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1. [bookmark: _Toc414341815]Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In some regulatory domains such as Europe and Japan [1], LBT is required for a system operating in some unlicensed bands of interest to LAA (Licensed-Assisted Access). With LBT, an LAA eNB may need to transmit in the middle of a subframe to grab the channel. As the maximum transmission duration from eNB is also limited in Europe and Japan, it may happen the eNB needs to stop transmission in the middle of a subframe.
At the 3GPP RAN1 #82bits  meeting, the following agreements were reached:

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 [2], we provide our considerations on LAA frame structure design in general. We also define three types of subframes there, and the fractional subframe in the end of a DL transmission is defined as “Type 3 subframe”. 

In this contribution, we provide our views on the design of Type 3 subframe.
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2. [bookmark: _Toc414341816][bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Discussion of Type 3 subframe 
Since Rel-8, scheduling PDSCH in DwPTS at some TDD special subframe configurations has been possible. In Rel-11 WI “Additional special subframe configuration for LTE TDD” (ASSC in the following), special subframe configuration 9 at normal CP and special subframe configuration 7 at extended CP were added and the TDD special subframe configurations which allow PDSCH scheduling were further extended.  Type 3 subframe structure design bears some similarity with the work in ASSC and we first summarize the work from ASSC with several observations:
1. In general, a special subframe design which supports both PDCCH and EPDCCH, CRS based transmission and DMRS base transmission is preferred.  Of course, when that is not possible as in the case of special subframe configuration 7 at extended CP, compromise can be made. 
2. EPDCCH’s DMRS design is essentially the same as that for PDSCH DMRS ports 7-10. 
3. An EPDCCH is defined through EREGs and ECCEs over one EPDCCH-PRB set. The EPDCCH design itself has considered the REs taken away by CRS and DMRS, and the arrangement of EREGS is such that an EREG takes REs which are spread out in the time domain. In a normal DL subframe, one EREG can have up to 9 REs. In a special subframe, one EREG may loss one or more REs as DwPTS has fewer than 14 OFDM symbols. We also note all EREGs suffer quite equally from that – which is a rather good property as adjustment at eNB does not need to pay a particular attention to any EREG and link adaption can be done through choosing the aggregation level for EPDCCH.


4. TBS scaling in the current specification gives the table below:
	Special subframe 
configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	Symbols in DwPTS
	TBS scaling factor
	Symbols in DwPTS
	TBS scaling factor

	0
	3
	-
	3
	-

	1
	9
	0.75
	8
	0.75

	2
	10
	0.75
	9
	0.75

	3
	11
	0.75
	10
	0.75

	4
	12
	0.75
	3
	-

	5
	3
	-
	8
	0.75

	6
	9
	0.75
	9
	0.75

	7
	10
	0.75
	5
	0.375

	8
	11
	0.75
	-
	-

	9
	6
	0.375
	-
	-


Table 1 TBS Scaling in the current specification


From the discussion of ASSC, we have
1. The Type 3 subframes of length 3, 6, 9, 10, 11, 12 symbols can be supported without addition effort.
2. EPDCCH is not supported in Type 3 subframe of length 3.
3. DMRS is not supported in supported in Type 3 subframe of length 3.
4. The Type 3 subframe of length 13 can be supported with minor specification change. For example, as shown in Table 2 the TBS scaling factor 0.75 can be used. The generation of EPDCCH and/or DMRS can follow the same rules as the Type 3 subframes of length 11 and 12. 

	Symbols in a Type 3 subframe
	3
	6
	9
	10
	11
	12
	13

	TBS scaling factor
	-
	0.375
	0.75
	0.75
	0.75
	0.75
	0.75


[bookmark: _Ref433290258]Table 2 TBS scaling factor for Type 3 subframe


Supporting Type 3 subframe of length 13 in LAA has the following benefits. 
· Make the DL Transmission more flexible.
Allowing more combination of the type 3 subframe makes the DL transmission more flexible.
· Less overhead from reservation for UL transmission
Consider the case with UL. In this case, a UE tries to get the channel after eNB1 finishes its DL transmission. Assume UE applies a single sensing period for LBT and the channel is idle during the sensing period. As shown in Figure 1, Type 3 subframe with 13 symbols takes less time for reservation.


[bookmark: _Ref433298490]Figure 1 Reservation time for Type 3 subframes

· Increase the probability of getting the channel for UL
Consider the case with UL. Suppose that a UE tries to get the channel after eNB1 finishes its DL transmission. Suppose the CCA time of UE’ LBT is fixed and located in the time before UL transmission.  As shown in Figure 2, Type 3 subframe with 13 symbols allows UE to get the channel with a higher probability.



[bookmark: _Ref433298542]Figure 2 Blank time for Type 3 subframes

· Similarly to the arguments above, Typ3 3 subframe with 13 symbols leads to less reservation overhead for DRS transmission and increasing the probability for transmitting DRS.







Signaling the structure of the ending subframe
To decode the ending (partial) subframe, UE should know how many symbols are transmitted in the ending subframe. Due to LBT, the transmission of the DL transmission burst is dynamic and thus L1 signaling is preferred. There are two ways to indicate the length of the ending (partial) subframe
Alt 1. Signal the number of OFDM symbols in the ending subframe by initial signal.
Pros: Less signaling overhead.
Cons: If a UE wakes up in the middle of a TXOP,he would not know the length of the ending subframe.
Alt 2. Signal the number of OFDM symbols in each DL TTI.
Pros: UE can know the length of a DL subframe whenever it wakes up.
Cons: More signaling overhead.
Therefore, we have
Proposal 1: Both CRS based transmission and DMRS based transmission should be supported by Type 3 subframes when possible.
Proposal 2: Both PDCCH and EPDCCH should be supported by Type 3 subframes when possible.
Proposal 3: The number of OFDM symbols for a Type 3 subframe is suggested to be chosen from the set S= {3, 6, 9, 10, 11, 12, 13, 14}.
Proposal 4: We suggest to signaling the number of OFDM symbols in each DL TTI to provide a unified solution and also minimize receiver complexity
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3. [bookmark: _Ref129681832][bookmark: _Toc414341819]Conclusion
In this contribution, we discuss the Type 3 subframe design and we have
Proposal 1: Both CRS based transmission and DMRS based transmission should be supported by Type 3 subframes when possible.
Proposal 2: Both PDCCH and EPDCCH should be supported by Type 3 subframes when possible.
Proposal 3: The length of Type 3 subframe (number of OFDM symbols) is chosen from the set S = {3, 6, 9, 10, 11, 12, 13, 14}.
Proposal 4: We suggest to signaling the number of OFDM symbols in each DL TTI to provide a unified solution and also minimize receiver complexity
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