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1 Introduction
A Work Item (WI) on further enhancements to LTE TDD for DL-UL interference management and traffic adaption (eIMTA) was agreed at RAN #58 [1] and detailed operation has been discussed by RAN1. In this document, we share our views on RAN2-related issue in the context of eIMTA WI, especially focusing on DRX operation. 
2. Discussion
2.1 Background

LTE TDD allows for asymmetric UL-DL allocations by semi-statically configuring UL/DL configuration. There are seven different UL/DL configurations defined in TS36.211. These configurations can provide between 40% and 90% DL subframes. TDD UL-DL configuration is signaled in system information block 1(SIB1) and could be updated in a time scale of 640ms. Consequently, the semi-static radio resource configuration may not match the instantaneous traffic situation due to the 640ms latency in reconfiguration. During the SI phase different methods to support three time scales (i.e. 640ms, 200ms and 10ms) for TDD UL-DL reconfiguration were identified and evaluated. Performance evaluations revealed significant throughput performance gains for low and medium system loadings by allowing TDD UL-DL reconfiguration in a short time scale and the gain get reduced in medium timescales and are almost diminished in 640ms timescale. Therefore, fast traffic adaptation in order of 10ms was agreed to be supported in RAN1 #72Bis. To achieve this fast reconfiguration design target, RAN1 concluded to introduce a new explicit L1 signaling as cited below, which was informed in [2] by RAN1 . 

· Agreements on L1 signaling for UL-DL reconfiguration
· No new TDD UL-DL configurations are introduced in the backward compatible carrier (in WI on TDD eIMTA)

· Explicit L1 signalling by UE-group-common (E)PDCCH is used for TDD UL-DL reconfigurations 
· The explicit L1 signaling is used to at least inform the UE of the downlink subframes to detect (E)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling are FFS
· Agreements on HARQ timeline
· Downlink HARQ timing follows a higher layer RRC configured TDD configuration

· At least configurations 2 and 5 can be selected

· FFS other configurations

· Further decide on the uplink scheduling and HARQ timing between the following alternatives

· Alt-1:Uplink scheduling timing and HARQ timing follow TDD configuration signaled in SIB1

· Alt-2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration.

· Observation: 

· Uplink and downlink scheduling and HARQ feedback timing is not dependent on explicit L1 signalling
Based on the agreements above, one frame structure is illustrated in Figure 1, which is potentially used in an eIMTA-enabled LTE-TDD system. The subframes in a radio frame can be categorized into two different types (i.e. either static subframe or flexible subframe) depending on whether the transmission direction is configurable radio frame by radio frame or not. Subframe #0, 1, 2 5 and 6 belong to static subframe type due to unchangeable transmission direction. The other subframes (i.e. subframe #3, 4, 7, 8 and 9) belong to flexible subframe type due to a configurable transmission direction that was signalled via the explicit L1 signaling. Although flexible subframes enable the fast traffic adaption in a time scale of 10 ms thereby providing an improved throughput performance, it also brings a new design challenge in the DRX operation due to the fact that the actual transmission direction of each flexible subframe is signalled by explicit L1 signaling from eNB to UE, which maybe missed at UE side and then results in the misalignment of DRX state between eNB and UE side.  
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Figure 1: an exemplified frame structure in eIMTA LTE TDD system
2.2. DRX operation

There are several DRX timers defined to support DRX operations in LTE system, including onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and HARQ RTT timer, etc., which are running in a PDCCH-subframe basis.
HARQ RTT timer is defined with the aim to allow the UE sleep during the HARQ RTT. When decoding of a downlink transport block for one HARQ process fails, the UE can assume that the next retransmission of the transport block will occur after at least ‘HARQ RTT’ subframes. In spec 36.321 [3], it was specified that “for TDD the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in Table 10.1.3.1-1 of [4]”. Table 10.1.3.1-1 is defined per UL/DL configuration. Note that an eIMTA capable UE may simultaneously configured with a number of UL/DL configurations, including at least a SIB1 UL/DL configuration and a higher layer RRC configured UL/DL configuration. As RAN1 has agreed that DL HARQ timing follows a higher layer RRC configured TDD configuration, it seems nature that the parameter “k” should be derived according to the higher layer RRC configured TDD configuration, rather than SIB1 configuration.
Proposal 1: 
· HARQ RTT Timer shall always be set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback as indicated in Table 10.1.3.1-1 of [4], wherein the “UL/DL Configuration” in Table 10.1.3.1-1 of [4] refers to the higher layer RRC configured UL/DL configuration.
For other DRX timers, we generally preferred to keep the existing DRX operation mechanism that PDCCH-subframe is defined per UE and commonly used for each DRX timer counting to minimize the specification/testing efforts as well as easy eNB and UE implementation. 

Proposal 2: 

· PDCCH-subframe is defined per UE and commonly used for each DRX timer counting
Following the principle aforementioned, we listed three possible PDCCH-subframe definitions for DRX operation in an eIMTA scenario.
· Solution 1: PDCCH-subframe is defined as static downlink subframes.
The static downlink subframe may only consist of the subframe #0, 1, 5 and #6 (Option 1 in Figure 2), which are used for DL transmission at any time point in eIMTA-enabled LTE TDD system. The battery saving performance at UE side assumes to be similar to the case that Rel-8 TDD UL/DL configuration 0 is used. Alternatively, the static DL subframes and subframes including DwPTS of solution 1 could be defined to refer to the DL subframes indicated by SIB1 TDD UL/DL configuration (option 2 in Figure 2) considering it is desirable to not allow these DL subframes to be dynamically changed to UL to avoid the potential impact on the RRM measurement of legacy UEs. Generally, option 1 is the simplest candidate approach and could ensure, at least to some extent, UE’s DRX state predictable and no mismatch between and eNB due to counting static DL subframes only for DRX operation, thus avoid any undesirable data loss. On the other hands, it may lead to a bad UE battery consumption because UE need to be active over long times and monitor PDCCH even the subframe is not counted as a PDCCH subframe when running DRX timers. One example of PDCCH-subframe following solution 1 was illustrated in Figure 2 below, assuming TDD UL/DL configuration 1 is indicated in SIB1. 
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Figure 2: One example of PDCCH-subframe with Solution 1.
· Solution 2: PDCCH-subframe is defined as union of downlink subframes, including both static DL subframes and the flexible Subframes reserved for DL transmission, according to DL-reference UL/DL configuration explicitly indicated via RRC signaling.
With solution 2, there could have a risk that active time would end before there is opportunity to schedule the UE, which happens when flexible subframes are dynamically used for UL transmission. This risk would eventually put constraint on eNB scheduler. For example, as illustrated in Figure 3, it may happen when the below conditions are met:

· The actual UL/DL configuration used is TDD configuration 0
· UE is configured with psf2 and onDurationTimer starts from subframe 3 according to DRX configuration.
· DL-reference configuration indicated via higher layer RRC signaling is TDD configuration 2.
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Figure 3: Example of PDCCH-subframe with Solution 2 
It should be noted that these two solutions (i.e. Solution 1 and 2) essentially lead to the PDCCH monitoring decouples from “PDCCH subframe” definition used for DRX timers, considering flexible subframes might be monitored for PDCCH according to UE-groups-common (e)PDCCH, but not counted for DRX timer at UE side. This complicates MAC specification unnecessarily and therefore not be preferred. 
Observation 1: 

· Defining PDCCH-subframe to associate with SIB1 Configuration or high layer RRC configured TDD configuration for DL HARQ timing may result in DRX operation decoupling with PDCCH-subframe. 
· Solution 3: PDCCH-subframe is defined as union of downlink subframe, including both static DL subframes and flexible Subframes that being used for DL transmission according to the actual UL/DL configuration indicated through explicit L1 signaling. 
Considering RAN1 has agreed that the UE-groups-common (e)PDCCH is used to inform the UE the DL subframes to detect (e)PDCCH, treating the flexible subframes that actually used for DL transmission wherein UE monitor (e)PDCCH as “PDCCH-subframe”, is a nature extension and also consistent with the existing UE’s PDCCH monitoring behavior. Meanwhile, with solution 3, the number of scheduling opportunities for the UE remains constant over time regardless the changing of transmission direction in flexible subframes, UE battery consumption could be optimized. One example of PDCCH-subframe is provided in Figure 4 for Solution 3 assuming the actual UL/DL configuration is configuration 3, which was explicitly indicated via L1 signaling. 
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Figure 4: Example of PDCCH-subframe with Solution 3 

One concern about solution 3 is how UE behaviors if the UE-group-common DCI is missed and thus lead to a mis-alignment between the active UE and eNB on the actual UL/DL configuration being used, and consequently make UE and eNB get out of sync on DRX state and follows different DRX pattern. One possible solution for this error case is that UE fallbacks to solution 1 in this case at the cost of an extended wake-up time and an increased UE power consumption but avoiding any potential loss of data. 
In addition, one example to conceptually show the power consumption performance of three candidate solutions is illustrated in Figure 5. In this example, it was assumed that the eIMTA capable of UE has been assigned a regular DRX operation according to current general connection requirements and three different UL/DL configurations are configured as follows: SIB1 configuration is configuration 0, and DL-reference configuration is UL/DL configuration 2, while the actual UL/DL configuration indicated by UE-group-Common PDCCH is configuration 1 and 2 in the radio frame #n and # (n+1) respectively. It can be clearly seen that Option 3 could provide the best tradeoff performance between scheduling opportunities and UE power consumption aspects. 

Based on above discussions, we propose: 

Proposal 3: 

· PDCCH-subframe is defined as union of downlink subframe, including both static DL subframes and flexible Subframes that being used for DL transmission according to the actual UL/DL configuration indicated through explicit L1 signaling. 
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Figure 5: Comparing of three candidate solutions in terms of power saving aspect
3. Conclusion
This contribution studied several design aspect to enable DRX operation in eIMTA-enabled LTE-TDD system. We identified three possible PDCCH-subframe definitions and presented our views on each of them. Based on the discussions, we have following observation and proposals: 
Proposal 1: 
· HARQ RTT Timer shall always be set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback as indicated in Table 10.1.3.1-1 of [4], wherein the “UL/DL Configuration” in Table 10.1.3.1-1 of [4] refers to the higher layer RRC configured UL/DL configuration.
Proposal 2: 

· PDCCH-subframe is defined per UE and commonly used for each DRX timer counting
Observation 1: 

· Defining PDCCH-subframe to associate with SIB1 configuration or high layer RRC configured TDD configuration for DL HARQ timing may result in DRX operation decoupling with PDCCH-subframe. 
Proposal 3: 

· PDCCH-subframe is defined as union of downlink subframe, including both static DL subframes and flexible Subframes that are used for DL transmission according to the actual UL/DL configuration indicated through explicit L1 signaling.
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