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Introduction
As discussed in our companion contribution [1], there can be a significant power consumption impact at the UE if there is an uncertainty of continuing eNB transmission or ongoing UL transmission. We proposed to indicate the DL-UL configuration of each burst to alleviate this impact at the UE. In this contribution, we discuss the interaction of the DRX procedure and UE knowledge of ongoing transmissions and propose a modified DRX procedure for unlicensed LAA carriers. 
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DRX operation for LAA carriers
When a SCell is in deactivated state, the UE only performs RRM measurements on this cell. The UE wakes up at the expected location of a DMTC window to perform RRM measurements and then goes back to sleep. Upon activation, the UE may wake up more frequently on the SCell to perform both RRM and CSI measurements on the carrier. In this scenario, the UE may wake up multiple times within each DMTC period to perform CSI measurements.
With the existing DRX procedure, the UE wakes up on both the licensed and unlicensed carriers during the DRX ON period for monitoring grants from the eNB. However, once the UE wakes up on the unlicensed carrier, it does not know anything about the signals present in the subframe due to the absence of knowledge of the validity of the subframe for DL transmission as discussed in [1]. To decode the control channel on a subframe when the UE wakes up in the middle of an ongoing DL transmission, the UE has to blindly detect the presence of reference and synchronization signals on the subframe assuming that it is a valid subframe. In addition, as the subframe may be partial subframe at the end of a DL transmission burst, the UE has to try the control channel decode also assuming that the subframe is partial subframe at the end of a transmission burst. Finally, the eNB may be starting transmission in that subframe and hence the UE needs to monitor for the presence of a reservation signal as well. Control channel decoding with multiple subframe type hypothesis and reference signals imposes a significant power consumption cost at the UE which scales linearly with increasing number of carriers. This has to be continued until the start of the next transmission burst is detected at the UE.
The DL-UL configuration indication at the beginning of the burst as proposed in [1] is not effective in this context, as the UE may miss the start of the burst and hence the indication when it wakes up from DRX, if the eNB is already transmitting. One approach to solving this issue is for the UE to wake up before the DRX period to monitor the channel for the reservation signal. However, such a solution goes against the spirit of the DRX procedure and is also inefficient as the UE has to wake up at least N subframes before, where N is the length of the maximum DL transmission burst.
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Figure 1: UE uncertainty about signals present in a subframe once UE wakes up from DRX
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Modified DRX procedure
In this section, we propose a modified DRX procedure which takes into account the nature of operation in the unlicensed spectrum. 

The UE first wakes up only on the licensed carrier(s). If the UE receives a grant on the licensed carrier, it can wake up on the unlicensed carriers as well (after allocating some time for RF warm up). Such a procedure takes into account the fact that unlicensed carriers are available for opportunistic data offload and a UE need not be woken up on a large number of unlicensed carriers unless there is data to be transmitted to it. If no data is available at the eNB for transmission to the UE, the UE monitors the grants on the licensed carrier for the duration configured by the timer and then goes back to sleep. This results in significant power savings at the UE as the unlicensed carriers are monitored only when needed for data transfer and are not monitored otherwise.
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Figure 2: Illustration of new DRX procedure when eNB has data for a UE
Once the UE is actively monitoring the transmissions on both the licensed and unlicensed carriers after receiving a PDCCH/EPDCCH on the licensed carrier (as illustrated in Figure 2), the UE still does not have knowledge about the validity of the subframes in the transition period (as shown in Figure 2) until it detects the next reservation signal. 
One conservative solution for this lack of knowledge is to assume that no data is scheduled for the UE during the transition period and data transfer can start after the UE detects the next reservation signal. From this point on, the UE is fully aware of the assumptions that can be made for processing each subframe. As the duration of the transition period is small compared to the total duration for which the UE would be active to receive a burst of data, it would present a negligible overhead at the network.

If data is to be transmitted to a UE in the transition period (assuming it has valid DL subframes), the as discussed previously and in [1], the UE needs to know the validity of the subframes as well as the rate matching information for EPDCCH and PDSCH decoding. If the presence of reference and sync signals is known apriori to the UE, it can use this information for rate matching. However, the validity of DL subframes in the transition period should be indicated to the UE in some fashion.
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Conclusions 

In this document, we discussed the impact of the current DRX procedure on UE assumptions for decoding a subframe and the resultant power consumption. We noted that the power consumption scales with the number of unlicensed carriers and that this may be dominant contributor to UE power consumption as the number of unlicensed carriers may be an order of magnitude more than the number of licensed carriers. We then propose a modified DRX procedure that takes into account the uncertainties and the offload nature of the unlicensed spectrum. 

In this proposed DRX procedure, the UE first wakes up on the licensed carriers and wakes up on the unlicensed carriers only after it receives a grant on the licensed carrier. This proposal addresses the UE power consumption and rate matching/decoding uncertainty at the UE.
Proposal:

1. Consider a modified DRX procedure for unlicensed carriers where the UE first monitors grants on the licensed carrier and then starts monitoring the unlicensed carriers if it receives a grant in the licensed carriers.
2. Consider mechanisms to minimize UE power consumption and decoding complexity on the unlicensed carriers
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