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1
Introduction

In the last RAN2 #79bis meeting, it was discussed how to support the half-duplex operation with cell-specific TDD configuration in MAC layer [1]. Since the half-duplex TDD UE cannot simultaneously transmit and receive the data in the same subframe, it needs to align the DRX operation with the actual transmission/reception behaviour of the UE. In this contribution, we further analyses the impact to the DRX operation for each alternative being considered in RAN1 regarding the scheduling direction in the half-duplex mode.
2
Discussion

For the half-duplex TDD UE, in RAN1 #68 meeting, the following two approaches were discussed.
- Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration
- Alt 2: the transmission direction is determined by eNB

In Alt1, if a subframe is uplink for the PCell, it is also considered as uplink for all SCells. I.e., even though there is no actual uplink transmission in this subframe, it cannot be used for downlink transmission for all SCells. For example, if subframe n is uplink for the PCell and downlink for the SCell, the UE performs neither uplink transmission nor downlink transmission in subframe n on the SCell.

In Alt2, if there is an actual uplink transmission for a serving cell (either PCell or SCell) in a subframe, the downlink transmissions are not possible for other serving cells in this subframe. For example, if subframe n is downlink for the SCell and uplink for the PCell, when the subframe n is scheduled for uplink transmission on the SCell, the UE performs neither uplink transmission nor downlink transmission in subframe n on the PCell.
In the previous RAN2 #79bis meeting, some companies have not seen any need to change the MAC specification if Alt 1 is selected in RAN1. However, Alt 1 still requires changes on MAC specification because if a subframe is uplink for the PCell, the UE does not need to monitor the PDCCH in the subframe even though the subframe is PDCCH-subframe which is defined as union of downlink subframes and subframes including DwPTS of all serving cells. 
Table 1 shows in which case the UE is required to monitor the PDCCH in the PDCCH-subframe.
    
- subframe type A: PCell=DL, SCell=UL
  

- subframe type B: PCell=UL, SCell=DL
	 
	Case #
	subframe type
	PDCCH-subframe?
	Scheduling direction
	Current UE behaviour 

	Alt1
	1
	A
	Yes
	Downlink
	Monitoring PDCCH

	
	2
	B
	Yes
	Uplink
	Monitoring PDCCH

	Alt2
	3
	A
	Yes
	Downlink
	Monitoring PDCCH

	
	4
	A
	Yes
	Uplink
	Monitoring PDCCH

	
	5
	B
	Yes
	Downlink
	Monitoring PDCCH

	
	6
	B
	Yes
	Uplink
	Monitoring PDCCH


Table 1.Problematic Cases
As seen in Table 1, even though Alt1 is used, there is a case (case 2) that the UE unnecessarily monitors PDCCH in the PDCCH subframe where the subframe is configured with uplink for PCell and downlink for SCell, i.e., although the eNB is impossible to schedule the DL transmission for the SCell in the subframe, the UE is unnecessarily required to monitor the PDCCH in the PDCCH-subframe according to the current specification. 
Note that if Alt 2 is used, in case 4 and 6, the UE is unnecessarily required to monitor the PDCCH in the PDCCH-subframe according to the current specification.

Proposal 1: In either alternative, the MAC layer should take care of preventing for the UE to unnecessarily monitor the PDCCH in the PDCCH-subframe.

Although RAN1 have not decided which alternative to follow yet, RAN2 can discuss possible solutions for both Alt1 and Alt2. 

· To modify the definition of the PDCCH-subframe 
· To amend DRX operation for the half-duplex TDD UE regarding PDCCH monitoring
Although modifying the definition of the PDCCH-subframe may give finer scheduling opportunities with the same DRX timer value, because there is already a similar work for half-duplex FDD UE in DRX operation as follows, it would be simpler and more consistent to amend the DRX section related to PDCCH monitoring for the half-duplex TDD UE.
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;
From the above, it is proposed that

Proposal 2-1 (Alt.1in RAN1): during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation or if the subframe is not configured for uplink transmission in the PCell for half-duplex TDD UE operation, and if the subframe is not part of a configured measurement gap:
Proposal 2-2 (Alt.2 in RAN1): during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD/TDD UE operation and if the subframe is not part of a configured measurement gap, the UE monitors PDCCH. 
Related CRs are provided in [2] and [3] for Alt and Alt2, respectively. 
3
Conclusion

In this contribution, we discussed the DRX operation for half-duplex TDD UE and concluded following:
Proposal 1 (Alt.1in RAN1): during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation or if the subframe is not configured for uplink transmission in the PCell for half-duplex TDD UE operation, and if the subframe is not part of a configured measurement gap:
Proposal 2 (Alt.2 in RAN1): during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD/TDD UE operation and if the subframe is not part of a configured measurement gap, the UE monitors PDCCH. 
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