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1. Introduction
In last meeting, RAN2 discussed PDCCH-subframe definition in eLAA based on [1], and the following agreement was achieved. 
Agreements

1
All subframes are considered PDCCH-subframes for LAA cells in MAC (no change from legacy behaviour)

After the email discussion [94#16][LTE/eLAA] Running MAC CR (Ericsson), there was no common understanding on how to specify the PDCCH-subframe, and the following note is included in the latest MAC running CR [2].
	Editor's note: It is TBD if and how PDCCH-subframe should be updated to cover LAA. It is also TBD how serving cells operating according to Frame Structure 3 will be referred to.


In this contribution, we give our understanding and text proposal on this issue. 
2. Discussion
2.1. PDCCH-subframe definition in Rel-13 LAA
In R13, the downlink/uplink subframe description of three frame structures given in TR36.211 section 4 is copied as below. 
Table-1 Downlink/uplink subframe description of three frame structure in Rel-13 (in TR 36.211)
	Frame structure 
	Description
	Note

	Type-1 
(i.e. FDD)
	For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency domain. In half-duplex FDD operation, the UE cannot transmit and receive at the same time while there are no such restrictions in full-duplex FDD.
	Downlink subframe: 
· any subframe;

Uplink subframe: 
· any subframe 

	Type-2 
(i.e. TDD)
	The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframe in a radio frame, "D" denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS.
	Downlink subframe: 
· according to UL/DL config.

Uplink subframe:
· according to UL/DL config.


	Type-3 
(i.e. LAA)
	The 10 subframes within a radio frame are available for downlink transmissions. Downlink transmissions occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe either fully occupied or following one of the DwPTS durations in Table 4.2-1.
	Downlink subframe: 
· any subframe. 


Observation 1: For FDD, downlink subframe is any subframe, including full-duplex and half-duplex FDD;

Observation 2: For TDD, downlink subframe is according to the TDD UL/DL config. 

Observation 3: For LAA, downlink subframe is any subframe in Rel-13. 

In Rel-13, the PDCCH-subframe definition in TR36.321 is copied as below.
	PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s), this represents any subframe; for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.


According to the description in 36.211(three observations) and 36.321, following Table-2 gives the explanation on PDCCH-subframe in Rel-13 LAA for each potential carrier aggregation. 
Table-2
Clarification on PDCCH-subframe in Rel-13 LAA
	Case
	PDCCH subframe
	description
	Note

	1/ FDD PCell + LAA Cell
	Any subframe
	For a MAC entity not configured with any TDD serving cell(s), this represents any subframe;
	

	2/ TDD PCell + LAA SCell

UE SUPPORT simultaneous Rx/Tx
	Any subframe
	for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8];
	Union of the PDCCH subframe of TDD PCell and of LAA SCell

Since PDCCH-subframe of LAA SCell is any subframe

· PDCCH subframe = any subframe

	3/ TDD PCell + LAA SCell

UE NOT SUPPORT simultaneous Rx/Tx
	DL subframe and special subframe on TDD PCell 
	otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
	SpCell is TDD PCell

	4/TDD PCell+ FDD SCell +  LAA SCell

UE NOT SUPPORT simultaneous Rx/Tx
	DL subframe and special subframe on TDD PCell
	otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
	SpCell is TDD PCell

	5/ FDD PCell +  TDD SCell + LAA SCell

UE NOT SUPPORT simultaneous Rx/Tx
	Any subframe
	otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
	SpCell is FDD PCell




2.2. PDCCH-subframe definition in Rel-14 eLAA
For Rel-14 eLAA, uplink transmission is supported on LAA carrier. Based on RAN1 discussion, it is the common understanding that the uplink data transmission is based on network dynamic scheduling, which is similar as half-duplex FDD scheme. 
· PDCCH-subframe definition

Usually the PDCCH-subframe definition is tightly based on the description on the RAN1 description on uplink subframe/downlink subframe. Hence, we think the best way to define the PDCCH-subframe should base on final RAN1’s description on FS3. If  the description for LAA (FS3) is same as half-duplex FDD, i.e. 10 subframes are available for downlink transmission, then any subframe can be regarded as downlink subframe for FS3, and it is unnecessary to change the PDCCH-subframe definition. 
Proposal 1: If in FS3 all subrames are available for downlink transmission, i.e. all subframes are regarded as downlink subframe, there is no need to change the PDCCH-subframe definition in MAC. 
To reflect the mapping between RAN1 and RAN2 spec clearly , we propose:

Proposal 2:  Clarify the downlink subframe is the subframe which is available for downlink transmission. 

· PDCCH monitoring

Since the transmission/scheduling scheme on FS3 is very similar as half-duplex FDD, and we define all subframes on FS3 as PDCCH-subframe, we should indicate in DRX section that UE is not required to monitor the PDCCH on the PDCCH-subframe in which UE needs to perform uplink transmission. For the behavior description, we propose to the similar way as half-duplex FDD. And the Alternative 1 in [1] is proposed. 

Proposal 3: Propose to adopt the Alternative 1 in [1] as above for PDCCH monitoring in DRX. 
2.3. Text Proposal 
	3.1
Definitions

PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s), this represents any subframe; for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.

Note: Downlink subframe is referred to the subframe available for downlink transmission for FS1 and FS3 in 36.211.

	5.7
Discontinuous Reception (DRX)

[Cut]
When DRX is configured, the MAC entity shall for each subframe:


[Cut]
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation or for uplink transmission in a serving cell operating according to Frame Structure 3 [7], if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or

[Cut]
-
monitor the PDCCH;

[Cut]



3. Conclusion

According to the analysis in section 2, we propose:
Proposal 1: If in FS3 all subrames are available for downlink transmission, i.e. all subframes are regarded as downlink subframe, there is no need to change the PDCCH-subframe definition in MAC. 

To reflect the mapping between RAN1 and RAN2 spec clearly, we propose:

Proposal 2:  Clarify the downlink subframe is the subframe which is available for downlink transmission. 

We also propose RAN2 to adopt the text proposal provided in section 2.3.
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