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1 Introduction
In RAN1#82bis, the following agreement and issues regarding the last subframe of a DL transmission burst were identified [1]:

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

· FFS down selection
In this contribution, we provide our detailed views on the above issues.
2 Discussion
2.1 Information on partial DL subframe length

There are currently ten existing TDD special subframe configurations. One alternative is to signal the special subframe configuration number via a 4-bit dynamic signal. However, these existing special subframe configurations allows six possible DwPTS lengths for normal cyclic prefix: 3, 6, 9, 10, 11 and 12 OSs as tabulated below. 

	Special subframe configuration
	Normal cyclic prefix for DL & UL

	
	DwPTS
	UpPTS

	0
	3 OSs
	1 OS

	1
	9 OSs
	

	2
	10 OSs
	

	3
	11 OSs
	

	4
	12 OSs
	

	5
	3 OSs
	2 OSs

	6
	9 OSs
	

	7
	10 OSs
	

	8
	11 OSs
	

	9
	6 OSs
	


A partial subframe of length 1-3 OSs can be used to send UL scheduling grants. These short subframes should hence be supported.

The small set of DwPTS lengths in the existing specs can be rather limiting to the LAA operations. For example, it is not possible to have partial DL subframe of 13 OSs in length. The last OS can, for example, be left for UEs to perform UL LBT when UL LAA is introduced in future LTE releases.

Therefore, a second alternative of signalling the length of the DL partial subframe directly (in terms of number of OSs) can be considered to allow full flexibility in LAA operations. This can be signalled via a 4-bit dynamic signal in the first OS to represent the 14 possible partial subframe lengths. A regular DL subframe of 14 OS can be mapped to either 1110 or 0000. It seems cleaner to use 0000 to indicate the current subframe as a regular full subframe.
Proposal 1: Partial subframe of length 1—13 OFDM symbols are supported in an LAA SCell.

Proposal 2: The presence and the length of a DL partial subframe (not limited to the end of a transmission burst) are signaled via a 4-bit dynamic signal in the first OS. A full regular DL subframe can be represented by 0000 in the dynamic signal.
2.2 PHY signal format

The conclusion from the Study Item phase recommends adopting an asynchronous UL HARQ protocol for LAA UL operations. As a result, the legacy PHICH signal designed for synchronous UL HARQ operation becomes obsolete for an LAA SCell. It was pointed during an LAA offline session at RAN1 #82b that this existing PHICH signal format can be re-purposed for broadcasting the beneficial operation information identified in the above. This is a straightforward solution since all UEs already support reception of such a signal. It is also beneficial that the PHICH can be detected efficiently after the first OS is received and has high reliability. 
Four PHICH sequences can be used to carry signalling of the partial DL subframe length in the first OS of a DL subframe.

The number of PHICH groups for normal cyclic prefix is given in the existing LTE specs by
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where Ng ∈{1/6, 1/2, 1, 2} is given by the higher layer. For 20MHz LAA SCell, Ng = 1/6 can be used to create 3 PHICH groups.  One PHICH group can carry 8 information bits using 8 spreading sequences. The beneficial operation information identified in [2] (including signalling of partial DL subframe length to be discussed in the previous section) can be carried by two PHICH groups. Two alternatives can be considered. One is to distribute the identified bits across all three PHICH groups. Another is to distribute these bits across the first two groups and leave the third group for future use.

Furthermore, it may be beneficial to fix the number PHICH groups for LAA SCells directly (e.g. 3) without resorting to the legacy parameter Ng and the system bandwidth. This can allow clean LAA specifications and avoid resource waste when the existing Ng values lead to more PHICH groups than needed.

Proposal 3: Existing PHICH signal format can be reused to carry partial DL subframe length and other beneficial operation information for an LAA SCell in the first OS efficiently and reliably. The number of PHICH groups can be fixed to three for an LAA SCell regardless of system bandwidth.
2.3 DMRS support for partial DL subframes
In the existing LTE specs, three different DMRS locations are designed to support regular DL subframes and different TDD special subframes.
· DMRS located in OS #5/6/12/13 is used for regular DL subframe.

· DMRS located in OS #2/3/9/10 is used for TDD special subframe configuration #3/4/8/9.

· DMRS located in OS #2/3/5/6 is used for TDD special subframe configuration #1/2/6/7.

· DMRS is not supported for TDD special subframe configuration #0/5.

For a partial DL subframe on a LAA SCell, one of the three existing DMRS locations is used depending on its length:

· DMRS located in OS #2/3/9/10 is used for a partial DL subframe of length 11-13 OSs.

· DMRS located in OS #2/3/5/6 is used for a partial DL subframe of length 7-10 OSs.

· DMRS located in OS #2/3 is used for a partial DL subframe of length 4-6 OSs.
· DMRS is not supported for a partial DL subframe of length 1-3 OSs.

These DMRS location settings for partial DL subframes are compatible with existing setting for the TDD special subframes. In particular, the DMRS locations for partial DL subframe of length 4-6 OSs is chosen to be compatible with the existing setting for TDD special subframes #9.

Proposal 4: For a partial DL subframe on a LAA SCell, one of the three existing DMRS locations is used depending on its length:

· DMRS located in OS #2/3/9/10 is used for a partial DL subframe of length 11-13 OSs.

· DMRS located in OS #2/3/5/6 is used for a partial DL subframe of length 7-10 OSs.

· DMRS located in OS #2/3 is used for a partial DL subframe of length 4-6 OSs.

· DMRS is not supported for a partial DL subframe of length 1-3 OSs.

3 Conclusion

In this contribution, we investigated the operations and signalling of the partial DL subframes on an LAA SCell. The following are proposed:
Proposal 1: Partial subframe of length 1—13 OFDM symbols are supported in an LAA SCell.

Proposal 2: The presence and the length of a DL partial subframe (not limited to the end of a transmission burst) are signaled via a 4-bit dynamic signal in the first OS. A full regular DL subframe can be represented by 0000 in the dynamic signal.
Proposal 3: Existing PHICH signal format can be reused to carry partial DL subframe length and other beneficial operation information for an LAA SCell in the first OS efficiently and reliably. The number of PHICH groups can be fixed to three for an LAA SCell regardless of system bandwidth.
Proposal 4: For a partial DL subframe on a LAA SCell, one of the three existing DMRS locations is used depending on its length:

· DMRS located in OS #2/3/9/10 is used for a partial DL subframe of length 11-13 OSs.

· DMRS located in OS #2/3/5/6 is used for a partial DL subframe of length 7-10 OSs.

· DMRS located in OS #2/3 is used for a partial DL subframe of length 4-6 OSs.

· DMRS is not supported for a partial DL subframe of length 1-3 OSs.

4 References
[1] Chairman’s notes RAN1#82bis.
[2] R1-157267 On Signaling in DL LAA Subframes, Ericsson
_1507996613.unknown

