Page 1

3GPP TSG RAN WG1 #82bis
R1-155730
October 5th – 9th, 2015
Malmo, Sweden
Agenda item:
7.2.3.3
Source: 
Qualcomm Incorporated
Title: 
DRX and PHY layer aspects for LAA
Document for:
Discussion and Decision
1
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. 

2
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.

As discussed in [1], reducing power consumption when using a large number of unlicensed carriers is one of the key objectives of LAA PHY layer design. In the current DRX procedure in LTE, the UE wakes up on all the carriers during the DRX ON period to receive data. If the UE does not receive any grants for a configured period of time, the UE goes back to sleep, saving power. 
However, LAA UEs are expected to have a large number of unlicensed carriers in addition to a few unlicensed carriers. However, in practice, the eNB will not have data for the UEs every time the UE wakes up from DRX mode. This results in significant additional power consumption at the UE as the UE has to wake on all the licensed and unlicensed carriers.  
To reduce the power consumption even in DRX ON state, we propose a modified DRX procedure which takes into account the nature of channel access in the unlicensed spectrum, the number of carriers configured and the probability that eNB has data for a UE during a DRX ON period. 
2.1
Modified DRX

The UE first wakes up only on the licensed carrier(s). If the UE receives a grant or a wake up indication 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 such 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 1: 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 1), the UE determines the validity of each subframe by checking the presence of CRS in symbol 0. If it detects a valid CRS, the UE proceeds with decoding the control channels to determine whether that subframe is MBSFN or non-MBSFN. The UE also reads the DL-UL configuration indicated by the eNBs in every subframe to determine how many valid DL subframes it can expect and the duration of the upcoming UL period. 

Such a DRX procedure allows the UE to minimize the power consumption by waking up the UE only on the licensed carriers. In addition, the signalled DL-UL configuration in each subframe allows the UE to save power even during the DRX ON period. Finally, PDCCH based signalling can help to save additional power by early termination of processing. 

2.2
Dual DRX cycles

As an alternative to licensed assisted DRX wakeup, we could consider dual DRX cycles in which the licensed and unlicensed carriers are configured with different DRX periods. For example, licensed carriers could be configured with DRX periods of 40ms and unlicensed carriers configured with DRX periods of 160ms. This ensures that the UE can wake up often on the licensed carriers to determine if it has any data to transmit and wakes up fewer times on the unlicensed carriers. Such a mechanism can provide significant power savings as the UE wakes up fewer times on the unlicensed spectrum. 

When the eNB starts transmitting data on the licensed carrier, the UE may also wake up on the unlicensed carriers to receive the data. This dual DRX operation can either configured independently or in conjunction with licensed assisted wakeup can save power at the UE.
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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. Alternatively, different DRX cycles are configured on the licensed and unlicensed carriers. 

Proposal:

1. Modified DRX procedure for unlicensed carriers where the UE first monitors grants or an indication on the licensed carrier and then starts monitoring the unlicensed carriers if it receives a wake up message on the licensed carriers.

2. Dual DRX cycles with different DRX periods for licensed and unlicensed carriers
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