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1 Introduction

In RAN1 #83 meeting, it was agreed that:

Agreements:
· In LAA SCell, DwPTS structure with at least {3,6,9,10,11,12} OFDM symbols is supported for the last subframe of a DL TX burst.
There were discussions on how to capture the above feature in the specification [1]-[3] in RAN1 #84 meeting. This contribution tries to list all the aspects when supporting DwPTS in partial ending subframes, including the possible specification impacts and proposals.
2 Discussions
For frame structure type 2, totally ten special subframe configurations are specified in TS36.211. The number of OFDM symbols in DwPTS is shown in the following table for the normal cyclic prefix in downlink. 
Table 1: Length of DwPTS for different configurations of special subframe

	Special subframe

configuration
	Number of OFDM symbols

in DwPTS

	0
	3

	1
	9

	2
	10

	3
	11

	4
	12

	5
	3

	6
	9

	7
	10

	8
	11

	9
	6


In this section, the following aspects for supporting DwPTS in the partial ending subframes are analyzed considering implementation complexity and specification efforts.

(1). Duration of PDCCH
According to the “Number of OFDM symbols used for PDCCH” specified in Table 6.7-1 of TS36.211, which is also shown in the following Table 2, the duration of PDCCH is up to 2 symbols in subframe 1 and 6 (i.e. in DwPTS) for frame structure type 2. To save the specification efforts, it is suggested to reuse this PDCCH duration for the partial ending subframe. That is the duration of PDCCH is up to 2 symbols for the subframes following DwPTS duration for frame structure type 3.

Table 2: Number of OFDM symbols used for PDCCH

	Subframe Type
	Number of OFDM symbols for PDCCH when 
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	Subframe 1 and 6 for frame structure type 2
	1, 2
	2

	MBSFN subframes on a carrier supporting PDSCH, configured with 1 or 2 cell-specific antenna ports
	1, 2
	2

	MBSFN subframes on a carrier supporting PDSCH, configured with 4 cell-specific antenna ports
	2
	2

	Subframes on a carrier not supporting PDSCH
	0
	0

	Non-MBSFN subframes (except subframe 6 for frame structure type 2) configured with positioning reference signals
	1, 2, 3
	2, 3

	All other cases
	1, 2, 3
	2, 3, 4


(2). ECCE size determination 

According to Table 6.8A.1-1 of TS36.211, which is also shown in the following Table 3, the “Number of EREGs per ECCE” is 4 for special subframe configuration 3,4,8 and 8 for special subframe configuration 1,2,6,7,9 when the normal cyclic prefix is assumed. It is suggested to reuse this ECCE size determination, i.e, the “Number of EREGs per ECCE” is 4 for the subframes following DwPTS duration of special subframe configuration 3,4,8 of frame structure type 3 and is 8 for the subframes following DwPTS duration of special subframe configuration 1,2,6,7,9  of frame structure type 3.
Table 3: Number of EREGs per ECCE, 
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	Normal cyclic prefix
	Extended cyclic prefix

	Normal subframe
	Special subframe, configuration 3, 4, 8
	Special subframe, configuration 1, 2, 6, 7, 9
	Normal subframe
	Special subframe, configuration 1, 2, 3, 5, 6

	4
	8


(3). DMRS pattern
For frame structure type 2, there are individual DMRS pattern configurations for the special subframe, which is different from the normal subframe. Since the partial ending subframes follows the one of the DwPTS duration, it is suggested to reuse DMRS pattern specified for the special subframe in the partial ending subframe to save the specification efforts. 
(4). CSI-RS pattern 
Since it was agreed that UE should assume that the configured CSI-RS/IM resources are not present in partial ending subframes in Rel-13 LAA study, the CSI-RS pattern in DwPTS is not reused for the partial ending subframe.

(5) EPDCCH monitoring (aggregation levels)
From the aspect of design complexity, it is suggested to reuse the rules for EPDCCH monitoring (aggregation levels) in DwPTS to the partial ending subframe. For example, in TS36.213, it was specified that the UE shall not monitor EPDCCH for TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5. According to this rule, the UE shall not monitor EPDCCH for frame structure type 3, in subframes following DwPTS duration of special subframe configuration 0 and 5 (i.e. 3 OFDM symbols for DwPTS).
(6) TBS determination of PDSCH 
In order to simplify the design effort, it is suggested to reuse TBS determination of PDSCH transmitted in DwPTS to the partial ending subframe. For example, for frame structure type 3, for the subframes following DwPTS duration of special subframe configuration 9 (i.e. 6 OFDM symbols for DwPTS), set the column indicator of Table 7.1.7.2.1-1 as specified in TS36.213 to be 
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. In addition, for frame structure type 3, for the subframes following DwPTS duration of other special subframe configurations, set the column indicator of Table 7.1.7.2.1-1 as specified in TS36.213 to be
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(7) PSS/SSS transmission in the partial ending subframe

Firstly, for special subframe of frame structure type 2, PSS is transmitted in the third OFDM symbol. However in Rel-13, it was agreed that for frame structure type 3, the primary synchronization signal shall be mapped according to frame structure type 1 with the following exceptions:
· 
the primary synchronization signal shall be transmitted only if the corresponding subframe is non-empty and at least 12 OFDM symbols are transmitted,
· 
a primary synchronization signal being part of a discovery signal shall be transmitted in the last OFDM symbol of the first slot of a discovery signal occasion.
From this aspect, there is no unnecessary to transmit PSS in the third OFDM symbol of the partial ending subframe. 
Therefore the REs for PDSCH based on CRS can be mapped to the REs in the 3rd OFDM symbol originally allocated for PSS in the ending partial subfame according to mapping rules specified in clause 6.3.5 of TS36.211.
Furthermore, according to the current specification, for frame structure type 3, PSS/SSS is not transmitted in subframe 0 and subframe 5 if the number of transmitted OFDM symbols in the subframe is less than 12 OFDM symbols. Therefore when the duration of the partial ending subframe is less than 12 OFDM symbols, the central 6 PRBs can be used for EPDCCH transmission and PDSCH transmission based on DMRS. In addition, when the duration of the partial ending subframe is 12 OFDM symbols and the partial ending subframe is not subframe 0 or subframe 5, since there is no PSS/SSS, the central 6 PRBs can also be used for EPDCCH transmission and PDSCH transmission based on DMRS. However when the duration of the partial ending subframe is 12 OFDM symbols and the partial ending subframe is subframe 0 or subframe 5, since there is PSS/SSS transmission in the seventh/sixth OFDM symbol according to frame structure type 1, to save the standard effort, the central 6 PRBs can not be used for EPDCCH transmission and PDSCH transmission based on DMRS. 

According to the above analysis, Table 4 summarizes the type of data transmission supported by the central 6 PRBs in the partial ending subframe if there is no PSS in the third OFDM symbol.
Table 4. Type of data transmission supported by the central 6 PRBs in the partial ending subframe if there is no PSS in the third OFDM symbol

	Condition
	Type of data transmission supported by the central 6 PRBs

	The partial ending subframe is not subframe 0 or 5
	CRS and DMRS Based PDSCH transmission;
EPDCCH transmission

	The partial ending subframe is subframe 0 or 5, 
	The duration of the partial ending subframe is less than 12 OS
	

	
	The duration of the partial ending subframe is 12 OS,  (FS1 PSS/SSS is transmitted)
	CRS based PDSCH transmission




Finally Table 5 summarizes the aspects for supporting DwPTS in partial ending subframes.
Table 5. Aspects to support DwPTS in the partial ending subframes

	Specification
	Special handling of DwPTS (compared to a normal subframe) in FS2
	Proposal for ending partial subframe in FS3

	36.211
	Duration of PDCCH is up to 2 symbols in DwPTS
	reused to ending partial subframe

	36.211
	ECCE size determination in DwPTS
	reused to ending partial subframe

	36.211
	DMRS pattern in DwPTS
	reused to ending partial subframe

	36.211
	CSI-RS pattern in DwPTS
	not reused since it was agreed that no CSI-RS in partial subframe in Rel-13

	36.213
	EPDCCH monitoring (aggregation levels) in DwPTS
	reused to ending partial subframe

	36.213
	TBS determination of PDSCH transmitted in DwPTS
	reused to ending partial subframe

	36.211

	PSS transmitted in the 3rd symbol in DwPTS
	No PSS transmission in the third symbol in the partial ending subframe. 
PSS transmission in the 7th OFDM symbol is supported if the ending partial subframe is subframe 0 or 5 with 12 OFDM symbols [Table 4].

	36.211

	No SSS transmission in the current DwPTS
	SSS transmission is supported in the 6th OFDM symbol if the ending partial subframe is subframe 0 or 5 with 12 OFDM symbols [Table4].


Finally according to the above analysis, the following proposals were achieved.
· Proposal 1: Reuse the following existing FS2 DwPTS functionalities to the partial ending subframe on LAA Scell. 
· Duration of PDCCH up to 2 symbols in DwPTS
· ECCE size determination in DwPTS
· DMRS pattern in DwPTS
· EPDCCH monitoring in DwPTS
· TBS determination for PDSCH transmitted in DwPTS

· Proposal 2: there is no PSS in the third OFDM symbol for the partial ending subframe and the following data/control transmission can be supported by the central 6 PRBs.

	Condition
	Type of data transmission supported by the central 6 PRBs

	The partial ending subframe is not subframe 0 or 5
	CRS and DMRS Based PDSCH transmission;
EPDCCH transmission

	The partial ending subframe is subframe 0 or 5
	The duration of the partial ending subframe is less than 12 OS
	

	
	The duration of the partial ending subframe is 12 OS,  (FS1 PSS/SSS is transmitted)
	CRS based PDSCH transmission




· Proposal 3: PSS/SSS is transmitted in the partial ending subframe following frame structure type 1 when the subframe duration is 12 OFDM symbols.

3 Conclusion
In this contribution, all the aspects when supporting DwPTS in partial ending subframes are analyzed. According to the analysis, the following proposals were achieved.

· Proposal 1: Reuse the following existing FS2 DwPTS functionalities to the partial ending subframe on LAA Scell. 
· Duration of PDCCH up to 2 symbols in DwPTS
· ECCE size determination in DwPTS
· DMRS pattern in DwPTS
· EPDCCH monitoring in DwPTS
· TBS determination for PDSCH transmitted in DwPTS

· Proposal 2: there is no PSS in the third OFDM symbol for the partial ending subframe and the following data/control transmission can be supported by the central 6 PRBs.
	Condition
	Type of data transmission supported by the central 6 PRBs

	The partial ending subframe is not subframe 0 or 5
	CRS and DMRS Based PDSCH transmission;
EPDCCH transmission

	The partial ending subframe is subframe 0 or 5
	The duration of the partial ending subframe is less than 12 OS
	

	
	The duration of the partial ending subframe is 12 OS,  (FS1 PSS/SSS is transmitted)
	CRS based PDSCH transmission




· Proposal 3: PSS/SSS is transmitted in the partial ending subframe following frame structure type 1 when the subframe duration is 12 OFDM symbols.
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