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1 Introduction
One remaining issue in cell specific TDD configuration is DRX operation for half-duplex UE i.e. how/when to monitor PDCCH in the conflicting subframes in which different uplink and downlink subframe is configured in serving cells. In this case, the UE may not be able to monitor PDCCH on one serving cell if the UE is decided to transmit uplink signal on the other serving cell. 
In RAN1 #71 meeting, it was agreed how to decide uplink or downlink direction in the conflicting subframe for half-duplex UEs.  Therefore, based on RAN1 agreement, we propose desirable DRX UE operation for monitoring PDCCH in half-duplex operation. 
2. Discussion
In TS36.211 section 4.2[1], the half-duplex UE operation in case of cell specific TDD configuration is defined, which is copied below for reference.

	In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe
-  if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.


The main rule is that the UE follows the direction of the primary cell in the conflicting subframe. If the subframe in the primary cell is a downlink subframe, the UE considers the conflict subframe as downlink subframe. Otherwise, the UE considers it as uplink subframe. 

However, there is one special case where the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe. In this case, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmission in the secondary cell, however it is expected to receive other channels including PDCCH. The reason is because the first few OFDM symbols are used for downlink transmission in the primary cell which is the same as the secondary cell.

Observation 1: there is one special case where the subframe in the primary is a special subframe and the same subframe in a secondary cell is a downlink subframe. In this case, the UE is not expected to receive EPDCCH but expected to receive PDCCH. 

Based on RAN1 agreement, it is necessary to describe DRX operation monitoring PDCCH in half-duplex TDD operation because the UE may not be able to monitor PDCCH in a subframe although the subframe is considered as the Active Time in DRX operation. Basically, the following part needs to be modified in TS36.321[2]. 

	-
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;


However, due to the special case described in observation 1, it is hard to define PDCCH monitoring with one simple condition like half-duplex FDD UE. The reason is because PDCCH includes both the legacy PDCCH, EPDCCH and R-PDCCH according to terminology defined in TS36.321[2] as follows. When the UE is supposed to monitor PDCCH, it means that the UE should monitor both legacy PDCCH and EPDCCH if EPDCCH is configured in the subframe. In order to support special case, the UE should be allowed to monitor the legacy PDCCH only while prohibiting monitoring EPDCCH for the special case.    
Observation 2: in TS36.321, monitoring PDCCH means that the UE monitors both the legacy PDCCH and EPDCCH if configured. Therefore, it is hard to define UE monitoring PDCCH for half-duplex operation without distinguishing the legacy PDCCH and EPDCCH. 
In order to support the special case discussed in Section 2, a straightforward approach would be that the legacy PDCCH and EPDCCH are defined separately in TS36.321 by modifying the definition of PDCCH. However it requires many changes and it make the specification complicated unnecessarily given that PDCCH is used in other operations in addition to DRX operation. 

Instead, we could directly refer to TS36.211 because the detailed UE operation is already described in TS36.211 as shown in Section 2.  

-
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 expected to receive PDCCH according to TS36.211 Section 4.2[7] for half-duplex TDD UE operation and if the subframe is not part of a configured measurement gap:
- monitor the PDCCH;
If the above condition is not sufficiently clear, it could be considered to add a note indicating that the UE monitors legacy PDCCH[7] only in the subframe where the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe. Nevertheless, the above change would avoid distinguish the legacy PDCCH and EPDCCH in MAC specification. 

Proposal: RAN2 is proposed to adopt the above change to support DRX operation in the half-duplex UE operation  
4. Conclusion
In this document, we discuss how to define UE monitoring PDCCH for half-duplex TDD UEs in DRX operation. We observed that there is one special case where the subframe in the primary is a special subframe and the same subframe in a secondary cell is a downlink subframe and in this case, the UE is not expected to receive EPDCCH but expected to receive PDCCH. However, in TS36.321, monitoring PDCCH means that the UE monitors both the legacy PDCCH and EPDCCH if configured. Therefore, it is hard to define UE monitoring PDCCH for half-duplex operation without distinguishing the legacy PDCCH and EPDCCH.

In order resolve this issue, we would like to propose the following change in TS36.321 to support DRX operation in the half-duplex UE.  

-
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 expected to receive PDCCH according to TS36.211 Section 4.2[7] for half-duplex TDD UE operation and if the subframe is not part of a configured measurement gap:
- monitor the PDCCH;
 CR based on proposals made in this contribution is given R2-13xxxx [3].
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