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1. Introduction 

The present contribution discusses the special DL time slot DwPTS and its usage. It has been agreed that this time slot can be used to carry control signal, data, reference signals and the primary synchronization signal (PSS) ‎[1]. More specifically, the primary synchronization signal is currently agreed to be transmitted in the first symbol of DwPTS which consequently must have a minimum duration of one symbol.

2. Use of DwPTS depending on length

To simplify the structure, it is proposed to, as much as possible, treat the DwPTS as an ordinary and independent downlink subframe, albeit with a shorter duration. An as uniform frame structure as possible is beneficial from an implementation and testing perspective and it is therefore proposed to treat the DwPTS as a separate, independent subframe. The alternative, to code part of the DwPTS (e.g. the first OFDM symbol of the DwPTS) together with the previous subframe would result in also the previous subframe requiring special treatment with respect to hybrid ARQ soft buffers, transport block sizes, etc and unnecessarily complicate the design.

In principle, three cases of the DwPTS length can be identified, listed below together with the proposed usage:

· One OFDM symbol

· DwPTS is used for the primary synchronization signal (PSS) only.

· Two OFDM symbols

· DwPTS is used for the PSS, reference signals (RS), and control signaling

· Three or more OFDM symbols

· DwPTS is used for PSS, RS, control signaling and data (similar to a normal subframe)

Depending on the not-yet-taken decision on the supported DwPTS lengths, some of the alternatives above may not be relevant for the LTE specifications but are included here to make the discussion complete
.

3. Collision of PSS and RS/control signaling

The primary synchronization signal will be transmitted in the DwPTS according to the agreement ‎[1]. More specifically, the primary synchronization signal is currently agreed to be transmitted in the first symbol of DwPTS. With the control signaling and reference signal mapping captured in 36.211, this results in a collision between the PSS and RS/control signaling which needs to be resolved. To resolve this, either the PSS or the RS/control signaling needs to be moved elsewhere in the DwPTS.

3.1. Shift the PSS within the DwPTS

If the minimum DwPTS length supported is three OFDM symbols or larger, a simple solution to the collision problem is to move the PSS to the third OFDM symbol in the DwPTS. This allows the same RS and control signaling mapping as in the normal subframes and avoids having to create special mapping rules for the DwPTS. One (slight) drawback is the larger distance between the primary and secondary synchronization signal, but as the distance between the two synchronization signals is small the cell search performance impact will be minor. If the minimum DwPTS is large enough to accommodate also the secondary synchronization signal, then an alternative is of course to locate both PSS and SSS in the DwPTS.

3.2. Shift the RS/control signaling within the DwPTS

If the minimum DwPTS length is smaller than three OFDM symbols it is not possible to move the PSS. Instead, the RS and control signaling mapping in the DwPTS is required.

Due to the position of the PSS in the first OFDM symbol of the DwPTS, there is a potential overlap between the cell specific reference signals on antenna port 0 and 1 and the PSS.  To avoid this overlap the simplest solution is to shift the RS pattern. There are two main alternatives

1. The RS of all antenna ports in the first two symbols are shifted one symbol

2. All RS in the DwPTS are shifted one symbols

The two alternatives are similar but the second alternative has the benefit of allowing two OFDM symbols of control signaling also for the case of extended cyclic prefix without any overlap with RS transmitted in the later symbols of the first slot..
For control signaling (PCFICH, PHICH, PDCCH), the situation is similar to the RS. To avoid collisions with the PSS, it is proposed to move the PCFICH/PHICH/PDCCH mapping in the time domain such that those signals are transmitted starting with OFDM symbol 1 (compared to starting with OFDM symbol 0 in a normal subframe). The structure in the frequency domain is kept the same as in normal subframes. This simplifies the implementation and avoids having to spend meeting, design and testing time to develop a set of special mapping rules for the DwPTS.

The proposed mapping structure is illustrated in Figure 1. As seen in the figure, the UE could use the same receiver structure for the DwPTS as for a normal subframe, the only different being the position in the time domain.
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Figure 1: RS and control signaling mapping in DwPTS only first OFDM symbols shown).

4. Data on PDSCH

As mentioned above, data (in addition to PSS/RS/control) can be transmitted on the DwPTS when the length is larger than two OFDM symbols. From a data transmission perspective, the DwPTS is treated as a normal subframe, the only difference being the shorter length. Coding and rate matching is done according to the length of DwPTS. Further, DL assignments for data in the DwPTS are sent on the PDCCH in DwPTS in the same manner as a normal subframe. 

As seen in Figure 1, the first OFDM symbol in the DwPTS is not used for RS or control. To avoid wasting resources, it is proposed to use this OFDM symbol for data transmission. The right part of Figure 1 could be viewed as a normal subframe with a, in the time domain, cyclic shift of the OFDM symbols. One possible receiver structure is to receive the OFDM symbols (symbol 0, 1, 2, 3, 4, 5, …), cyclically shift the first n one step to the left (symbol 1, 2, 3, 0, 4, 5, …) and then apply the same processing as in a normal subframe. Although this would result in transmitting one symbol of data prior to the control in the DwPTS, this is not seen as a serious problem. Furthermore, if the number of OFDM symbols for control in DwPTS are limited to two, which could be justified as the amount of control signaling in the DwPTS is expected to be smaller as the DwPTS in itself is smaller than a normal subframe, the micro-sleep performance for the DwPTS would be the same as a normal subframe with three OFDM symbols of control.

To summarize 

· Data in DwPTS is encoded and assigned independently of data in other DL subframes. 

· DL assignments for dynamically scheduled data on DwPTS are sent on PDCCH in DwPTS

5. Conclusion

It is proposed to

· Data in DwPTS is encoded and assigned independently of data in other DL subframes. 

· DL assignments for dynamically scheduled data on DwPTS are sent on PDCCH in DwPTS

· The use of the DwPTS depends on the length

· One OFDM symbol

· DwPTS is used for the primary synchronization signal (PSS) only.

· Two OFDM symbols

· DwPTS is used for the PSS, reference signals (RS), and control signaling

· Three or more OFDM symbols

· DwPTS is used for PSS, RS, control signaling and data (similar to a normal subframe)

· Note: not all the cases may be applicable depending on the final decision on the set of supported DwPTS lengths

· If the minimum DwPTS length is three OFDM symbol or larger

· Shift the PSS to the third OFDM symbol in the DwPTS

· If the minimum DwPTS length is less than three OFDM symbols

· Shift the reference signals in the DwPTS one OFDM symbol in time (RS starts at OFDM symbol 1)

· Shift the control signaling structure one OFDM symbol in time  (control starts at OFDM symbol 1)

· PSS uses OFDM symbol 0

· Data can use remaining part of OFDM symbol 0 in addition to the later OFDM symbols 
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� The set of DwPTS lengths to be supported by the specifications depend, among other factors, on the coexistence scenarios considered.
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