, DCI detection base method involves complexity, CSI, and relatively high power consumption at the UE for the best detection performance.
In contrast to non overhead based CRS or DCI based approaches, initial signal as listed as “Option 1 and 4” in section 1 can be utilized for detection of serving cell’s signal with overhead of 1 ~ 3 OFDM symbols.  One of the drawbacks of initial signal based approach is the overhead itself.  The overhead can possibly limit the effective transmission duration for data portion, especially considering maximum channel occupancy time (max. COT) is limited in some regions (e.g. 4ms in Japan).  Thus, it is highly desirable to be as short as possible (i.e. 1 OFDM symbol).
Most straight forward way is utilizing current PSS/SSS for the initial signal.  One benefit of having PSS is that fine OFDM symbol time synchronization can be achieved with existing PSS signal.  Since detection of PSS/SSS is already in practice in the licensed bands, it may be also used for detection of DRS as well.  It is known that PCI detection performance depends more on SSS than PSS.
Observation 3: Although overhead is inevitable, initial signal base method provides fine symbol time synchronization performance.  Measurement procedure through detection DRS can be resued for detection of initial signal.  Considering max. COT, one OFDM symbol for initial signal is desirable for maximizing data transmission efficiency.  Successful detection of SSS determines the PCI detection performance.
2.1. Compact design of initial requiring one OFDM symbol
In order to maximize the actual data transmission efficiency, it is desirable to minimize the length of the initial signal for incoming DL burst’s PCI detection.  Therefore, initial signal can be located after transmission of reservation signal consisted of one OFDM symbol to efficiently help determine UE to identify DL signal originated from the serving cell, without involving any demodulation of data part.  Figure 1 illustrates the overall transmission timing of initial signal with relation to reservation signal and data portion.
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Figure 1 transmission timing of the initial signal
2.1.1. Channel reservation part before transmission of the initial signal
After LBT operation, a reservation signal can be transmitted to reserve the shared channel for DL data burst.  The reservation signal itself can be of any signal design with flexible length, but one observation remains clear that the length of a reservation signal can be pre-determined with precise amount of time domain samples once eNB has confirmed to access the channel.  As discussed in [2], the OFDM symbol itself can be divided into 137 or 138 sequencial parts with integer signal samples for the 20MHz, 15MHz, 10MHz and 5MHz bandwidth cases, as shown in Figure 2.  The length of each sequence is a function of system bandwidth.
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Figure 2 Suggested granularity for reservation signal which can compose an OFDM symbol
2.1.2.  Composition of initial signal consisting one OFDM symbol
The detailed frequency domain illustration of figure 1 is shown below in figure 3.  The detection performance of PCI through PSS and SSS depends largely on detection performance of SSS.  The detection performance of SSS is a function how accurate the channel estimation result is, if coherent detection is considered.  Since there is no channel coding applied to SSS, the length of the SSS, signal to interference plus noise ratio, and its auto-correlation property is the major factor determining the detection performance of SSS.  

However, if both PSS and SSS are allocated in a single OFDM symbol as an initial signal, the frequency domain channel estimation value obtained by PSS sequence detection [3] is no longer available.  SSS detection based on non-coherent scheme, as described in the literature [3], can be identified as an alternative approach, but its performance is definitely worse than coherent detection method.

Thus, assuming PSS is allocated at the frequency center 6 PRBs, one solution to have both coherent demodulation of SSS and overhead requiring only one OFDM symbol is to spread the SSS in the frequency domain, while allocating the CRS at the same time for channel estimation of SSS, as shown in figure 3.  However, there is not enough resource element (i.e. subcarriers) left by allocating PSS, SSS, and CRS in the same OFDM symbol, especially for bandwith of 5MHz case.  In case of 25 PRB system bandwith (5MHz), simply 19 PRBs are left for SSS allocation.  If 2 port CRS is assumed, 19x8 = 152 subcarriers are available for allocation of SSS, we suggest two alternatives for mapping SSS in the frequency domain as follows.

Alt.1: Mutiple conventional SSS (i.e. 62 BPSK symbols) can be mapped to available subcarriers in this case.  For 5MHz system bandwidth, about 2 conventional SSSs can be mapped to available subcarriers.  This might involve identification indices 
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Alt.2: Second order Reed-Muller encoded (24,8), BPSK modulated, and frequency-domain spreaded symbols can be mapped in frequency domain. 

For alt. 2, the SSS ID (i.e. 
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) is represented as 8 bit, and encoded.   Although RM channel decoder can be utilized for direct identification/decoding of encoded SSS ID, pre-encoded set of 168 codewords (length 24) is apriori, and it can be used for picking the maximum cross-correlation result without involving channel decoding operation at the UE side.  For better PCI detection probability, we suggest Alt. 2 for compact initial signal. 
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Figure 3 Frequency domain structure of the proposed compact initial signal
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Figure 4 Frequency domain structure of the PSS/SSS/CRS based initial signal with 2 OFDM symbols for link level peformance comparison
3. Numerical comparison of cell detection schemes
In this section, we compare cell detection performance of some selected proposed schemes listed in section 1.  A summary of simulation assumptions are listed in Table 1 at the appendix section.  In figure 5, link level performance comparison among compact initial signal, initial signal of PSS/SSS/CRS with 2 OFDM symbols (i.e. Option 1), and CRS sequence detection based method is shown.  For the PSS/SSS/CRS initial signal with 2 OFDM symbols, the center 6 PRBs are occupied with SSS for the first OFDM symbol, and PSS for the second OFDM symbol.  As illustrated in  figure 4, CRS is mapped in PRBs not occupied by PSS/SSS due to bandwidth requirement set by radio regulation in some regions (i.e. at least 80% of bandwidth).  For both compact initial signal and initial signal, PSS determination is estimated in time domain.  
When there is no CFO observed at the receiver side, CRS based scheme performs better than compact initial signal based scheme or initial signal with 2 OFDM symbols.  More than 1 dB SNR gain is observed at missed PCI detection  rate of 1%, compared to the compact initial signal scheme.  However, if CFO is present at the receiver side, the comparison result is reversed.  It seems that there is negligible degradation occurred by CFO for both compact and 2 OFDM symbol based initial signal methods, whereas a large degradation is observed (roughly more than SNR of 8dB) for CRS based scheme at missed PCI detection rate of 1%. 
Proposal 1: Encoded SSS spread in frequency offers robust detection performance than mapping conventional SSS.  Compact initial signal design enables mapping of PSS/SSS/CRS in one OFDM symbol.
Proposal 2: Compact initial signal with one OFDM symbol is robust against CFO.  Complexity wise, it is lower than CRS based method.
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Figure 5 PCI detection error rate of proposed schemes
4. Conclusion

In this contribution, we discussed some possible solutions for LAA serving cell detection and synchronization.  The followings are our observation and proposal: 

Observation 1: Although no overhead is required, CRS sequence detection base method involves complexity and CSI at the UE for the best detection performance.
Observation 2: Although no overhead is required, DCI detection base method involves complexity, CSI, and relatively high power consumption at the UE for the best PCI detection performance.
Observation 3: Although overhead is inevitable, initial signal base method provides fine symbol time synchronization performance.  Measurement procedure through detection DRS can be resued for detection of initial signal.  Considering max. COT, one OFDM symbol for initial signal is desirable for maximizing data transmission efficiency. Successful detection of SSS determines the PCI detection performance.
Proposal 1: Encoded SSS spread in frequency offers robust detection performance than mapping conventional SSS.  Compact initial signal design enables mapping of PSS/SSS/CRS in one OFDM symbol.
Proposal 2: Compact initial signal with one OFDM symbol is robust against CFO.  Complexity wise, it is lower than CRS based method.
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Appendix

Table 1 is a summary of link-level simulation assumptions. 

Table 1: Link-level simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	5.8GHz

	System bandwidth
	5 MHz

	Channel model
	EPA

	UE speed
	3 km/h

	Antenna set up
	2-Tx 1-Rx

	Number of CRS ports
	Port 0 and port 1

	Channel estimation
	Realistic (least squares, linear interpolation between CRS REs)

	Equalization method
	1) CSI of OFDM #4 is used for equalization of CRS at OFDM #7 for CRS based method
2) For PSS/SSS/CRS based initial signal with 2 OFDM symbol, algorithm described in [3] is used for coherent detection of SSS
3) CRS of its own signal is used for equalization of compact initial signal

	CP type
	Normal CP

	Synchronization
	perfect

	Carrier frequency offset
	0.1 PPM

	Channel coding for compact initial signal
	RM with mother code rate (24,O)

	Sequence correlation and detection method
	Compare cross-correlation result to all known sequences and pick maximum
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