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1. Introduction
In RAN#58, a new work item of LTE_TDD_eIMTA was approved [1].  The objective of this work item is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the supported time scale together with the necessary signalling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signalling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

DRX is an important feature of LTE design. When UE supports DRX in eIMTA, new challenges may happen due to the dynamics of TDD configurations. In this contribution, we discuss DRX support in eIMTA. 

2. Background
DRX is an important feature of LTE for UE power saving. However, it may also face new challenge in eIMTA, e.g. 
· Misalignment of TDD CFGs b/w eNB and UE
· UE may miss PDCCH w/ new CFG during sleep
· A common issue of reconfiguration signaling reliability, while DRX increases missed detection probability
· Misalignment of DRX state b/w eNB and UE
· eNB may regard UE as sleeping while UE is actually awake, or the other way
DRX state misalignment between eNB and UE will waste spectral resource. This motivates to design new DRX scheme for eIMTA system. 
3. Discussion
3.1. Special DRX configuration
As eNB implementation based solution, some specific DRX configurations may be employed, e.g. DRXcycle / DRXoffset / OnDurationTimer, so that UE can wake up in specific subframes to monitor PDCCH. Typically, in order to maintain sync-up with UE, eNB can set UE to always wake up in anchor downlink subframes so that UE can timely receive TDD reconfiguration indicator. For example, we can set DRXcycle=10ms, DRXoffset = 0, and onDurationTimer = psf2. What’s more, eNB will periodically transmit TDD reconfiguration indicator in subframe #0. Hence, after UE wakes up, it can always obtain new reconfiguration indicator, and will use new TDD configuration to count DRX related timer, i.e. onDurationTimer/InactivityTimer/drx-RetransmissionTimer. In this way, there will be no DRX misalignment problems in eIMTA.

Since this solution is eNB implementation based, there will be no specification impact. But this solution will put some strict constraint on DRX configuration and TDD reconfiguration indicator, and will thereby limit both DRX power saving gain and eIMTA traffic adaption gain. In addition, there may be PDCCH capacity limitation problem if a lot of UEs wake up in the same subframe.  
3.2. UE pre-wake
It is a UE implementation based solution. UE can pre-wake up several subframes before entering active state to receive the TDD reconfiguration indicator, so that UE can always know the new TDD configuration of eNB when it “actually” wakes up (a.k.a. starting onDurationTimer). Thus, after UE wakes up, all DRX related timers are based on new TDD configuration. It is up to UE to determine how long the pre-wake-up time is.
Similar to solution 1, this solution does not need specification change, and also suffers the problem of limited power saving gain.
3.3. TDD configuration fallback  
In this solution, when UE goes into DRX, eIMTA UEs fallback to some reference TDD configuration, and monitor PDCCH subframes for DRX timer according to the reference TDD configuration. UEs’ reference configuration can be the reference configuration for UL HARQ timing [3], or can be the legacy TDD configuration from SIB-1. When UE leaves DRX, eNB sends an explicit signaling to notify UE to exit from the fallback reference configuration, and can dynamically change its TDD configuration.
This solution needs to design new L1/high-layer signaling, which may need some standard efforts. And it will limit eIMTA UEs’ traffic adaption gain since eIMTA UEs have to use a fixed configuration when using DRX.
3.4. New definition of DRX timer
In this solution, we redefine some of DRX timer. Specifically, onDurationTimer/drx-InactivityTimer is redefined as only counting the anchor downlink subframes. That is, when onDurationTimer/drx-InactivityTimer is started, UE and eNB will only count anchor downlink subframes, so that there will be no DRX state misalignment problem between UE and eNB. When UE wakes up in a subframe, it will start OnDuationTimer. Since this timer only counts anchor donwlink subframes, there is no timer misalignment problem between eNB and UE although eNB and UE have different understanding about TDD configuration. If UE receives initial grant in DL subframe, it will start the drxInactivityTimer which will also only count the coming anchor downlink subframes similar to the OnDuationTimer. 
Although this solution needs to redefine OnDurationTimer/ drxInactivityTimer in specifications, it can keep the DRX related procedure and parameter in RRC signaling. 3GPP already uses a similar approach for CA with different TDD configurations [4]. The problem of this solution mainly includes some loss of power saving gain because UE may monitor more PDCCH subframes. Actually, this solution can be interpreted that UE and eNB make the most conservative assumption on TDD configuration misalignment.
Based on discussions above, we propose:
Proposal 1: DRX solution in eIMTA needs further study.

4. Conclusions

In this contribution, we discussed the challenges of DRX operation in eIMTA. A few DRX solutions are proposed to address the DRX state misalignment problem. The pros and cons of these solutions were analyzed.
Proposal 1: DRX solution in eIMTA needs further study.
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