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Discussion and decision
1 Introduction
In the RAN2 # 95bis meeting [1], it was agreed that UL-based mobility can be studied for mobility in RRC connected inactive state. 
Agreement

1: Concerning RRC driven UL-based connected mode mobility:

•
For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.

•
For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied

•
Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.

In this document, we discuss the power consumptions aspects in the UL-based and DL-based mobility for UEs in RRC connected inactive state.
2 Discussion
UL-based vs DL-based operation
We consider that UEs are in RRC inactive state where gNB maintains the NG connection with the NG Core (i.e. the UE transition to that state is hidden to MME). Moreover the UE in RRC inactive is configured with a RAN notification area within which it can move without having to inform the network. 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 neighbor 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 measurements for cell reselection are applied. In addition, if it moves out of the RAN notification area, it has to inform the new serving cell to perform RAN-level 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 (Sync-NW) 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 neighbor cell before being ready to monitor the paging. In UL-based measurement, UE synchronizes with cell/Sync-NW and performs DL RS measurement before transmitting the UL RS signal. It is not yet clear if both intra-and inter-frequency neighbor cell measurements may be required. 
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Figure 1 UE behavior every DRX cycle for UL-based and DL-based measurement
There are diverse factors to take into consideration for 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 neighboring 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 were needed, 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 neighbor 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 neighboring cell measurements to know that the current cell allows 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 diverse factors, such as, the frequency and duration to do measurements, the DL reference signal measurements duration, the UL RS transmission duration and the NW response delay to respond after sending the 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.
Moreover, when UE moves to different cell frequently, it has to read the system information in each new cell that reselects (at least based on LTE behaviour).
Observation 2 Based on system design and UE mobility, intra and inter frequency measurements duration can be different which need to be taken into account for power consumption evaluation.
2. DL RS measurement duration for UL-based
In the UL-based measurement, UE might be moving one cell to another cell. If the UL-based mobility is applied in multi-frequency carriers scenario, the UE may also need to perform inter-frequency measurement but it is not yet clear if the UL-based mobility can be applicable for inter-frequency scenario. Nevertheless, the UE would still need to perform serving and/or neighbor cell measurements at least serving frequency so that it is within a cell or region with the valid uplink 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 corresponding area (a cell or a group of cells). 
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.
If two step random access is used for the UL RS transmission, there is probability of collisions and which would require retransmissions resulting in more power consumptions.

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 evaluation.

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.
Comparison UL-based vs DL-based
We consider a simple scenario where a UE is moving at high speed across different cell. We assume no inter-frequency measurement is required. UE behaviour in each DRX cycle is shown in the figure 1.
DL-based measurement: We assume UE measures RSRP and RSRQ every Tmeasure,EUTRAN_Intra for intra-frequency cells and every DRX for the serving cell. The values of Tmeasure,EUTRAN_Intra are provided in Annex. When UE enters the coverage of another cell, it performs cell re-selection procedure. 
UL-based measurement: A synchronized network denoted as Sync-NW consists of one or more synchronized cells. As long as UE is moving within the area, it needs to measure the serving cell to determine if it is within the Sync-NW and is able to transmit the UL signal every DRX cycle. For fair comparison with DL-based, we assume that UE measures the neighboring cell every Tmeasure,EUTRAN_Intra. In the boundary of Sync-NW area, UE would need to perform a new cell/Sync-NW reselection process.
Table 1 Power consumption comparison between UL-based vs DL-based measurements with UE speed 500Km/h [simulation parameters are provided in Table2 in Annex]
	DRX cycle (s)
	DL-based

(J)
	UL-based- case 1
(J)
	% gain in 
UL-based

case 1
	UL-based- case 2
(J)
	% gain in 
UL-based

case 2

	0.32
	1063.29
	1246.7
	-17.24%
	1158.61
	-8.96%

	0.64
	722.69
	797.68
	-10.37%
	709.60
	1.81%

	1.28
	552.39
	573.18
	-3.76%
	485.09
	12.18%

	2.56
	423.195
	416.88
	1.49%
	372.84
	11.89%


Note: 

· Case 1: With Neighbor cell measurement duration in UL-based (= 15ms)
· Case 2: With Neighbor cell measurement duration in UL-based (= 0ms) 
Since it is not clear if some level of DL measurement is required for UL-based measurement, we consider both cases where neighbor cell is required and not required. It is observed from the results in Table 1 that there is little gain (in power saving) of 1.49% in UL-based measurement over DL-based measurement when neighbor cell measurement and DRX cycle of 2.56s are considered. But there is gain of 17.24% in DL-based measurement over the UL-based measurement if short DRX cycle of 0.32s is considered. When we consider neighbor cell measurement is not required, UL-based measurement shows higher gain with longer DRX cycles but no gain with small DRX cycle. UL-based measurement is most likely performed with shorter DRX cycle, power saving gain is not observed.
Observation 6 The performance comparison between UL-based and DL-based mobility depends on the requirement of DL frequency measurement duration.

Observation 7 The gain of UL-based mobility is observed only when the required time of neighboring cell measurement is very small. 

Proposal 1. RAN2 take into account observations made in the power consumption analysis
Proposal 2. RAN2 study whether neighbouring cell measurement is needed for UL-based mobility. If needed, RAN2 study whether it is similar to DL based mobility or it can be simplified. 
3 Summary 
Observation 1 Power consumption analysis of UL-based and DL-based measurement depends on diverse factors, such as, the frequency and duration to do measurements, the DL reference signal measurements duration, the UL RS transmission duration and the NW response delay to respond after sending the UL RS transmission.
Observation 2 Based on system design and UE mobility, intra and inter frequency measurements 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 evaluation.
Observation 5 Based on the power model considered, network response delay for UL-based measurement may impact the power consumption evaluation.
Observation 6 The performance comparison between UL-based and DL-based mobility depends on the requirement of DL frequency measurement duration.
Observation 7 The gain of UL-based mobility is observed only when the required time of neighboring cell measurement is very small.

Based on the observations, following is proposed.
Proposal 1.
RAN2 take into account observations made in the power consumption analysis
Proposal 2.
RAN2 study whether neighbouring cell measurement is needed for UL-based mobility. If needed, RAN2 study whether it is similar to DL based mobility or it can be simplified.
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5 Annex

Table 2 Simulation parameters
	
	value
unit

	Run time
	24
	Hour

	DRX cycle
	0.32, 0.64, 1.28, 2.56
	Sec

	Sync duration (both for UL-based & DL-based)
	8
	ms

	Ramp up
	10
	ms

	Ramp down
	5
	ms

	speed
	500
	Km/h

	Cell radius (RC)
	3
	Km

	Power model 1 (GERAN TR 45.820 Tx, Rx, sleep)
	545, 90, 3
	mW

	DL-based parameters

	Serving cell intra-frequency measurement duration
	5
	ms

	Neighbor cell intra-Frequency measurement duration
	15
	ms

	Cell reselection
	200
	ms

	UL-based parameters

	NW response delay
	3
	ms

	UL RS transmit time
	1
	ms

	Serving cell measurement duration
	5
	ms

	Neighbor cell measurement duration
	0, 15
	ms

	Cell/Sync-NW reselection
	200
	ms

	No of cells / Sync-NW
	40
	


Table 3 Intra-frequency measurement rules [Table 4.2.2.3-1, TS 36.133]

	DRX cycle
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)

	0.32
	1.28 (4)

	0.64
	1.28 (2)

	1.28
	1.28 (1)

	2.56
	2.56 (1)
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