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1. [bookmark: _Ref525302579]Introduction
It was agreed in RAN#80 meeting that SI power saving to be studied. One of the objectives is listed below:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
It can be seen that one of the objectives is to study mechanism in reducing PDCCH monitoring for DRX. In this document, further analysis on uplink transmission enhancement for DRX is carried out. And it can be seen from the simulation result that the proposed uplink transmission enhancements for DRX bring gains for power saving.
2. [bookmark: _GoBack]Discussion
[bookmark: _Ref361326]2.1 Description of the issue
In Rel-15 NR, unlike in LTE, a UE can expect receiving/transmitting DL configured assignments (DL CA) and/or configured UL grants (UL CG) during DRX Inactive Time, which triggers switching to Active Time so as to monitor any potential retransmission request (for UL) and PDSCH re-transmission (for DL), as illustrated in Figure 1. This actually makes NR DRX less power efficient than LTE regarding SPS/CG handling.


[bookmark: _Ref1038050]Figure 1: SPS/CG transmission/reception during DRX Inactive Time with current specification
Of course, this issue can be circumvented by gNB configuring, as in LTE, the DRX parameters to match the configured assignments/grants, e.g. same period and offset, so that DL CA and UL CG always fall within the DRX Active Time. This is possible when only one SPS/CG configuration is supported. However RAN1 agreed [5] to support multiple CG configurations per BWP in Rel-16: then how to deal with different CG periods in DRX? Activity bursts are no longer periodic in which case a single DRX configuration can only aim at matching one SPS/CG configuration while allocated resources from other SPS/CG configurations will unavoidably fall within DRX Inactive Time.
Observation 1: Supporting multiple SPS/CG configurations with independent periodicities/offsets with a single DRX configuration unavoidably implies that some SPS/CG resources occur within DRX Inactive Time.
However, any UL/DL transmission/reception during DRX Inactive Time comes with a significant power overhead compared with Active Time mainly due to the required ramp up and down times at UE wake-up / go-to-sleep, as shown in Figure 2 extracted from Appendix 8.1.1 of [2]:
[image: ]
[bookmark: _Ref346573]Figure 2:  Illustration of UE power consumption at state transition
In the following, we focus on the cost of an UL transmission in a configured grant during DRX Inactive Time: Table 1 summarizes, from power values provided in Appendix 8.1.1 of [2] (for FR1), the relative power consumption with respect to Deep Sleep (=1) of the various processes involved during DRX with UL-only traffic. Specifically, [2] defines two components for the relative power consumption of the ramp-up/down state transitions: a power component per ms, proportional to the total transition time (= 20 / ms for Light Sleep) and an additional constant energy (= 100 for Light Sleep). [2] further defines a total transition time of 6 ms for Light Sleep thus resulting in a total relative power for transitioning from/to Light Sleep of 20x6 + 100 = 220. The equivalent calculation for Deep Sleep yields: 20x1 + 450 = 470. Thus, the additional transition energy required to transmit from DRX Inactive Time is quite significant compared to the PUSCH transmission itself.
[bookmark: _Ref347194]Table 1: Relative Power Consumption Assumption [2]
	Parameter
	Assumption

	Deep Sleep
	1 (per ms)

	Light Sleep
	20 (per ms)

	PDCCH-only
	100

	Long PUCCH or PUSCH
	250, 0dBm; 700, 23 dBm

	Ramp Up + Ramp Down to/from Light Sleep
	220

	Ramp Up + Ramp Down to/from Deep Sleep
	470



Observation 2: Uplink transmission during DRX Inactive Time comes with significant power consumption overhead involving the ramp up / down times at UE wake-up / go-to-sleep and the PDCCH monitoring during drx-RetransmissionTimerUL.
However, some services do not require strict low latency, like web browsing, social networking background tasks, etc. Therefore, it can be beneficial to delay their uplink transmission to the next DRX Active Time for reducing the power consumption especially for an aperiodic uplink transmission dominant traffic.
Observation 3: Enhancements are necessary for reducing the power consumption of uplink transmission in DRX.
2.2 Uplink Transmission Enhancement Schemes for DRX
As mentioned above, one of the potential solutions can be to delay the uplink transmission of non-time-critical LCHs to the next DRX Active Time. In other words, based on their QoS or LCP channel restriction parameter(s) some LCH would not be allowed to use configured grant resources if not in DRX Active Time. It can be argued that LCP channel restrictions could be used to restrict the usage of such configured grants to high-priority / time-critical LCHs (via existing configuredGrantType1Allowed parameter), thus preventing other (best effort) LCHs to trigger a switch to Active Time during Inactive Time. However, this would also apply to the DRX Active Time and would unnecessarily prevent such best-effort LCHs to use configured grants in these time intervals. We think it can also be quite restrictive to forbid all best effort LCHs to use configured grants, also considering the larger usage and amount of configured grants configurations in Rel-16.
We can generalize the delaying to the next Active Time slot of low latency LCH MAC PDU transmitted on configured grant resources to other UL transmissions e.g. RA preamble and SR:
For SR triggered by delay tolerant traffic, it was proposed in [3] that it is not transmitted during DRX inactive state. Due to the time budget, this option was not supported for Rel-15. This can be re-discussed.
The random access procedure is triggered by a number of events including RRC connection setup/re-establishment/resume, handover, out of sync, SCell addition, SI request, BFR, RA-SR and etc. However, similar to the D-SR, an RA-SR triggered by delay tolerant traffic in DRX inactive state can be delayed to the next DRX Active Time slot.
The above uplink transmission enhancement schemes are illustrated in Figure 3.


[bookmark: _Ref361038]Figure 3: Uplink Transmission Enhancement Schemes for DRX
2.3 Simulation Results for Uplink Transmission Enhancement in DRX
In this section, simulation results are provided to show the gains provided by delaying a non-time-critical PUSCH transmission to the next DRX Active Time. Figure 4 illustrates the power consumption gain w.r.t. different drx-RetransmissionTimerUL values. The simulation assumption on FTP traffic model and DRX parameters are provided in Annex A1 and A2 respectively.


[bookmark: _Ref361504]Figure 4: Power Consumption Gains from Uplink Transmission Enhancements in DRX
It can be observed that above 20% power consumption gain can be achieved with enhanced uplink transmission scheme. The gain is due to:
· No ramp up/down power consumption during DRX Inactive
· No power consumption for PDCCH monitoring during DRX Inactive
· Less PUSCH transmissions since multiple UL transmissions (including the delayed one) may be transmitted in one opportunity
Observation 4: With uplink transmission enhancement scheme, power saving consumption gain can be achieved. For example: with FTP3 file size of 0.5Mbytes, above 20% power consumption gain can be achieved.
In conclusion, we propose:
Proposal 1: Uplink transmission enhancements in DRX should be studied including:
· Delaying to the next DRX Active Time UL transmissions of low latency data arriving during DRX Inactive Time
· Delaying to the next DRX Active Time a D-SR triggered during DRX Inactive Time by a low-latency LCH
· Delaying to the next DRX Active Time an RA-SR triggered during DRX Inactive Time by a low-latency LCH
Proposal 2: Capture the evaluations in this contribution into the TR 38.840.
Proposal 3: Capture the proposed uplink enhancement schemes in this contribution into the TR 38.840.
3. Conclusion
In this document, we studied the impact of simulation result on percentage of power consumption percentage is presented and shows that:
Observation 1: Supporting multiple SPS/CG configurations with independent periodicities/offsets with a single DRX configuration unavoidably implies that some SPS/CG resources occur within DRX Inactive Time.
Observation 2: Uplink transmission during DRX Inactive Time comes with significant power consumption overhead involving the ramp up / down times at UE wake-up / go-to-sleep and the PDCCH monitoring during drx-RetransmissionTimerUL.
Observation 3: Enhancements are necessary for reducing the power consumption of uplink transmission in DRX.
And possible solutions are provided in this contribution. We also provided the evaluation of the gains of uplink transmission enhancement and it can be seen that:
Observation 4: With uplink transmission enhancement scheme, power saving consumption gain can be achieved. For example: with FTP3 file size of 0.5Mbytes, above 20% power consumption gain can be achieved.
And we kindly propose that:
Proposal 1: Uplink transmission enhancements in DRX should be studied including:
· Delaying to the next DRX Active Time UL transmissions of low latency data arriving during DRX Inactive Time
· Delaying to the next DRX Active Time a D-SR triggered during DRX Inactive Time by a low-latency LCH
· Delaying to the next DRX Active Time an RA-SR triggered during DRX Inactive Time by a low-latency LCH
Proposal 2: Capture the evaluations in this contribution into the TR 38.840.
Proposal 3: Capture the proposed uplink enhancement schemes in this contribution into the TR 38.840.
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Annex A.1
Table A1: FTP traffic model [4]
	Parameter
	Assumption

	FTP Model
	Model 3

	Packet Size
	0.5Mbytes

	User arrival rate λ
	Poisson distributed with arrival rate λ, λ = 0.2


Annex A.2
Table A2: DRX Parameters [2]
	Parameter
	Assumption

	On Duration Timer (ms)
	8

	DRX Cycle (ms)
	160

	drx-RetransmissionTimerUL
	 sl24 (12ms); sl64 (32ms); sl128 (64ms); sl160 (80ms); sl320 (160ms)

	PDCCH
	One per slot

	PUSCH Uplink transmission power
	Random distribution from 0dB to 23dB among different UEs

	Sleep State during DRX Inactive Time
	Light Sleep



sl24	sl64	sl128	sl160	sl320	0.20072992700729933	0.22292993630573249	0.24274406332453832	0.26024096385542184	0.30312500000000014	drx-RetransmissionTimerUL Duration
Gain(%)
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