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1 Introduction
In the previous RAN1 meetings, there has been extensive discussion on the potential UE power reduction techniques. In RAN1#80bis meeting, a possible summary from Chairman for the possible solutions has been captured in the meeting minutes [1] as extracted below: 

· (Possible Chairman’s summary) Possible power consumption reduction techniques include at least the following:

· Relaxed/reduced CSI feedback

· Relaxed RRM/RLM measurements (RAN4 is also discussing this topic)

· Impact of imperfect timing tracking

· TBCC vs. Turbo coding for small packets

· Lower modulation order (e.g., pi/2 BPSK)

· Early termination for a bundled transmission

· Enhanced SPS

· Power boosting by eNB for downlink transmissions

· Any other techniques UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe at least for Rel-13 low complexity UE.

In this contribution, the possible solutions for UE power reduction will be discussed, which may not be limited in the previous summary. Based on the discussion, some observations and proposals are provided.
2 Discussion
For power consumption reduction, there has been a lot of discussion and studies across RAN1 and RAN2. In general, the UE power consumption may depend on UE operation mode, as illustrated in Figure 1.
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Figure 1. UE power consumption 
Power saving mode (PSM) has been introduced in Rel12, enabling a significant improvement in device battery life. During power saving mode, the UE is not reachable without any paging check and RRM measurement but it is still registered with the network.  
For Idle mode and inactive time of the connected mode, I-eDRX and C-eDRX have been under study in RAN2 for achieving the power saving with the longer sleeping time.
From RAN1 perspective, we may focus on the power reduction techniques for UE in the connected mode, especially during the active transmission period, because UE uplink transmission is most power consuming procedure. In addition to power saving during the transmission period, reduction on UE active reception/processing time can also save the power significantly during the UE inactive period. In the following sections, we will discuss the power reduction techniques from UE transmission and reception separately.
2.1 PUSCH Transmission with Longer TTI

According to the traffic models for MTC as described in Annex A of 36.888 [2], the typical UL packet size is about 100 bytes, i.e., at least 1000bits including the protocol headers. However, for UE in the enhanced coverage, at most 1PRB/1TTI can be allocated due to power restriction according to the current specification. So the data packet has to be segmented as many small packets for transmission which increase both the control channel overhead and protocol/CRC overhead significantly. Moreover, the turbo coding gain is also restricted due to the small packet size. 

However, if the longer TTI can be applied for one TB transmission in uplink, it can significantly reduce the overhead and improve the performance. In a companion paper [3], we provided the detailed analysis. The simulation results about the overall transmission time for a 1000bits packet size were extracted below in Table 1. Here, the shorter transmission time can be interpreted as the gain for power saving. It can be noticed that the power saving gain is quite significant with the longer TTI transmission.
Table 1.  Comparison for different TTI lengths in 18dB CE [3]
	TBS (bits)
	TTI length (ms)
	Repetition number at 10% BLER
	Transmission time at 10% BLER (ms)
	User data rate (bps) and gain 
	Effective user data rate (bps) and gain 
	Overall transmission time of a 1000bits packet (ms) and power saving gain

	72
	1
	232
	232
	310.3
	/
	206.9  
	/
	4834
	/

	144
	2
	168
	336
	428.6
	38.1%
	357.1
	72.6%
	2801
	42.1%

	224
	3
	132
	396
	565.6
	82.3%
	505.1
	144.1%
	1980
	59.0%

	328
	4
	114
	456
	719.3
	131.8%
	666.7
	222.2%
	1500
	67.0%

%

	424
	5
	105
	525
	807.6
	160.3%
	761.9
	268.2%
	1313
	72.8%

	504
	6
	101
	606
	831.7
	168.0%
	792.1
	282.8%
	1263
	73.9%

	Note: user data rate is calculated by TBS / Transmission_Time, and effective user data rate is calculated by (TBS-RLC_header-MAC_header)/Transmission_Time


Observation 1: Longer TTI can significant reduce the power consumption for UE, especially in enhanced coverage.
Proposal 1: Longer TTI should be supported for UE power consumption reduction.
2.2 Dynamic repetition for UL HARQ with support of early Termination 
Longer duration of HARQ transmission with repetitions means more active time for UE and the larger power consumption. So, it will be beneficial if UEs in CE mode can receive ACK/NACK indication as soon as possible and at the earlier stage, for example, within one subframe or a limited number of subframes. For easy description, such feature of UL HARQ can be named as “one-shot” HARQ feedback. It’s feasible to use 2~6PRB pairs to transmit one-shot HARQ feedback within one subframe. Once UE receives the feedback, it can stop the remaining repetitions for power saving. For this case, only ACK is needed for early termination.
Observation 2: It will be beneficial for UE power reduction if UL HARQ for Rel-13 UEs with coverage enhancement supports early termination of repetition. 

In CE mode, eNB can have an estimation of cumulated SNR, and it will improve resource efficiency if a retransmission is implemented with a different repetition number from that of the initial repeated transmission. A new HARQ re-transmission will require a smaller number of repetitions, comparing to initial transmission or the previous HARQ re-transmission based on the estimated cumulated SNR. Therefore it will be helpful to indicate a repetition number for retransmission to terminate a long repetition early. Also, it can reduce UE power consumption. Hence, UL HARQ for Rel-13 UEs with coverage enhancement should support dynamic repeated retransmissions by obtaining a repetition number from eNB. For example, for the first HARQ transmission, the number of repetitions can be given based on a coarse link adaptation. And in the HARQ retransmissions, the repetition numbers can be fine-tuned based on the instantaneous channel information. This dynamic repetition can reduce the resource overhead and power consumption significantly. It should be noticed that PUSCH transmission is a bottleneck for UE power consumption.  
Power consumption and resource overhead with/without dynamic repetition are compared in Table 2. In this table, one initial transmission with 20 repetitions (100 REs per repetition) and one retransmission is assumed for a successful reception of a data packet. Further, repetition number for a retransmission is 20 without dynamic repetition for retransmission and is 10, 5, 1 under the dynamic repetition. Assuming only 5 repetitions instead of 20 repetitions are needed in the retransmission, 37.5% resource overhead and power consumption can be reduced. It can be observed that a dynamic repeated repetition with different repetition numbers can improve efficiency of power and resource, by terminating a repetition early.

Table 2 Power consumption and resource overhead for one HARQ retransmission

	Repetition number for a successful reception
	20+20
	20+10
	20+5
	20+1

	Power consumption (Unit: J)
	0.06 (100%)
	0.045 (75%)
	0.0375(62.5%)
	0.0315(52.5%)

	Resource overhead (Unit: RE)
	4000(100%)
	3000(75%)
	2500(62.5%)
	2100(52.5%)


Observation #2: It will be beneficial to introduce a dynamic repetition mechanism in UL HARQ for Rel-13 UEs with coverage enhancement.

Proposal 2: Supports dynamic repetition with early termination for power saving and resource overhead reduction. 

2.3 Compact DCI for partial-adaptive HARQ retransmission 
Regarding to HARQ transmission for UE in CE mode, it seems not necessary to support full-adaptive HARQ, which may cause the large control overhead due to each data retransmission associated with the control channel carrying full control information. It also results in the high power consumption for UE receiving the repeated control channel. Typically, the larger DCI will require the longer time for UE receiving and processing. 
From the performance perspective, the adaptation on MCS may not improve performance of UE in CE mode due to the extreme low working SINR. Instead, it may make sense to only adjust some settings, e.g., the repetition number which provides the fine granularity on link adaptation.
Observation 3: Partial-adaptive retransmission is sufficient for UEs in enhanced coverage.

So it makes sense to have a compact DCI with truncated format carrying partial control information for HARQ retransmission. This DCI can carry the control information about the number of repetitions for the next HARQ retransmission. If needed, a few more control information can be included to support efficient partial-adaptive retransmission. Moreover, such DCI can be used to indicate NACK implicitly so that there is no need of PHICH for NACK/ACK. If ACK is needed, the normal DCI can be used to indicate a new transmission. So UE can detect different DCI to determine whether it is new transmission or retransmission.
Proposal 3: Support a compact DCI for partial-adaptive HARQ retransmission. 

2.4 Need of handover support for UEs in enhanced coverage
For UEs in enhanced coverage, the measurement accuracy can be worse and the measurement time can be longer due to the poor channel quality, which may be quite challenge to support a timely handover. 

From the mobility perspective, the UEs in enhanced coverage are assumed in the basement without moving. So the occurrence of handover is seldom happened. 

From the service perspective, MTC traffic is delay tolerant and the packet size is relatively small. Even if no support of handover, there may not be a big problem. UE can just perform cell selection in case of radio link failure. 

Observation 4: No clear benefit to support handover for UEs in enhanced coverage.

Supposing no support of handover, it can significantly reduce the eNB/UE complexity and power consumption. From UE perspective, there is no need of RRM measurement, especially frequent RF retuning for inter-frequency RRM measurement with configured gaps, which spares more time for user data transmission/reception or increase device sleeping time. Moreover, UEs in the connected mode may not need to read SIB updates frequently for handover related RRM measurement, which also saves UE power quite much. 
Proposal 4: FFS on need of handover support for UEs in enhanced coverage. 
A summary on the potential power reduction techniques have been provided in Table 3.

Table 3 Summary on potential power reduction techniques 
	UE Tx/Rx
	Power reduction techniques
	Advantage

	Tx
	longer TTI
	 - Coding gain with the lower effective coding rate
 - Reduced protocol/CRC overhead
 - Improved spectrum efficiency
 - Support larger TBS with higher turbo coding gain
 - Reduced overall UL repetition time

	
	Dynamic repetition with early termination
	 - Reduced active transmission time
 - More gain with intermittent UL repetitions

	Rx
	Compact DCI for retransmission
	 - Reduced DCI size for less processing/reception time at UE
 - Saving downlink resource

	
	No support of handover
	 - Potentially more inactive time by avoiding most of RRM measurement.
 - Reduced RRM measurement report
 - Reduced complexity with no need of gap pattern configuration for inter-frequency measurement

 - Potentially increased scheduling opportunities without measurement gaps


3 Conclusion
In this contribution, we discussed possible UE power reduction techniques. The following observations have been given:
Observation 1: Longer TTI can significant reduce the power consumption for UE, especially in enhanced coverage.

Observation #2: It will be beneficial to introduce a dynamic repetition mechanism in UL HARQ for Rel-13 UEs with coverage enhancement.

Observation 3: Partial-adaptive retransmission is sufficient for UEs in enhanced coverage.

Observation 4: No clear benefit to support handover for UEs in enhanced coverage.

Moreover, based on the discussion, we have following proposals:   
Proposal 1: Longer TTI should be supported for UE power consumption reduction.

Proposal 2: Supports dynamic repetition with early termination for power saving and resource overhead reduction. 

Proposal 3: Support a compact DCI for partial-adaptive HARQ retransmission.
Proposal 4: FFS on need of handover support for UEs in enhanced coverage. 
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