3GPP TSG RAN WG1 Meeting #86bis
R1-1609557
Lisbon, Portugal, 10th – 14th October 2016
Agenda Item: 8.1.7.1
Source: MediaTek Inc.

Title: 
On Techniques for Enhanced UE Power Efficiency
Document for: Discussion
1 Introduction
Due to the popularity of smart phone these years, the battery life issue has always been a big headache to smart-phone companies.  Though the modem power consumption may just occupy one third or less of the total smart phone power consumption, it’s still very beneficial to develop power-efficient techniques to enhance modem power consumption efficiency.  In 3GPP RAN1 Session #86, the following agreements have been achieved.
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant
· e.g., UE decoding power consumption in the slot with the data
· e.g., UE decoding power consumption in the data reception process
· e.g., UE decoding power consumption in the measurement
· e.g., UE decoding power consumption in the SS
· UE power reduction techniques also should be studied
According to our study, around 60% of power consumption is used for PDCCH decoding only, synchronization tracking and decoding of small data packets in current LTE system.  It’s not every power efficient in terms of energy per bit.  This paper provides observations on UE power consumption and proposes potential techniques to enhance UE power consumption efficiency for further study.
2 Discussion
2.1 UE power consumption
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Figure 1. Distribution of daily UE modem power consumption for 20MHz
Figure 1 shows the distribution of daily UE modem power consumption using DoU model for 20MHz.  From the figure, PDCCH-only decoding occupies 36% of daily UE power consumption and low-data-rate services (including voice and data services with data rate ≤ 8Mbps, which occupy around 75% DL data transmissions) occupy another 28%.  Combining both, 64% of daily UE power consumption is occupied.  UE modem power consumption mainly comes from three main parts – 1) RF module; 2) inner receiver (including ADC); 3) leakage current of outer receiver.  For RF module, the power consumption is mainly scaled with turned-on time length so increasing the time length of micro-sleep is very beneficial for RF module power efficiency.  For inner receiver, the power consumption is mainly scaled with the active carrier bandwidth so bandwidth on demand based on the traffic needs can enhance the inner receiver power efficiency.  For leakage current of outer receiver, the power consumption is mainly scaled with the turned-on portion so reducing turned-on portion can reduce the leakage current.
Observation #1: Around 64% of daily UE power consumption is occupied by PDCCH-only and low data rate services.
Observation #2: The following directions can enhance the power efficiency of UE modem.
· Increasing the time length of micro-sleep

· Bandwidth on demand based on the traffic needs

· Reducing turned-on portion

2.2 Potential Techniques
Based on the discussion in previous section, there are three potential directions to enhance the power efficiency of UE modem.  Following three potential directions, several techniques are proposed in the following subsections.

Techniques for enhanced RF power efficiency
In LTE, assume that 50% of a subframe time (i.e. 0.5ms) can be used for micro-sleep after PDCCH decoding.  If UE can obtain the information about whether there is scheduled data for it in current subframe earlier or faster, up to 85% of a slot time can be used for micro-sleep in NR.  However, for fast on/off operation within 1ms, RF module can be in low-power mode only, instead of fully turned off during micro-sleep so the actual power saving is up to 20~30%.  For longer micro-sleep, there are several techniques.
· Cross-slot scheduling [1]
· The timing relationship between downlink assignment and corresponding downlink data is slot N→(N+1)

· The RF power consumption comparison between LTE and the proposed technique is shown in Figure 2
· Existence indication of DL data-scheduling DCI
· UE is indicated by either a fast-decoded physical-layer signal or prior-DCI about whether there is DL DCI for DL data scheduling in current slot
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Figure 2. Illustration of cross-subframe scheduling
Observation #3: Up to 20~30% RF power saving can be achieved by the following techniques, assuming the same carrier bandwidth.
· Cross-slot scheduling with the timing relationship of slot N→(N+1)
· Existence indication of DL data scheduling DCI

Techniques for enhanced inner receiver power efficiency

In LTE, no matter how much traffic needs, UE always needs to monitor the DL control channel over the whole carrier bandwidth.  If the supported carrier bandwidth is up to 10MHz, there is not much difference in UE power efficiency.  However, in NR, the carrier bandwidth may be at least up to 80MHz.  UE power efficiency can be a problem if LTE scheme is applied.  According to our study, the power consumption for a carrier bandwidth of 200MHz is around 3 times the one for a carrier bandwidth of 20MHz.  For enhanced inner receiver power efficiency, bandwidth adaptation is very beneficial.  When a UE doesn’t require high peak data rate, UE can just monitor a narrowband portion within a carrier.  When a UE require high peak data rate, UE can be indicated to monitor wideband portion within a carrier or the whole carrier bandwidth.  Figure 3 illustrates the concept and detailed design can be found in another companion contribution [2].
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Figure 3. Illustration of semi-static bandwidth adaptation
Observation #4: Inner receiver power consumption can be cut to at least one third of the one using LTE scheme for 200MHz carrier bandwidth by semi-static bandwidth adaptation.
Techniques for enhanced outer receiver power efficiency

In LTE, no matter how much traffic needs, UE always needs to utilize the channel decoder supporting the peak data rate of the corresponding UE category.  A channel decoder supporting the peak data rate usually requires a large number of transistors and thus introduces large leakage current when it’s turned on.  If there are no needs for high peak data rate, it would be very beneficial for a UE to just use the channel decoder supporting low peak data rate because it requires only a small number of transistors and thus introduces small leakage current.  According to Figure 1, there is around 20% daily UE modem power consumption used for small data services and it could be worse when the peak data rate is increased from hundreds of Mbps to several Gbps.  Therefore, we propose semi-static bigLittle channel decoder adaptation in NR.  When there are no needs for high peak data rate, UE utilizes little channel decoder for both control and data decoding.  When there are needs for high peak data rate, UE utilizes little channel decoder for control decoding and big channel decoder for data decoding.  This facilitates a UE to turn off big channel decoder when it is not used.  Combining with semi-static bandwidth adaptation, both ADC and DBB can enjoy the power efficiency enhancements.  Figure 4 illustrates the concept of bigLittle channel coding with semi-static bandwidth adaptation.  Detailed proposals of bigLittle channel coding can be found in [3].
Observation #5: Combining with semi-static bandwidth adaptation, bigLittle channel coding can enhance both ADC and DBB power efficiency for PDCCH-only, synchronization tracking & small data services.
[image: image4.emf]Frequency

Time

BW configuration

Initial Access

Wideband data 

pipe activation

Wideband data 

pipe deactivation

BIG 

Channel 

Coding

Example UE Modem

LITTLE 

Channel Coding

Modem 

Status

Power 

Consumption

Low High Low

DL PHY Control DL PHY Data


Figure 4. Illustration of bigLittle channel coding combined with semi-static bandwidth adaptation
3 Conclusion
Observations are summarized as follows.
Observation #1: Around 64% of daily UE power consumption is occupied by PDCCH-only and low data rate services.
Observation #2: The following directions can enhance the power efficiency of UE modem.

· Increasing the time length of micro-sleep

· Bandwidth on demand based on the traffic needs
· Reducing turned-on portion
· Observation #3: Up to 20~30% RF power saving can be achieved by the following techniques, assuming the same carrier bandwidth.
· Cross-slot scheduling with the timing relationship of slot N→(N+1)
· Existence indication of DL data scheduling DCI
Observation #4: Inner receiver power consumption can be cut to at least one third of the one using LTE scheme for 200MHz carrier bandwidth by semi-static bandwidth adaptation.
Observation #5: Combining with semi-static bandwidth adaptation, bigLittle channel coding can enhance both ADC and DBB power efficiency for PDCCH-only, synchronization tracking & small data services.
Proposal is shown as follows.
Proposal: The following techniques should be considered in NR to enhance UE power efficiency.
· Cross-slot scheduling with the timing relationship of slot N→(N+1)
· Existence indication of DL data scheduling DCI

· Semi-static bandwidth adaptation
· bigLittle channel coding
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