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1 Introduction

In RAN2 #78 meeting, the following has been agreed for cell specific TDD configuration [1]. 
· 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.
However, it is still FFS whether the drx-RetransmissionTimer is counted based on the PDCCH subframe or scheduling cell DL and special subframe. In addition, cross carrier scheduling and half duplex TDD UE have been not considered. Therefore, in this contribution, we discuss the remaining issues to complete the support of cell specific TDD configuration in Rel-11. 
2. Remaining issues
2.1 DRX retransmission timer

In the last meeting, two approaches has been discussed but have not concluded yet. 
· Approach 1: Based on PDCCH-subframe 

· Approach 2: Based on downlink subframe and DwPTS of the corresponding cell. 

The advantage of approach 1 is simple because the PDCCH-subframe is used to count onDurationTimer and drx-InactivityTimer as agreed. If the approach 2 is used, the UE needs to count two different subframe types depending on DRX timer type which would be more complicated. 

On the other hand, the advantage of approach 2 is to set the short drx-RetransmissionTimer value if it is counted based on downlink subframe and DwPTS of a concerned serving cell. However, it is still not sure whether the gain is really remarkable enough to introduce the UE complexity managing two different subframe types to count DRX timers. 

First, in case where the downlink subframe pattern of the concerned serving cell is a superset of downlink subframe pattern of other cells, the number of PDCCH subframe is the same as the number of downlink subframes and DwPTS in the concerned serving cell. There is no difference between approach 1and approach 2. 
If the downlink subframe pattern of the concerned cell is a subset or different from the other cell, the number of PDCCH subframes can be larger than the number of downlink subframes and DwPTS in the scheduling cell. In this case, with approach 2, the shorter drx-RetransmissionTimer can be configured than with the approach 1. However, since we agree that the active time is common for all serving cells, the UE should monitor PDCCH subframe while the drx-RetransmissionTimer is running. Therefore, the shorter drx-RetransmissionTimer may not be helpful to reduce the number of PDCCH subframe that the UE needs to monitor although the UE counts drx-RetransmissionTimer based on downlink subframes and DwPTS of the concerned cell. Figure 1 shows an example of drx-RetransmissionTimer. Assuming the drx-RetransmssionTimer is 5 subframes with approach 1 and 3 subframes with approach 2, the scheduling chances are the same in the secondary cell and the number of PDCCH subframe is also the same. It means that there is no saving in the UE power consumption. However, there is clear gain if the drx-RetransmissionTimer is started and counted when the downlink subframe is consecutively located in the concerned cell while downlink subframes are not located in the primary cell. From the subframe 5 to subframe 9 would be the case. 
Observation 1: the approach 2 may or may not reduce the number of PDCCH subframes that the UE needs to monitor although the shorter drx-RetransmissionTimer is configured. 
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Figure 1 : example of drx-RetransmissionTimer
Furthermore, long drx-RetransmissionTimer does not directly mean that UE consumes more power because drx-RetransmissionTimer is expired when PDCCH is received. Actual length of active time with drx-RetransmissionTimer is variable depending on when the eNB schedules PDCCH for retransmission. Although long drx-RetransmissionTimer is configured, if the eNB schedules retransmission before drx-RetransmissionTimer is expired, the impact due to the long drx-RetransmissionTimer would not be significant. 
Observation 2: UE power consumption is not linearly increased with the length of the drx-RetransmissionTimer. 
Based on above observations, we prefer the proposal 1 for drx-RetransmissionTimer. 
Proposal 1: drx-RetransmissionTimer is counted based on PDCCH-subframe. 
2.2  Cross carrier scheduling 

According to the agreement, PDCCH-subframe is defined as union of downlink subframe and DwPTS of configured serving cells. However, the impact of cross carrier scheduling has not been discussed. 

If the cross carrier scheduling is configured, some of serving cells are used to transmits DL and UL grants to the UE, which is configured as scheduling cell via RRC signaling. Therefore, the UE does not need to monitor PDCCH on the serving cell which is not used for the scheduling cell. However, according to the current agreement, the PDCCH subframe is defined based on configured serving cells. If non-scheduling has more donwlinnk subframes and DwPTS and these are included as PDCCH subframe, it would be hard for the eNB to determine the optimized timer values for DRX related timers. 
Therefore, we propose that if cross carrier scheduling is configured, the definition of PDCCH subframe should be based on scheduling cells rather than the configured serving cells. This is more reasonable approach in the sense that PDCCH-subframe is the subframe that the UE can potentially receive PDCCH. 
Since the terminology, “the scheduling cell”, is not used in the MAC specification, we can modify the current agreement to add such that only the configured serving cells indicated to signal the downlink allocations and uplink grants is used to define PDCCH-subframe. 
Proposal 2 : PDCCH-subframe is defined as union of DL and special subframes of configured serving cells indicated to signal the downlink allocations and uplink grants. 

2.3 Half-duplex TDD support

Due to UE complexity and cost increase, it was decided that both full duplex and half-duplex operation are supported in cell specific TDD configuration. When downlink subframe and uplink subframe occurs in the difference cells (so called conflicting subframe), full duplex TDD UE can support downlink and uplink subframe simultaneously, while half-duplex TDD UE support only one direction, either downlink subframe or uplink subframe. RAN1 has been discussing how to decide the direction in the conflicting subframe, but there was no conclusion between the following two alternatives.

· Approach 1: the transmission direction of all subframes follow PCell SIB1 configuration 

· Approach 2: the transmission direction is determined by eNB 

In approach 1, if the conflicting subframe is downlink subframe in the PCell, the UE can receive downlink signal in the PCell or a secondary cell if it is in downlink subframe but the UE cannot transmit uplink signal. If the conflicting subframe is uplink subframe in the PCell, the UE can transmit uplink signal in the PCell or secondary cell if it is in uplink subframe but the UE cannot receive downlink signal. 

In approach 2, if there is uplink transmission in any of the serving cell, the UE cannot receive downlink signal in other serving cell if it is in downlink subframe. If there is no uplink transmission in any of the serving cell, the UE can receive downlink signal in the serving cell if it is in downlink subframe. 

Based above observation, the main difference between two approaches would be whether the direction follows the subframe configuration or actual transmission. Therefore, depending on approach, the possible change in MAC spec should be different as follows. 
· Approach 1: In HD TDD UE, for conflicting PDCCH subframe, if the subframe is not uplink subframe in Pcell, the UE monitors PDCCH subframe.

· Approach 2: In HD TDD UE, for conflicting PDCCH subframe, if subframe is not required for uplink transmission, the UE monitors PDCCH subframe. 
Therefore, it is recommended to wait until RAN1 decides how to decide direction in conflicting subframes. After RAN1 concludes, RAN2 could discuss how to modify MAC specification to support half-duplex TDD UEs. 
Proposal 3: RAN2 should wait until RAN1 decides how to decide direction in conflicting subframes. 

One thing to further consider is uplink transmission in approach 2. It is not yet clear whether uplink transmission includes all of uplink channels i.e. PUSCH, PUCCH, PRACH and SRS or some of uplink channels only. For example, the UE can receive control region although the UE transmits SRS in the same subframe in the other serving cell. For simplicity, it would be desirable to define uplink transmission includes all uplink channels. However, in order to give more scheduling chances or PHICH reception, it could be allowed for the UE to monitor control region in the conflicting subframe when SRS is transmitted in the end of subframe or PRACH is transmitted in UpPTS.
3. Conclusion
In this document, we discuss the remaining issue in cell specific TDD configuration. Based on the discussion, we would like to propose the following proposals. 
Proposal 1: drx-RetransmissionTimer is counted based on PDCCH-subframe. 
Proposal 2 : PDCCH-subframe is defined as union of DL and special subframes of configured cell indicated to signal the downlink allocations and uplink grants. 
Proposal 3: RAN2 should wait until RAN1 decides how to decide direction in conflicting subframes. 
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