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Discussion and decision
1 Introduction
In the RAN2 # 95 meeting [1], following agreement was made for UEs in RRC connected state.

	=>
RAN2 will study mobility in connected active state based on UL signals. Study should at least consider power consumption, network internal signalling aspects, scalability, mobility performance, etc.


However, as a power saving perspective, a new state “RRC connected inactive state” could be studied in NR. UL signal based mobility can also be considered in the RRC inactive state. In the last RAN1 #86 [2], following agreements are also made.

	· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU (days of use)
· 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


The agreements from the RAN1 indicates that when UE is performing frequency measurement or monitoring PDCCH or not monitoring PDCCH, power consumption rate at the UE could be different. In this document, we provide the details on the aspects to be considered for the analysis of power consumption between DL-based and UL-based measurement. This can be considered as reference for the way forward to UE power consumption evaluation for UL-based or DL-based measurement.
2 Discussion
UL-based vs DL-based operation
We consider that UEs are in RRC connected inactive state where eNB maintains the S1AP connection with the MME. This means the UE mobility is completely hidden to MME. When UE is in inactive state, it can be in power conserving mode (PCM) where it only keeps monitoring the PDCCH with a DRX cycle. We consider that the UE is able to perform cell reselection as in IDLE mode. For this purpose, UE has to maintain synchronization and measure neighbour cell signals to handle the mobility. One option is DL-based operation where the same idle mode legacy procedure of doing inter and intra frequency measurement for cell reselection is applied. In addition, if it moves out of the tracking area, it has to inform the serving cell for tracking area. In another option (UL-based operation), UE can transmit a UE specific reference signal to the network so that the network can find the best TRPs for the UE. For this to work, UE needs to be in the coverage of synchronized network or a sync zone which consists of one or more synchronized cells.
The figure 1 illustrates how UE behaves in the inactive state with DRX cycle when considering the DL-based and UL-based measurements in an ideal case where UE is within the cell. For the DL-based measurement, UE synchronizes with the serving cell and performs intra/inter- frequency measurement from the neighbour cell before being ready to monitor the paging. In UL-based measurement, UE synchronizes with cell and performs neighbouring cell measurement before transmitting the UL RS signal. It is not yet clear if both intra-and inter-frequency neighbour cell measurement is required. 
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Figure 1 UE behavior every DRX cycle for UL-based and DL-based measurement
If we consider that UE is within the coverage of serving cell but UE performs the frequency measurement/neighbouring cell measurement, then the straight forward comparison of power consumption shows that DL-based measurement is beneficial (27% gain in power saving) when the DRX cycle is small (e.g., 0.32s and 0.64s) and UL-based measurement is slightly beneficial (only 0.46% gain) when DRX cycle is large (e.g., 1.28s and 2.56s) as shown in table 1. It is because, based on LTE DL measurement requirement, UE is not required to do intra frequency measurement every DRX cycle when DRX cycle is small (e.g., 0.32s and 0.64s). However, UE requires UL-based measurement every DRX cycle as it needs to monitor the paging indicator every DRX cycle.

Table 1 Total power consumption in Watt with the scenario in table 3 in Annex

	DRX cycle (s)
	DL-based
	UL-based

	0.32
	37.9603125
	48.38625

	0.64
	26.2153125
	29.593125

	1.28
	20.339196
	20.192972

	2.56
	15.568638
	15.495526


However, there are factors that affect the analysis of power consumption comparison between DL-based and UL-based measurement. In NR, it is also not decided which numerology will be used for neighbouring cell measurement or UL reference signal transmission which affects the time duration. For example, how long it takes to perform the intra- and inter-frequency measurement if it is necessary when it wakes up every DRX cycle. It is possible that UE is under the good coverage of the serving cell under which condition it might not be necessary to measure the neighbour cell. Also, for UL-based measurement, even though it may not require to perform the inter-frequency measurement, it might still need to perform some level of neighbouring cell measurement to know that the current cell allow the UE to transmit the UL RS. In the next section, we analyse the details of the factors that the comparative analysis is dependent on.
In UL-based measurement, UE is also required to synchronize with network in every DRX cycle. Therefore, we assume synchronization operations, paging/network response occasion and UE ramp and ramp down process can be considered similar in both UL-based and DL-based measurement for comparative analysis of power consumption.
Observation 1 Power consumption analysis of UL-based and DL-based measurement depends on factors such as frequency measurement duration, DL reference signal measurement duration, UL RS transmission duration and NW response delay of UL RS transmission.
Dependencies for power consumption evaluation
Some aspects which need to be considered for the evaluation of power consumption in the UL-based and DL-based measurements are following.
1.  Intra-/inter-frequency measurement duration for DL-based
Depending on the bandwidth and periodicity of the synchronization signals from neighbor cells, Intra-/ inter-frequency measurement duration can be different in NR. Also the duration could be different in the case of only intra-frequency measurement or both intra and inter frequency measurements.
It is also possible that UE is in the good coverage of the serving cell and may choose not to perform the intra-frequency measurement or inter-frequency measurement. Therefore, if UE meets the criteria for medium-mobility state, DL-based measurement could be better than UL-based measurement in terms of power consumption.
However, when UE moves to different cell frequently, it has to read more system information (e.g., SIB3. SIB4 etc.) to find the intra and inter frequency measurement and cell re-selection information, the frequency measurement duration could be long.
Observation 2 Based on system design and UE mobility, intra and inter frequency measurement duration can be different which need to be taken into account for power consumption evaluation.
2. Neighbouring cell measurement duration for UL-based
In the UL-based measurement, UE might be moving within a synchronized networks. UE may not need to perform inter-frequency measurement but still needs to perform neighbouring cell measurement at least serving frequency so that it is within the synchronized network and has the valid configuration to be allowed to transmit the UL reference signal. It can transmit the UL reference signal in the assigned uplink resource which are being monitored by the TRPs. Based on the UL reference signal, cell can decide the suitable TRPs for UEs. However, this works as long as UEs are within the synchronized network. 
Observation 3 In UL-based measurement, UE might need to perform neighboring cell measurement. The duration of such measurement needs to be taken into account for power consumption evaluation.
3. UL reference signal transmission 
The design of UL reference signal impacts the signal transmission duration. For example, UE specific reference signal or beacon could last just few symbols taking less than a subframe duration. However, the UL reference signal could include data such as preamble code and UE ID which would take longer time to transmit. Longer the transmission higher the power consumption.
On the other hand, it is possible that UE is allocated a TRP which is closest to it. The UE can transmit the UL reference signal with reduced power and save power. However, it is also possible the TRP misses the UL reference signal in which UE won’t receive the response. The consequence is that UE has to ramp up the transmit power and retransmit the signal which is more power consuming.
Observation 4 Based on the design, the transmit power and transmission time of the reference signal could be different which need to be taken into account for the power consumption valuation.

4. Network response delay for UL-based reference signal

Based on the architecture design options, network response delay for UL-based measurement could be small or depend on the RTT of the network nodes. From power consumption point of view, the NW response delay or window could be either very small (e.g., less than 4ms) or large (e.g., more than 20ms). The reason is that UE has nothing to do during this period and there is ambiguity whether or not the UE should go to sleep mode. If the NW response delay is small, say less than 20ms, it might not be good decision to go to deep sleep (e.g. turning off RF chain) to save power as the counter effect is the waste of power in ramp up and ramp down.
On the other hand, if the modem allows UE to go into micro-sleep where it does not require long ramp up and ramp down between micro-sleep and active states, network response delay would have no impact on the power consumption evaluation.
Observation 5 Based on the power model considered, network response delay for UL-based measurement may impact the power consumption evaluation.
Power model 
Another factor is to consider the agreements made in RAN1#86 meeting as described in section 1. If we look at one example of power model provided in Table 3 in Annex, it is clear that whether UE is transmitting or receiving or lightly sleeping or deeply sleeping. However, there are states where UE is neither transmitting or receiving or sleeping but reading PDCCH only or staying without reading PDCCH. For, example, when UE is performing DL reference signal measurement, it does not need to receive the reference signal every subframe. The reference signals or synchronization signals are transmitted in specific subframe with a periodicity. If the periodicity is small, UE cannot go to the sleep state but it can stop reading the PDCCH. 

Similarly, UE might not be measuring the RSRP from the neighbour cells in same frequency or different frequency all the time during the frequency measurement period. If we assume the power model where power consuming rates for receiving the signal and not receiving the signal are different, it would affect the power consumption evaluation. 
Power consumption rate during Intra-/inter frequency measurement versus network response and paging monitoring etc. could be different. The power consumption rate during modem ramp up and ramp down could also be different compared to the state of modem where it is reading PDCCH.

Table 2 UE power consumption model parameters based on Rel-12 email discussion [RAN 2 82#13] [3]
	Parameter
	Value
	Comments

	PRx
	1 unit/ms
	Relative power consumed for reception 

	PTx
	4 unit/ms
	Power consumed for transmission 

	PSleep
	0.01 unit/ms


	Power consumed during idle sleep mode (assumed during TSleep); depending on the PSleep value used. 

	TSI
	200 ms
	Time for System Information reading

	TCell-Detection
	100 ms
	Time for System Information reading

	TPrepare_PO
	15, 34, 300 ms
	Time for UE preparation before receiving paging occasion (PO). Considering 15ms and 34ms for cell synchronization and 300ms for TSI and TCell-Detection 

	TPO
	1 ms
	Time that UE is listening to the paging occasion


The Table 2 shows an example of relative power consumption rate for transmitting, receiving, sleeping. This model was proposed as the power model for power consumption evaluation in IDLE mode extended DRX. The table also shows the other parameters such as synchronization duration and duration for monitoring paging message. These parameters could also be different for new system design of DL-based and UL-based measurement. Table 3 shows that receiving PSS/SSS could be more power consuming than receiving PDCCH.

Table 3 Example of UE power consumption model parameters based on TR 45 820 Table 7.1.7.4-1
	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	Integrated PA
	500
	+23 dBm with 45% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	
	External PA
	460
	+23 dBm with 50% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization (PSS/SSS)
	70
	Accounts for more complex digital processing during synchronization.

	
	Normal
(non-PSS/SSS)
	60
	Includes digital mixing/decimation to single 15 kHz sub-channel, and subsequent demodulation of this sub-channel.

	Sleep
	 
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby
	 
	0.015
	Common assumption.


Table 2 shows an example how the different modem activities could be modelled for power consumption evaluation. For example, power consumption rate of the modem could be different when UE receives the whole data (Paging message/network response) or PDCCH only or nothing. 
Table 4 Example of power model for power consumption evaluation

	Data

TX only or TX/RX
	Signal TX only or TX/RX
	IDLE
RX signal (PDCCH)
	IDLE RX

signal and data
	IDLE sleep
	Deep sleep

(eDRX/PSM)
	UE ramp up/down

	x1 unit
	x2 unit
	X2 unit
	X3 unit
	X4 unit
	X5 unit
	X6 unit


Observation 6 Power modelling for different activities of the UE could be studied which could impact the design of UL-based and DL-based measurement for mobility.

Proposal 1. To take into account the different aspect described in the documents for power consumption evaluation of UL-base and DL-based measurement and in the design of UE power reduction technique.

3 Summary 
Observation 1 Power consumption analysis of UL-based and DL-based measurement depends on factors such as frequency measurement duration, DL reference signal measurement duration, UL RS transmission duration and NW response delay of UL RS transmission.
Observation 2 Based on system design and UE mobility, intra and inter frequency measurement duration can be different which need to be taken into account for power consumption evaluation.
Observation 3 In UL-based measurement, UE might need to perform neighboring cell measurement. The duration of such measurement needs to be taken into account for power consumption evaluation.
Observation 4 Based on the design, the transmit power and transmission time of the reference signal could be different which need to be taken into account for the power consumption valuation.
Observation 5 Based on the power model considered, network response delay for UL-based measurement may impact the power consumption evaluation.
Observation 6 Power modelling for different activities of the UE could be studied which could impact the design of UL-based and DL-based measurement for mobility.
Proposal 1.
To take into account the different aspect described in the documents for power consumption evaluation of UL-base and DL-based measurement and in the design of UE power reduction technique.
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5 Annex

Table 5 Simulation parameter
	
	value
unit

	Run time
	1
	Hour

	DRX cycle
	0.32, 0.64, 1.28, 2.56
	Sec

	Frequency measurement duration
	15
	ms

	Frequency measurement periodicity depending on DRX
	1.28,1.28,1.28,2.56
	sec

	Sync duration
	8
	ms

	Ramp up
	10
	ms

	Ramp down
	5
	ms

	NW response delay
	3
	ms

	UL RS transmit time
	1
	ms

	DL RS measurement duration
	5
	ms

	Power model (Tx, Rx, sleep) (TR 45.820)
	545, 90, 3
	mW


Ramp up
Ramp down
IDLE sleep
IDLE sleep
IDLE sleep
IDLE sleep
Sync
PO
UL RS
transmission
NW response time (w)
DL based
UL based
Neighbouring cell measurement
NW response (paging indicator)
Intra/inter-
frequency  measurement



