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1. Introduction

In RAN1#82bis, the following was agreed regarding DL transmission burst structure [1]. This contribution discusses design options for ending DL partial subframe in LAA.
	Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe
· FFS whether to define a 13-symbol partial subframe
· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe


2. Discussion
According to our contribution [2] in RAN1#82bis, we observed that introducing TX gap in the end of DL TX burst can achieve substantial performance gain by making CCA operation completed during TX gap. Also, it was agreed that a DL transport block in the last subframe of a DL TX burst can be less than 1 ms and the DL transport block follows DwPTS structure if it is less than 1 ms. For the convenience, the last subframe of a DL TX burst which is less than 1 ms is referred as to ending partial TTI. In this section, we provide our views on detailed design options for ending partial TTI.
· Length of ending partial TTI
In Rel-12 LTE specification, the set of OFDM symbol sizes for DwPTS is {3,6,9,10,11,12}. Although a 3 OFDM symbol DwPTS may be used to transmit UL grant without PDSCH, the 3 symbol DwPTS is not beneficial at least in Rel-13 LAA because UL transmission in LAA SCell is not allowed in Rel-13. Thus, we prefer not to adopt DwPTS structure with 3 OFDM symbols in Rel-13 LAA.
In RAN1#82bis, we discussed whether to define 13 OFDM symbol ending partial TTI. Considering that CCA operation can be completed within one OFDM symbol, we support ending partial TTI with 13 OFDM symbols in LAA SCell reusing DM-RS pattern in existing DwPTS structure with 12 OFDM symbols.
If ending partial TTI is transmitted subframe #0 or subframe #5, the length of ending partial TTI can be restricted to be equal to or larger than 12 OFDM symbols such that the transmission of at least 4 CRS-port 0 OFDM symbols can be guaranteed.
Suggestion 1: For the length of ending partial TTI, we suggest that
· DwPTS structure with 3 OFDM symbols is not supported in Rel-13 LAA.
· DwPTS structure with 13 OFDM symbols is supported in LAA SCell reusing DM-RS pattern in existing DwPTS structure with 12 OFDM symbols.
· Ending partial TTI transmitted in subframe #0 or #5 is not less than 12 OFDM symbols.
· How to schedule ending partial TTI

Basically, it seems to be unproblematic that end partial TTI is cross-scheduled by (E)PDCCH or self-scheduled by PDCCH. However, in case of self-scheduling by EPDCCH, UE implementation to detect EPDCCH can be complicated because the length or DM-RS pattern of EPDCCH is different depending on the length of ending partial TTI. Therefore, we propose following options for self-scheduling by EPDCCH.
Option 1) EPDCCH in ending partial TTI is not supported.

Option 2) UE blindly detects multiple DM-RS patterns every subframe for EPDCCH detection.

Option 3) Common L1 signalling is introduced to indicate the length or DM-RS pattern of EPDCCH.
Fig. 1 depicts all possible four DM-RS patterns with respect to the length of a subframe. In Rel-12 LTE specification, EPDCCH end symbol is aligned with the last symbol of the configured DwPTS. As a result, for Option 2, in order to detect EPDCCH in ending partial TTI, UE may perform channel estimation for 4 DM-RS pattern candidates and try to detect EPDCCH whose end symbol is one out of {6,9,10,11,12,14}. For the reduction of the complexity of UE implementation, only one candidate of EPDCCH end symbol can be determined per DM-RS pattern. For instance, for the DM-RS pattern as shown in Fig. 1(b) or in Fig. 1(c), EPDCCH end symbol can be determined as OFDM symbol 10 or 8, respectively. For the further reduction of complexity, different DM-RS pattern candidates can be configured per EPDCCH set. For instance, EPDCCH set #0 can be configured with only two DM-RS patterns as shown in Fig. 2(a) and 2(b), and EPDCCH set #1 can be configured with remaining two DM-RS patterns as shown in Fig. 2(c) and 2(d). Additionally, if DwPTS structures are limited (e.g., only {11,12,13} length ending partial TTI is allowed), then DM-RS pattern candidates can be reduced and EPDCCH detection complexity can be lessen as well.
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Figure 1. DM-RS pattern with respect to the length of subframe

For Option 3, as mentioned in our contribution [3], we prefer to minimize the number of information bits conveyed by common L1 signalling. If the number of information bits in common signalling can be reduced by indicating the range of candidate lengths or DM-RS patterns of EPDCCH (e.g., indicating either partial TTI or full TTI), Option 3 can be combined with Option 2.
Suggestion 2: Ending partial TTI can be cross-scheduled by (E)PDCCH or self-scheduled by PDCCH.
Suggestion 3: For self-scheduling of ending partial TTI by EPDCCH, following options can be considered.
· Option 1) EPDCCH in ending partial TTI is not supported.
· Option 2) UE blindly detects multiple DM-RS patterns every subframe for EPDCCH detection.
· Option 3) Common L1 signaling is introduced to indicate the length or DM-RS pattern of EPDCCH.
· How to signal the length of ending partial TTI

When UE receives PDSCH from LAA SCell, UE has to know the exact length of each subframe due to the introduction of ending partial TTI. In case of cross-carrier scheduling by (E)PDCCH or self-carrier scheduling by PDCCH, the exact length of each subframe can be signalled by scheduling DCI without common L1 signalling. However, in case of self-carrier scheduling by EPDCCH, common L1 signalling may be introduced depending on which option is supported for EPDCCH detection. In addition, as addressed in our contribution [4], whether to introduce common L1 signalling also relies on detailed decision on CSI measurement. Nevertheless, it seems to be desirable to signal the length of ending partial TTI by scheduling DCI because of its simplicity.
Suggestion 4: It can be considered to signal the length of ending partial TTI by scheduling DCI.
· Usage of OFDM symbol 0
The PCFICH is transmitted in OFDM symbol 0 every subframe to indicate the number of OFDM symbol(s) used for PDCCH only for UEs which are configured with self-carrier scheduling. However, considering that unlicensed spectrum is vulnerable to hidden node problem, we suggest that the PCFICH is not transmitted for the legacy purpose of CFI (control field indicator) indication in LAA SCell, and CFI or PDCCH region is set by RRC signalling even for self-carrier scheduling case.
Suggestion 5: In LAA SCell, the PCFICH is not transmitted for the legacy purpose of CFI indication, and PDCCH region is configured by RRC signalling even for self-carrier scheduling case.
· ZP-CSI-RS in ending partial TTI
ZP-CSI-RS was designed to help channel estimation of weak cells by muting CSI-RS REs of neighbour cell(s). However, if ZP-CSI-RS is introduced for ending partial TTI (e.g., based on the discussion of Rel-13 FD-MIMO WI), it may be difficult to align ZP-CSI-RS REs and NZP-CS-RS REs of neighbour cells in a same subframe since full TTI is transmitted in some cells and ending partial TTI can be transmitted in other cells at the same time. One way to resolve this situation is to leave it up to eNB implementation. Otherwise, it can be handled by not introducing ZP-CSI-RS in ending partial TTI or by assuming that RE mapping of ZP-CSI-RS is always based on full TTI regardless of either full TTI or partial TTI.
Suggestion 6: It should be decided how to handle ZP-CSI-RS in ending partial TTI in LAA SCell.
3. Summary and conclusions

In this contribution, we discussed design options for ending DL partial subframe in LAA. The suggestions of this contribution are summarized as follows.
Suggestion 1: For the length of ending partial TTI, we suggest that

· DwPTS structure with 3 OFDM symbols is not supported in Rel-13 LAA.
· DwPTS structure with 13 OFDM symbols is supported in LAA SCell reusing DM-RS pattern in existing DwPTS structure with 12 OFDM symbols.
· Ending partial TTI transmitted in subframe #0 or #5 is not less than 12 OFDM symbols.
Suggestion 2: Ending partial TTI can be cross-scheduled by (E)PDCCH or self-scheduled by PDCCH.
Suggestion 3: For self-scheduling of ending partial TTI by EPDCCH, following options can be considered.
· Option 1) EPDCCH in ending partial TTI is not supported.
· Option 2) UE blindly detects multiple DM-RS patterns every subframe for EPDCCH detection.
· Option 3) Common L1 signaling is introduced to indicate the length or DM-RS pattern of EPDCCH.
Suggestion 4: It can be considered to signal the length of ending partial TTI by scheduling DCI.
Suggestion 5: In LAA SCell, the PCFICH is not transmitted for the legacy purpose of CFI indication, and PDCCH region is configured by RRC signalling even for self-carrier scheduling case.

Suggestion 6: It should be decided how to handle ZP-CSI-RS in ending partial TTI in LAA SCell.
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