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 In the email discussion following the RAN1 #82 meeting, the following options were discussed for detecting transmissions from a serving cell at the start of a DL transmission burst or during a DL Tx burst:

•       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

In this contribution, we discuss considerations in initial signal design.
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In general, LAA DL transmission burst design can be modeled after LTE’s or WiFi’s. 
If modeled after LTE’s design, then there are only limited locations where a DL transmission burst can start.
On the other hand, modeled after WiFi, then some preamble with a few signaling fields at the beginning of the transmission burst can be used to indicate to a UE the start of a DL transmission burst; and there is not much restriction on timing where the transmission burst starts. 
Considering eNB implementation complexity/UE receiver complexity, it is necessary to limit the number of partial subframe configurations supporting data/scheduling transmission. Then the difference between the above two design principles becomes blurred.  

In the following, we assume that the portion with data and/or scheduling grant in a (partial) subframe can start at a limited candidate set: symbol 0 and 7 only in a subframe.  It is clear once this restriction is enforced, eNB needs to transmit some signal until reach symbol 7 in a subframe or symbol 0 in the next subframe in many cases; and it opens door to use reservation signal and initial signal to achieve better receiver performance.

[image: ]

Figure 1 RE mapping for the central 6 PRBs
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Figure 2 RE mapping outside the central 6 PRBs

We can consider the introduction of initial signal design as follows:

1. 2 OFDM symbols are used for initial signal;
2. In the central 6 PRBs, PSS is followed by SSS in the time domain;
3. Outside the central 6 PRBs, CRS signal is used to occupy the full channel bandwidth. Note CRS in this case is truncated inside the central 6 PRBs.
4. With the above design, PSS and SSS in the initial signal facilitate cell detection, and the CRS in the initial signal can be used along with regular CRS for fine timing/frequency synchronization.

For reservation signal, we can consider using CRS to fill up any OFDM symbol not taken by data/control or initial signal.

In figures 1 and 2, it is shown eNB holds a channel at symbol 2; and PDCCH is located on symbol 7. Figure 1 illustrates the RE mapping in one of the central 6 PRBs; and figure 2 illustrates the RE mapping outside the central 6 PRBs.

In figure 1, PDCCH starts from symbol 7 in a subframe (counting from 0), PSS at symbol 5 and SSS at symbol 6 are placed in the central 6 PRBs as part of the initial signal.


In figure 2, CRS at symbols 5 and 6 are placed outside the central 6 PRBs as part of the initial signal.

In figures 1 and 2, reservation signal is transmitted over part of symbol 2 and over the symbols 3 and 4. 
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Proposal 1: a DL transmission burst consists of reservation signal, initial signal and data/control channels in partial/whole subframe(s) in this order.
Proposal 2: The first DL data/control channels in a DL transmission burst start at symbol 0 or symbol 7.
Proposal 3: The initial signal consists of 2 OFDM symbols; PSS is placed on the first symbol and SSS is placed on the second symbol. Outside the central 6 PRBs, truncated CRS is used. 
Proposal 4: Reservation signal consists of CRS signals placed on partial or whole OFDM symbol(s).

3. Conclusion
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 Proposal 1: a DL transmission burst consists of reservation signal, initial signal and data/control channels in this order.
Proposal 2: The first DL data/control channels in a DL transmission burst start at symbol 0 or symbol 7.
Proposal 3: The initial signal consists of 2 OFDM symbols; PSS is placed on the first symbol and SSS is placed on the second symbol. Outside the central 6 PRBs, truncated CRS is used. 
Proposal 4: Reservation signal consists of CRS signals placed on partial or whole OFDM symbol(s).
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