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1 Introduction
“Keeping UE in connected mode” is a promising solution for signaling reduction for small data transmission. While the mechanism reduces the signaling due to state transition, it also increases power consumption since the basic power required by connected mode operation is higher than the amount required by idle mode operation. This paper analyzed the power consumption performance of the mechanism.
2 Discussion
The DRX mechanism in RRC_IDLE state is illustrated in Fig. 1(a). The UE will spend a period of on duration which includes preparation, active, and shutdown time (applied the model from [1]) to monitor PDCCH and receive paging message. When a UE discovers its paging or has uplink data, it needs to do network entry to receive/transmit the data. The time required by network entry is referred as Tpromotion in Fig. 1(b). We added such consideration to our analysis due to fare comparison.
When UE is in RRC_CONNECTED, it continues monitoring the PDCCH except when DRX is configured. Besides PDCCH monitoring, UE in connected mode has to do measurement (RRM and CQI) according to configuration even when DRX is configured. Measurement needs both RF and BB and such high power consumption action/modules cannot be turned off as long as the UE is in connected mode. According to observation, the power consumption of DRX is not as low as expected (as shown in Table 1). In fact, if UE is still doing measurement, only 12% power saving was observed. In that case, there is a big difference between PCONN_OFF and PIDLE_OFF. However, UE does not need to do measurement all the time during DRX, so there is still chance for UE to do deep sleep and the chance is up to UE implementation.

We further analyzed the benefit of turning off high power consumption modules when UE is kept in connected mode for signaling reduction. Assuming the DRX cycle is long, we further assumed that UE can go to deep sleep similar to RRC_IDLE and only wakes up to derive the latest CQI information before each ON duration as illustrated in Fig. 1(d).

[image: image1]
Fig. 1 Illustrations of (a) RRC_IDLE (b) RRC_IDLE with promotion time (c) RRC_CONNECTED (d) RRC_CONNECTED with deep sleep
Our power consumption modeling can be found in Table 1. The power consumption of idle mode PIDLE_OFF represents 1 unit, other parameters are scaled accordingly.
Table 1: UE power consumption model

	Parameter
	Value
	Parameter
	Value

	PIDLE_OFF
	1
	Ton = Tprepare + Tactive + Tshutdown
	40 ms

	PIDLE_ON
	50
	Tactive
	1 ms

	PCONN_OFF
	150
	Tpromotion
	260 ms

	PCONN_ON
	170
	Tprepare + TCQI
	200 ms

	Ppromotion
	120
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Fig. 2 Power consumption versus DRX cycle length

From Fig. 2, it can be observed that the power consumption in RRC_CONNECTED can be efficiently reduced by decreasing measurement. For the best case scenario (no measurement except Tprepare + TCQI), the reduction is very significant (>97%) assuming the UE can enter deep sleep (power consumption equals to RRC_IDLE) during the long DRX cycle. Furthermore, when considering the promotion power, the power consumption performance of (b) and (d) is very similar. However, certain measurement is still necessary based on UE mobility.
Observation 1:
The power consumption of UE in connected mode DRX considering measurement is still high compares to UE in idle mode.
Observation 2:
Allow UE to enter deep sleep more often during connected mode DRX significantly reduce power consumption. With proper setting, the power consumption performance can be close to the performance of idle mode.
Decreasing RRM measurement would have its toll on mobility robustness. Therefore, it is important to find a good operation point respect to UE speed, traffic, and power saving.

3 Conclusion
This paper analyzed the power consumption of keeping UE in connected mode and has following observations:
Observation 1:
The power consumption of UE in connected mode DRX considering measurement is still high compares to UE in idle mode.
Observation 2:
Allow UE to enter deep sleep more often during connected mode DRX significantly reduce power consumption. With proper setting, the power consumption performance can be close to the performance of idle mode.

In conclusion, if the UE is kept in connected mode due to signaling reduction purpose, it is preferred that the power performance is not severely degraded. Therefore, we have following proposals:
Proposal 1:
RAN2 should consider mechanism to decrease the measurement frequency to enhance the power consumption performance of keeping UE in connected mode due to signaling reduction purpose.

Proposal 2:
Consult RAN4 on the relaxation of measurement requirement.
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