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1   Introduction
During RAN2#78 meeting, RAN2 agreed [1]: 
	RAN2#78 Agreements:
=>
PDCCH-subframe is defined per UE.

=>
PDCCH-subframe is defined as union of DL and special subframes of configured serving cell.

=>
onDurationTimer and drx-InactivityTimer are counted for PDCCH-subframe.
=>
For each serving cell, UE monitors PDCCH in PDCCH-subframe in Active time if the PDCCH-subframe is DL or special subframe of the serving cell.


During RAN2#95 meeting, RAN2 agreed [2]:
	RAN2#95 Agreements:
· The UE does not monitor the PDCCH of an LAA cell if the UE transmits on that particular LAA-cell




During RAN1#86 meeting, RAN1 agreed [3]:
	RAN1#86 Agreement:
· C-PDCCH indicates a pair of values (UL burst duration, offset)

· UL burst duration is the number of consecutive UL subframes belonging to the same channel occupancy, with the DL subframes in the same channel occupancy signaling the UL burst duration.

· Offset is the number of subframes to the start of indicated UL burst from the start of the subframe carrying the C-PDCCH.

· The LBT procedure for any UL subframe from the subframe in which C-PDCCH was received upto and including all subframes until the end of the signaled UL burst duration, for which the eNB had already indicated to perform Category 4 LBT, can be switched to an LBT based on 25 us CCA.

· The UE shall not switch to 25 us CCA if only part of a set of contiguously scheduled subframes without gap appears in the UL burst indication 

· The UE is not required to receive any DL signals/channels in a subframe indicated to be a UL subframe on the carrier

· 5 bits to indicate combinations of offset and burst duration. 

· The code points include {offset, duration} combinations as follows

· All combinations of {{1, 2, 3, 4, 6}, {1, 2, 3, 4, 5, 6}}

· Reserved

· No signaling of burst and offset


In this contribution, we discuss about the issues related to PDCCH monitoring and provide our considerations.
2   Discussion
During RAN2#95 meeting, RAN2 discussed about the issue whether the agreement that the UE does not monitor the PDCCH of an LAA SCell if the UE transmits on that particular LAA SCell should be captured into MAC specification or not. At last, this agreement was endorsed but nothing was changed. One reason is that this issue also exists for full duplex UE configured with FDD-TDD/TDD-TDD aggregation, e.g. when the PDCCH-subframe is an UL subframe of a TDD cell, the MAC layer still needs to monitor PDCCH in this subframe. If it is required to capture the agreement on PDCCH monitoring for eLAA into MAC specification, the corresponding part for FDD-TDD/TDD-TDD aggregation needs to be modified too.
As we go back to the previous discussion at RAN2#78, RAN2 agreed “For each serving cell, UE monitors PDCCH in PDCCH-subframe in Active time if the PDCCH-subframe is DL or special subframe of the serving cell.”. However, this agreement is not reflected in current MAC specification.  
Observation 1: RAN2 already agreed UE does not monitor PDCCH in an UL subframe of a certain cell for FDD-TDD/TDD-FDD aggregation. .

In legacy TDD cell, the DL/UL configuration is fixed in a frame and can be obtained in advance through the configuration of SCell. However for LAA SCell, the ratio of DL/UL subframes in a frame is dynamically indicated by PDCCH, e.g. C-PDCCH or D-PDCCH. Moreover, the UE may miss the PDCCH due to transient sleep in DRX or interference from hidden node. 
· If the corresponding PDCCH is received and successfully decoded, the UE does not monitor the PDCCH in an UL subframe. This case is consistent with the common understanding in FDD-TDD/TDD-TDD aggregation.
· If the corresponding PDCCH is not received or not successfully decoded, the UE will not be able to know about the distribution of the UL subframe(s), therefore needs to monitor the PDCCH in all subframes on an LAA SCell. This case is different from FDD-TDD/TDD-TDD aggregation. One example is shown in figure 1. In this example, due to reception or decoding failure, UE performs PDCCH monitoring from subframe N+2 to subframe N+4. This behaviour is reasonable and the only drawback is some extent of power consumption. 

[image: image1.emf]Monitor PDCCH

Monitor PDCCH

U

SF N+3

U

SF N+2

S

SF N+1

D

SF N

Active Time

UE A

Active Time

UE B

Not in Active 

Time

Not successfully 

decoded

U

SF N+4

C-PDCCH

C-PDCCH

C-PDCCH


Figure 1: an example of PDCCH monitoring on an LAA SCell

Based on the above analysis, for LAA SCells the UE doesn’t need to monitor the PDCCH in an UL subframe from UE’s perspective.

Observation 2: For LAA SCells, the UE doesn’t need to monitor the PDCCH in an UL subframe from UE’s perspective.
Furthermore, RAN1 also agreed
· The UE is not required to receive any DL signals/channels in a subframe indicated to be a UL subframe on the carrier

Based the RAN1 agreement, PHY layer will not receive any DL signals, however, in current specification, MAC layer continues to monitor the PDCCH in a subframe which has been indicated to be an UL subframe by C-PDCCH, then inconsistent behaviour between MAC layer and PHY layer occurs. 
Observation 3:  Inconsistent behaviour between MAC layer and PHY layer occurs if MAC layer monitors the PDCCH in a subframe which has been indicated to be an UL subframe.

Therefore, based on the above analysis, some modification on PDCCH monitoring is needed for FDD-TDD/TDD-FDD aggregation and LAA scenario. In addition, according to RAN1 agreements, two cases are considered for LAA:
Case 1: the UE has been scheduled for UL transmission in the subframe and this has been agreed in RAN2.

Case 2: the UE has not been scheduled for UL transmission but another UE has been scheduled for UL transmission in the subframe.

For case 2, the UE can know whether a certain subframe has been scheduled for an uplink transmission via C-PDCCH. Since only TDM is applied to LAA SCell, if a certain subframe has been scheduled for UL transmission of other UEs, then the UE should not be required to perform redundant PDCCH monitoring in this subframe. Therefore, we propose that:
Proposal 1: The MAC layer shall not monitor the PDCCH in a subframe if it is considered as an UL subframe from UE’s perspective. 
Proposal 2: RAN2 is suggested to adopt the CR in [4]. 
3   Conclusion
In this contribution, we discussed about the issues related to PDCCH monitoring for LAA SCells and propose:
Observation 1: RAN2 already agreed UE does not monitor PDCCH in an UL subframe of a certain cell for FDD-TDD/TDD-FDD aggregation.
Observation 2: For LAA SCells, the UE doesn’t need to monitor the PDCCH in an UL subframe from UE’s perspective.
Observation 3:  Inconsistent behaviour between MAC layer and PHY layer occurs if MAC layer monitors the PDCCH in a subframe which has been indicated to be an UL subframe.

Proposal1: The MAC layer shall not monitor the PDCCH in a subframe if it is considered as an UL subframe from UE’s perspective. 
Proposal 2: RAN2 is suggested to adopt the CR in [4].  
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