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Abstract of the contribution: Evaluation of solution 33
Background
In solution 33 a delayed paging response is proposed in order to save power. In this document, the power savings of this solution is evaluated and discussed.
The idea with solution 33 is that the CIoT device, when the channel conditions are bad and the UE is paged, can delay the paging response until the channel condition has improved. In this paper, the improvement of the power consumption is studied under different scenarios.
Power Consumption

The power consumption of a UE has been discussed before. The model below was used by the 3GPP RAN2 group when discussing the power consumption during the development of the MTC standard in 2013.

Table 1: The model used for power consumption in idle mode used in RAN2.

	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both [image: image2.wmf]prepare
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	1-4 unit/ms
	Power consumed for TX, which is transmit power relevant.
The value is 1 unit/ms when transmit power is 0dBm and below, and is 4 unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between 1mW and 10^2.3mW.
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	0.01 unit/ms
	Power consumed during sleep mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.
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	34 ms
	Time for UE preparation, which consists of the warm-up time, cell search and synchronization time. Here, the minimum requirement for UE SCell activation for Rel-10 CA is referred (assuming the SCell can be successfully detected on the first attempt).
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	1 or 2 ms

	Time that UE is on duty. For idle mode, the value is 1ms (one paging occasion). For connected mode, it is assumed that the value is configured as 2ms (onDurationTimer).
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.


The above model is used to evaluate the relative (not the absolute) power consumption between different parts of the UE and the overall power consumption for three scenarios below.
Scenarios

In this contribution three different scenarios are evaluated to discuss the gains with a delayed paging response. In these scenarios the UE is paged, then depending on the scenario a RRC connection is established and the DL data is received or the UL data is transmitted. The power consumption is estimated under three radio channel conditions for each scenario. Then possible gain by delaying the communication is evaluated. NOTE that same trends would be seen if NB-IoT models where used, but with different numbers on e.g. max bit rate and TBS.
The first scenario is software download, used when software in the device needs to be updated. A typical size of a download is in the order of 256 kB. The max data rate in DL of the eMTC device with category M1 is 1000 bits/subframe or 1Mbps in good radio conditions. 

The second scenario is when the UE is receiving small data (100Byte). In this case the preparation and setup of the RRC connection is not negligible as it was when downloading a bigger file. 
The third scenario is unscheduled sensor data upload of 500kB data triggered by the application server. The upload data could e.g. more detailed sensor data aggregated over time and/or sensor data from sensors that are not typically sent in a normal UL report.
When downloading data, the load of the uplink due to the ARQ responses is in the order of 10% of the downlink load (typical RAN4 simulation assumption). In Table 2 a model of the energy used in the different phases of a connection is given as the Time of the activity times the power consumption during the activity. The model is based on the idle mode model in Table 1, here the paging consists of preparation and receiving the paging, RRC connection setup includes the Random Access procedure and RRC messages 1-4 and connection mode is the time when the data is received or transmitted. 

In this example, it is assumed that the signalling phase of RRC Connection setup is 60ms when the receiver is on and the device in transmitting during 5 of these 60 ms. 
Table 2: Relative power levels of Rx and Tx in different activities.
	
	Paging
	RRC Connection setup
	Connected mode, Download
	Connected mode, Upload

	Rx
	(Tprepare +Ton-duty ms)* PRx 
	60 ms * PRx
	TRx*PRx
	0.1*TTx*PRx

	Tx
	0
	5 ms *PTx
	0.1*TRx*PTx
	TTx*PTx


Scenario 1: Download
In this scenario, a paging message is received by the device to download SW update of 256 kB. 

The maximum transport block size (TBS) sent in one subframe of 1ms of a type M1 device is, as specified in 36.306, 1000 bits. Thus, the minimum time to download the SW update is 2s.
Depending on the quality of the channel the data rate will decrease given the same allocation. Then the time to download the data depends on the coverage of the cell. Based on that three different, very simplified, examples are given.
1) Good Coverage: here the data rate is max throughput and the receive time TRx=2s. The uplink transmissions are assumed to be at Max Tx Power to send as big block sizes as possible.
2) Limited Coverage: here the downlink is power limited and more robust channel coding is needed to compensate for the worse radio channel. In this example, the throughput decreases to 50% of the max throughput, 500 bits/ms due to smaller TBS. Then the receive time increases to TRx=4s and transmit time TTx is still 10% of TRx.
3) Poor coverage: here the transport block size (TBS) is further decreased and the signal may be repeated. In this example, the data rate decreases to 10% of the max throughput. The receive time has now increased to TRx=20s
NOTE: 10% throughput might look really bad, but just be reducing the TBS to lowest value of 152bits you would get 15%. In CE Mode A the number of repetitions are 2, 4, 8, 16 or 32 time. With 4 time repetitions and TBS=152bit you would get 4% throughput.
The power consumption of these examples becomes 

Table 3: Power consumption when downloading for different coverage. 

	Channel Condition
	Energy in receiver
(From Table 1) 
	Energy used by transmitter
(From Table 1)
	Total energy (units)

	1) Good coverage
	(0.036+0.060+2)*1=2.096
	(0.005+0.1*2)*4=0.82
	2.916

	2) Limited coverage
	(0.036+0.060+4)*1=4.096
	(0.005+0.1*4)*4=1.62
	5.716

	3) Poor coverage
	(0.036+0.060+20)*1=20.096
	(0.005+0.1*20)*4=8.02
	28.116


The power consumption trend can also be plotted in a graph
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Figure 1: Power consumption in scenario 1 vs. relative data rate

Observation 1: In the scenario, the power consumption for preparation phase (0.036units) is negligible. 
Observation 2: When in relatively poor condition the power consumption is high. If it is possible to wait until the conditions have improved, there is an option to save quite much energy. 
Observation 3: If the UE estimates that the conditions might become better within a short period of time there is quite much energy to save. Furthermore the additional power spent on measurements, to evaluate that the conditions are improving before the UE decides to transmit, is still negligible from an overall power consumption point of view (2%, 1% and 0,2%).
Conclusion 1: The use of delayed page response for SW updates would be significantly beneficial for the UE if the radio conditions improve. Even if the radio conditions does not improve then the added power consumption for evaluating the channel will be negligible.

Scenario 2: Small Data

In case of small data (100 Bytes) in downlink, assume the time to download is 10 ms, then for poor conditions the time increases but also with 10% of the max data rate the time to download becomes 100 ms. 
The power consumption of these small data examples becomes 

Table 4 Power consumption when small data is downloaded for different coverage

	Channel Condition
	Energy in receiver
	Energy used by transmitter
	Total energy (units)

	1) Good
	(0.036+0.060+0.01)*1=0.106
	(0.005+0.1*0.01)*4=0.024
	0.13

	2) Limited
	(0.036+0.060+0.02)*1=0.116
	(0.005+0.1*0.02)*4=0.028
	0.144

	3) Poor 
	(0.036+0.060+0.1)*1=0.196
	(0.005+0.1*0.1)*4=0.06
	0.256


Observation 4: In this case the preparation parts becomes more dominant (28%, 25% and 14%. 
Observation 5: The power consumption in good coverage (0.13 units) is around half of the power consumption in poor coverage (0.256 units). Although the synchronization part has already been done prior to read the paging, which consumes a not that small part of the overall power (0.036 units), it still does make sense:

· to use delayed paging with frequent small data. Although the overall power for the data exchange is not big, the high frequency of the data exchange will result in considerable power saving and allow for longer battery life.
· to use delayed paging with some infrequent small data applications like a tracking devices for which battery charging or replacement is not possible. 
Conclusion 2: The use of delayed paging can be beneficial also for small MT data
Scenario 3: Upload

In this scenario, a paging is received by the device to trigger an upload of sensor data 500 kB. This can e.g. be on animal tracking solution where the device can be paged to send up specific and more detailed sensor data that is not typically uploaded in the normal reporting. The normal upload might only consist of a simple status report e.g. animal is well (vital sensors compared with thresholds), and has normal movement based on the accelerometer. The triggered sensor upload, would allow the scientist to check the animal’s vital sensors (e.g. pulse, body temperature, oxygen in the blood etc..) sampled in the background and locally stored.

The maximum transport block size (TBS) sent in one subframe of 1ms of a type M1 device is, as specified in 36.306, 1000 or 2984 bits depending on capability, let´s assume 1000 bits for a small unit, same as download. Thus, the minimum time to upload the data is 4s.

Depending on the quality of the channel the data rate will decrease given the same allocation. Then the time to upload the data depends on the UL coverage of the UE. Based on that three different, very simplified, examples are given.

1) Good Coverage: here the data rate is max throughput and the transmit time TTx=4s. The uplink transmissions are assumed to be at Max Tx Power to send as big block sizes as possible, that is 1000 bits.

2) Limited Coverage: here the uplink is power limited and more robust channel coding is needed to compensate for the worse radio channel. In this example, the throughput decreases to 50% of the max throughput, 500 bits/ms due to worse propagation conditions and therefore smaller blocks. Then the transmit time increases to TTx=8s.

3) Poor Coverage: here the transport block size (TBS) is further decreased and the signal may be repeated. In this example, the data rate decreases to 10% of the max throughput. The transmit time has now increased to TTx=40s

The power consumption of these examples becomes 

Table 3: Power consumption when downloading for different coverage. 

	Channel Condition
	Energy in receiver
(From Table 1) 
	Energy used by transmitter
(From Table 1)
	Total energy (units)

	4) Good coverage
	(0.036+0.060+0.1*4)*1=0.5
	(0.005+4)*4=16
	16.5

	5) Limited coverage
	(0.036+0.060+0.1*8)*1=0.9
	(0.005+8)*4=32
	32.9

	6) Poor coverage
	(0.036+0.060+0.1*40)*1=4.1
	(0.005+40)*4=160
	164.1


Observation 6: In the scenario, the power consumption for preparation phase is negligible. 
Observation 7: When in relatively poor condition the power consumption is high. If it is possible to wait until the conditions have improved, there is an option to save quite much energy.

Observation 8: If the UE estimates that the conditions might become better within a short period of time there is quite much energy to save. Furthermore the additional power spent on measurement, to evaluate whether the conditions are improving before the UE decides to transmit, is still negligible from an overall power consumption point of view.

Conclusion 3: The use of delayed page response for data uploads would be significantly beneficial for the UE if the radio conditions improve. Even if the radio conditions do not improve then the added power consumption for evaluating the channel will be negligible.
Conclusion

For larger data downloads e.g. FW updates the power save gain in the UE can become significant if the UE can delay the page response until the radio channel improves. Even relatively small improvements would provide a better overall power consumption. In this use case, the extra power consumption while monitoring the channel is marginal to the overall power consumption for transferring the “large” file to the UE. 
The power reduction in the UE for small MT data is smaller due to the extra power consumption when monitoring whether the radio channel improves. However, there is still a small gain and if this happens often, like with the frequent small data, then the small gain would multiply into a bigger gain.
Also in a third use case “triggered detailed sensor upload”, the gain of delaying the upload until the UE is in better coverage can provide significantly lower power consumption for the UE.
Obviously, there is no guarantee that the radio channel will improve during the window, there is even a risk that the channel could deteriorate. The UE must be able to evaluate the opportunity/risk and determine when to perform the page response. It is assumed that the UE will implement logic to determine when to perform the page response e.g. based on radio channel trends and IMU inputs.
Proposal

Add the above conclusion text to the evaluation clause in solution 33.
* * * Start of first change * * * 

6.33
Solution 33: Delayed Paging Response

6.33.1
Introduction

This solution propose a solution for Key Issue 5 – UE Tx Power Saving Functions.

UE transmitting power is sensitive to the link quality, for example, the UE's transmitting power needed is about 100 times higher when RSRP is -100dBm compared to when RSRP is 80dBm. In the current mechanisms, when a page arrives, the UE will attempt to transmit the page response in any coverage condition, e.g. in good, in weak coverage, or even in enhanced coverage. When in weak coverage, UE might transmit with maximum TX power, and maybe try many times; when in enhanced coverage, UE will repeat the TX signal tens or hundred times, all of which consume significant amount of UE battery power.

Some IoT devices or applications are delay tolerant i.e. the data exchange is not urgent, (e.g. IoT device software update, advertisement push, notification message etc). This solution intends to avoid the UE responds the paging in a very bad coverage, which would consumes much more UE battery power.

This solution targeting moving mobile terminals and may not be applied to stationary mobiles for which coverage is unchanged most of the time.
6.33.2
Functional Description

This clause describes a solution for delayed response to the paging by the UE when paged for delay tolerant services. A UE capable of delayed paging response indicates its capability for delayed paging during registration and the UE is allocated a delayed paging response window. The AMF can obtain the delayed paging response window from the specific AF which UE subscribes. When such a UE is paged with indication for delayed paging and the radio coverage conditions are poor, the UE may decide to delay the transmission of the response to the paging until radio conditions improve, while still within the delayed paging response window.
Some assumptions and requirements are made:

1)
The AF may subscribe for delayed paging service so that it is notified when the UE responds to the paging.

2)
The AMF can determine the delayed paging response window from the subscription data.

3)
The AMF can obtain the delay tolerant information via the Namf_Communication_N1N2MessageTransfer service operation related to the incoming downlink data.

4)
The AF or the UPF can buffer the downlink data so it is available at least during the delayed paging response window.

5)
The mechanism to establish the PDU Session and data transmission depends on the solution defined in other key issues.

6)
The UE monitors all paging occasions (POs) including POs within the delayed paging response window. In case the UE uses the eDRX feature the UE monitors only the PO's scheduled within the PTW that was received during eDRX negotiation.
6.33.3
Support of EPC interworking

Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.33.4
Procedures
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Figure 6.33.4-1: Paging for delay tolerant UEs and applications
1.
An AF may subscribe with the SMF/UPF/AMF for delayed paging response, e.g. to be notified when the UE responds to delayed paging. The AF may also provision the delayed tolerant service level information via the NEF, this information is used by the AMF to determine the delayed paging response window.

2.
UE initiates Registration Request, indicating to the AMF that UE is delayed paging capable.

3. The AMF obtains UE subscription information to verify the UE attributes and the subscribed service characteristic information. The AMF may obtain a delayed paging response service information from the subscription information.

4.
The AMF accepts the registration request from the UE and returns delayed paging response window. The AMF shall take into account the subscription information when determining the delayed paging response window.

5.
When an AF wants to exchange delay tolerant data with a UE, the AF invokes downlink Nnef_DataTransfer (external UE Id, delayed_paging_ind). The delayed_paging_ind parameter is present when the AF request is for delayed paging.
6.
The NEF derives the UE identity from UE's External identifier and triggers Namf_Communication_N1N2_message_transfer service operation.
7-8. When AMF receives the Namf_Communication_N1N2MessageTransfer with delayed paging indication, the AMF sends paging message to the UE with delayed paging indicator. The AMF pages the UE in registration area granularity in order to avoid the case where the UE has moved out of the paging area, e.g. the last known cell or tracking area.
Editor's note:
It is FFS whether the AMF can page the UE within the narrower area.
9-10. After receiving the paging message with delayed paging indication, the UE may delay the response to the paging if current radio conditions are not good (based on UE implementation or radio signal quality thresholds configured in the UE via OMA DM, for example) until better radio conditions within the delayed paging response window. If signal quality thresholds are used for the UE to decide when the radio condition are good or not good, the operator may configure the UE with lower signal quality thresholds so that the UE employs the paging delay behaviour only when the current radio coverage is really bad or the worst coverage (e.g. the UE is close to cell borders or coverage hole). This way the UE's chances to get better radio coverage conditions before the delayed paging response window expires are much higher.

NOTE 1:
If a UE, based on implementation, is determined to be temporary stationary, then the UE may decide not to delay the page response even if the radio conditions are not good.

Editor's note:
It is FFS how the UE chooses the better coverage.

11.
The expected Paging Response/Service Request from the UE is received within the delayed paging response window. If the paging response is not received after the delayed paging response window timer expires, AMF will fall back to normal paging and will re-page the UE with normal paging.

12.
The AMF notifies the AF about the UE response to the delayed paging.

NOTE 2:
If the UE receives a normal paging message during the delayed paging response window, the UE shall respond to this paging message. All pending DL data can then be delivered including the DL data that triggered the delayed paging message.

6.33.5
Impacts on existing entities and interfaces

NEF:

-
New API allowing the AF to provision the network via the NEF with delayed tolerant service requirements

AMF:

-
AMF to support the new function of delayed tolerant paging response window e.g. acquire new subscription info, determine the window size, and provision the delayed paging response window to the UE during Registration procedure.

RAN:

-
The Uu Paging message need to include one new bit, the "delayed paging indicator", so the UE can differentiate whether the page is for delay tolerant DL data or not.

UE:

-
UE to support delayed paging capability indication within the Registration Request message and the new behaviour associated with this feature.
6.33.6
Evaluation


For larger data downloads e.g. FW updates the power save gain in the UE can become significant if the UE can delay the page response until the radio channel improves. Even relatively small improvements would provide a better overall power consumption. In this use case, the extra power consumption while monitoring the channel is marginal to the overall power consumption for transferring the “large” file to the UE. 

The power reduction in the UE for small MT data is smaller due to the extra power consumption when monitoring whether the radio channel improves. However, there is still a small gain and if this happens often, like with the frequent small data, then the small gain would multiply into a bigger gain.

Also in the use case “triggered detailed sensor upload”, the gain of delaying the upload until the UE is in better coverage can provide significantly lower power consumption for the UE.
Obviously, there is no guarantee that the radio channel will improve during the window, there is even a risk that in some cases the channel could deteriorate. To offset such cases the UE could evaluate the opportunity/risk and determine when to perform the page response. For example, this kind of logic in the UE could be implemented based on radio channel trends and IMU inputs.
* * * End of change * * * 
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