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[bookmark: _Ref494733618]Introduction
[bookmark: _Ref421460494]At RAN#75, it was agreed to start the Release 15 work items on Even further enhanced MTC for LTE and Further NB-IoT enhancements. One of the common objectives for both eMTC and NB-IoT in REL-15 is “Support early data transmission” [1] and [2].
· Support early data transmission [RAN2 lead, RAN1, RAN3]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.
During RAN2#99bis, significant progress on the WI of early data transmission has been made. Among others, below are agreements related to the definition of Msg3 and Msg4 as well as signaling flows:
	Agreements:
· Send an LS to RAN1 with the agreements we have from this meeting and indicate that we assume that the legacy TBS table for PUSCH transmission is used for EDT.
· Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.
· The intention to use EDT is for data, i.e. not for NAS signalling.
· RAN2 assumes that S-TMSI for CP, and resumeID and shortResumeMAC-I for UP solutions are sufficient to identify UE at the MME and eNB respectively. We will provide this assumption in an LS.to RAN3, SA2, SA3, CT1.
· For CP solution, NAS PDU for data is encapsulated in the RRC message sent in Msg3 and transmitted as CCCH SDU.
· For UP solution SRB0 is used to transmit the RRC message in Msg3.
· For UP solution, CCCH (RRC message) and DTCH (UP data) are multiplexed in MAC in Msg3.
· For CP solution, NAS PDU data in the DL can be optionally encapsulated in the RRC message sent in Msg4 and transmitted as CCCH SDU.
· For UP solution, DL data can be optionally multiplexed in MAC, i.e. DCCH (RRC message(s)) and DTCH (UP data) in Msg4.


Detailed discussions about our view on UP and CP EDT solutions are provided in [5] and [6], respectively. This contribution presents evaluation results in terms of battery life and latency based on an analytical framework for both UP and CP solutions. The evaluation is performed based on recent agreements and some assumptions regarding content of Msg3/4 and signaling flows using an analytical framework, as partially presented in [3] and [4]. Results for CP and UP solutions are obtained and compared with the baseline Rel-13 RRC Suspend/Resume solution, for commonly referred traffic models including the use case presented in [7]. The evaluation is conducted for NB-IoT, however observations and insights gained from results are expected to be applicable to eMTC as well.
Evaluation details
Evaluation scenarios comprise details about signaling flow and content of Msg3 and Msg4 for both UP and CP solution as well as the traffic models under consideration.
UP solution
[bookmark: _Ref490047566][bookmark: _Ref490047558]We discuss in detail the remaining issues for UP solution including content of Msg3 and Msg4 in [5]. Figure 1 shows the considered signaling flow. We assume the RRCConnectionResumeRequest on CCCH logical channel is used in Msg3. For Msg4, the RRCConnectionRelease on DCCH is used in case the UE is indicated to go back to idle mode, and the RRCConnectionResume on DCCH is used in case the connection setup continues, respectively. User data on DTCH logical channel is MAC multiplexed with signaling SDU in Msg3 and Msg4.
                        UE
eNB
1. Random Access Preamble
Resume trigger
2. Random Access Response
3. Msg3 = CCCH [RRCConnectionResumeRequest]          + DTCH [UL data]
4. Msg4 = DCCH [RRCConn.Release/RRCConn.Resume]         + DTCH [DL data]
 
5. Msg5 = DCCH [RRCConnectionResumeComplete] 
+ DTCH [UL data]
More UL and DL data
6. RRCConnectionRelease
 
UE goes back to idle if indicated in Msg4

[bookmark: _Ref494733835]Figure 1. Considered signaling flow in UP solution.
Figure 2 shows detailed content of the MAC PDU for Msg3 in UP solution. In addition to the MAC header, Msg3 includes a CCCH SDU containing the RRCConnectionResumeRequest and a DTCH SDU for ciphered UL data. The size (in bits) of each component in the PDU is also provided. Note that the CCCH SDU has RRC overhead such as message ID in respective message class (i.e., UL-CCCH-Message), transaction identifier and optionality bits, which are not shown in the figures. Whereas, the DTCH SDU has layer 2 overhead, i.e., RLC and PDCP headers and AS security information. The total size of Msg3 is thus 16 bytes plus UL data.
[bookmark: _Toc498515936][bookmark: _Toc498515968][bookmark: _Toc498600977][bookmark: _Toc498601987][bookmark: _Toc498602014][bookmark: _Toc498602047][bookmark: _Toc498602076][bookmark: _Toc498602112][bookmark: _Toc498602127][bookmark: _Toc498602246][bookmark: _Toc498625957][bookmark: _Toc498626013][bookmark: _Toc498626122][bookmark: _Toc498626139][bookmark: _Toc498638708][bookmark: _Toc498644645]For UP solution, total size of Msg3 PDU is 16 bytes plus UL data.
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[bookmark: _Ref498436113]Figure 2: Content of Msg3 in UP solution
Figure 3 shows detailed content of the MAC PDU for Msg4 in case the UE is indicated to go back to idle mode when receiving Msg4. Note that Msg4 includes also the Contention Resolution MAC control element. In addition, we assume that NCC is provided in Msg4 in case the UE is indicated to return Idle mode. With a similar analysis on the message size, the total size of Msg4 in UP solution is 31 bytes and DL data.
[bookmark: _Toc498515937][bookmark: _Toc498515969][bookmark: _Toc498600978][bookmark: _Toc498601988][bookmark: _Toc498602015][bookmark: _Toc498602048][bookmark: _Toc498602077][bookmark: _Toc498602113][bookmark: _Toc498602128][bookmark: _Toc498602247][bookmark: _Toc498625958][bookmark: _Toc498626014][bookmark: _Toc498626123][bookmark: _Toc498626140][bookmark: _Toc498638709][bookmark: _Toc498644646]For UP solution, total size of Msg4 PDU is 31 bytes plus DL data.
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[bookmark: _Ref498436791]Figure 3: Content of Msg4 in UP solution in case UE goes back to idle mode
As seen in Figure 2 and Figure 3, the overhead incurred in UP EDT solution mainly comes from the RLC and PDCP headers and AS security information.
[bookmark: _Toc498445979][bookmark: _Toc498447097][bookmark: _Toc498449722][bookmark: _Toc498450143][bookmark: _Toc498450829][bookmark: _Toc498506848][bookmark: _Toc498515938][bookmark: _Toc498515970][bookmark: _Toc498600979][bookmark: _Toc498601989][bookmark: _Toc498602016][bookmark: _Toc498602049][bookmark: _Toc498602078][bookmark: _Toc498602114][bookmark: _Toc498602129][bookmark: _Toc498602248][bookmark: _Toc498625959][bookmark: _Toc498626015][bookmark: _Toc498626124][bookmark: _Toc498626141][bookmark: _Toc498638710][bookmark: _Toc498644647]For UP solution, overhead is mainly due to headers at RLC and PDCP sub-layers and AS security information.
CP solution
As detailed in [6], in our considered signaling and content of Msg3/4 for evaluation of CP solution, we assume the following:
· NAS messages are existing CONTROL PLANE SERVICE REQUEST for containing UL data and ESM DATA TRANSPORT for containing DL data at the NAS layer.
· The RRCConnectionRequest for carrying UL NAS-PDU in Msg3
· A newly defined RRC message and RRCConnectionSetup with extensions for carrying DL NAS-PDU in Msg4 in case UE goes to RRC_IDLE mode and RRC_CONNECTED mode after Msg4, respectively. 
· If there is no indication to go back to idle mode in Msg4, UE continues with connection setup and Msg5 is needed as a confirmation for connection complete.
Figure 4, Figure 5, and Figure 6 show the considered signaling flow, content of Msg3, and content of Msg4 in case UE returns to idle mode, respectively. Details regarding the structure and sizes of NAS messages are provided by referring to TS24.301, sections 8.2 and 8.3. For estimating the overhead, we assume the new RRC message in Msg4 (in case UE goes back to idle) has a releaseCause IE and a dedicatedInfoNAS IE [6].
                         UE
eNB
1. Random Access Preamble
NAS-PDU arrives at RRC
2. Random Access Response
3. Msg3 = RRCConnectionRequest (S-TMSI, estCause, NAS-PDU with EBI and RAI)
4. Msg4 = New message/RRCConnectionSetup (releaseCause/RadioRscConfigDedicated, NAS-PDU)
 
5. Msg5 = RRCConnectionSetupComplete (optional NAS-PDU)
More UL and DL data
6. RRCConnectionRelease
 
UE goes back to idle if indicated in Msg4

[bookmark: _Ref498342717]Figure 4. Considered signaling flow in CP solution.     Sub-header2
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[bookmark: _Ref497685422]Figure 5: Content of Msg3 in CP solution
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[bookmark: _Ref497686623]Figure 6: Content of Msg4 in CP solution in case of going back to Idle mode
Using a similar analysis on the message size as in the UP solution above, the total size of Msg3 PDU in CP solution is 21 bytes plus and UL data, which is 5 bytes more than that of UP solution. Whereas, the total size of Msg4 PDU in CP solution is 19 bytes plus and DL data, which is 12 bytes less than that of UP solution.
[bookmark: _Toc498515939][bookmark: _Toc498515971][bookmark: _Toc498600980][bookmark: _Toc498601990][bookmark: _Toc498602017][bookmark: _Toc498602050][bookmark: _Toc498602079][bookmark: _Toc498602115][bookmark: _Toc498602130][bookmark: _Toc498602249][bookmark: _Toc498625960][bookmark: _Toc498626016][bookmark: _Toc498626125][bookmark: _Toc498626142][bookmark: _Toc498638711][bookmark: _Toc498644648]For CP solution, total size of Msg3 PDU is 21 bytes plus UL data.
[bookmark: _Toc498515940][bookmark: _Toc498515972][bookmark: _Toc498600981][bookmark: _Toc498601991][bookmark: _Toc498602018][bookmark: _Toc498602051][bookmark: _Toc498602080][bookmark: _Toc498602116][bookmark: _Toc498602131][bookmark: _Toc498602250][bookmark: _Toc498625961][bookmark: _Toc498626017][bookmark: _Toc498626126][bookmark: _Toc498626143][bookmark: _Toc498638712][bookmark: _Toc498644649]For CP solution, total size of Msg4 PDU is 12 bytes plus UL data.
As seen in Figure 5, and Figure 6, the overhead incurred in CP EDT solution mainly comes from the control information at NAS layer and NAS security information.
[bookmark: _Toc498445980][bookmark: _Toc498447098][bookmark: _Toc498449723][bookmark: _Toc498450144][bookmark: _Toc498450830][bookmark: _Toc498506849][bookmark: _Toc498515941][bookmark: _Toc498515973][bookmark: _Toc498600982][bookmark: _Toc498601992][bookmark: _Toc498602019][bookmark: _Toc498602052][bookmark: _Toc498602081][bookmark: _Toc498602117][bookmark: _Toc498602132][bookmark: _Toc498602251][bookmark: _Toc498625962][bookmark: _Toc498626018][bookmark: _Toc498626127][bookmark: _Toc498626144][bookmark: _Toc498638713][bookmark: _Toc498644650]For CP solution, overhead is mainly due to headers at NAS layer and NAS security information.
From the considered evaluation scenarios, it is possible to have some observations
[bookmark: _Toc498353871][bookmark: _Toc498440213][bookmark: _Toc498440905][bookmark: _Toc498441624][bookmark: _Toc498443787][bookmark: _Toc498445981][bookmark: _Toc498447099][bookmark: _Toc498449724][bookmark: _Toc498450145][bookmark: _Toc498450831][bookmark: _Toc498506850][bookmark: _Toc498515942][bookmark: _Toc498515974][bookmark: _Toc498600983][bookmark: _Toc498601993][bookmark: _Toc498602020][bookmark: _Toc498602053][bookmark: _Toc498602082][bookmark: _Toc498602118][bookmark: _Toc498602133][bookmark: _Toc498602252][bookmark: _Toc498625963][bookmark: _Toc498626019][bookmark: _Toc498626128][bookmark: _Toc498626145][bookmark: _Toc498638714][bookmark: _Toc498644651]For UL EDT, header overhead of CP solution is more (5 bytes) than in UP solution.
[bookmark: _Toc498353872][bookmark: _Toc498440214][bookmark: _Toc498440906][bookmark: _Toc498441625][bookmark: _Toc498443788][bookmark: _Toc498445982][bookmark: _Toc498447100][bookmark: _Toc498449725][bookmark: _Toc498450146][bookmark: _Toc498450832][bookmark: _Toc498506851][bookmark: _Toc498515943][bookmark: _Toc498515975][bookmark: _Toc498600984][bookmark: _Toc498601994][bookmark: _Toc498602021][bookmark: _Toc498602054][bookmark: _Toc498602083][bookmark: _Toc498602119][bookmark: _Toc498602134][bookmark: _Toc498602253][bookmark: _Toc498625964][bookmark: _Toc498626020][bookmark: _Toc498626129][bookmark: _Toc498626146][bookmark: _Toc498638715][bookmark: _Toc498644652]For DL EDT, header overhead of CP solution is less (12 bytes) than in UP solution.
Traffic models
Based on the traffic models discussed in [9], [7] (also in the Appendix) and recently use cases of interest presented in [7], we consider following traffic models in the evaluation.
[bookmark: _Ref494730128][bookmark: _Ref498601058]Table 1: Traffic models considered in evaluation.
	
Traffic Scenario
	Message type
	UL report
	DL Application Acknowledgment

	Scenario 1 [7]
	Size
	100 bytes
	0 bytes

	
	Arrival rate
	Once every 12 h

	Scenario 2 [8]
	Size
	50 bytes
	65 bytes

	
	Arrival rate
	Once every 2 h

	Scenario 3 Rel-14 traffic [9]
	Size
	200 bytes
	20 bytes

	
	Arrival rate
	Once every 24 h


Other assumptions
We consider NB-IoT in the evaluation, however observations and insights gained from results are expected to be applicable to eMTC as well. PSM is adopted as the underlying power-saving mechanism. In all three traffic models, we assume at most a single UL/DL transmission is needed, i.e., the UE goes back to idle mode after Msg4. We also assume that Msg5 is not needed after Msg4 in both CP and UP solutions, i.e., the solid part in the signaling flows in Figure 1 and Figure 4. This is possible given the considered traffic models and recent agreement on maximum value of the TB for Msg3. In addition, 2s of PSM active timer is configured. More specifically, after receiving Msg4, the UE sends a HARQ feedback and waits for 2s and goes to idle mode. Further details about evaluation setup are provided in the Appendix of this contribution.
Evaluation Results
We present result comparison between Rel-13 RRC Suspend/Resume, UP EDT solution, and CP EDT solution. Results are collected and discussed for the traffic models in previous section. Table 2 shows the evaluation results for three coverage levels of 144 dB, 154 dB, and 164 dB MCL.
[bookmark: _Ref498446208]Table 2 Results: Rel-13 RRC Suspend/Resume vs. UP EDT vs. CP EDT
	Reporting interval 
	UL data (byte)
	DL data (byte)
	144 dB MCL
	154 dB MCL
	164 dB MCL

	
	
	
	Resume
	UP EDT
	CP EDT
	Resume
	UP EDT
	CP EDT
	Resume
	UP EDT
	CP EDT

	Traffic scenario 1 [7]

	12 hours
	100
	0
	Battery life [Years]

	
	
	
	36,4
	36,8
	36,8
	28,5
	29,7
	29,6
	9,2
	12,0
	11,8

	
	
	
	Latency [ms]

	
	
	
	288,0
	203,0
	204,0
	1059,0
	698,0
	711,0
	8760,0
	5278,0
	5381,0

	Traffic scenario 2 [8]

	2 hours
	50
	65
	Battery life [Years]

	
	
	
	29,7
	31,4
	31,2
	14,6
	17,1
	16,7
	2,6
	3,8
	3,7

	
	
	
	Latency [ms]

	
	
	
	275,0
	190,0
	192,0
	891,0
	530,0
	543,0
	7111,0
	4094,0
	4197,0

	Traffic scenario 3 [9]

	24 hours
	200
	20
	Battery life [Years]

	
	
	
	36,9
	37,1
	37,1
	29,7
	30,7
	30,6
	10,6
	13,2
	13,1

	
	
	
	Latency [ms]

	
	
	
	316,0
	229,0
	230,0
	1383,0
	994,0
	1007,0
	11609,0
	7646,0
	7749,0



[bookmark: _Toc498349661][bookmark: _Toc498353873][bookmark: _Toc498440215][bookmark: _Toc498440907][bookmark: _Toc498441626][bookmark: _Toc498443789][bookmark: _Toc498445983][bookmark: _Toc498447101][bookmark: _Toc498449726][bookmark: _Toc498450147][bookmark: _Toc498450833][bookmark: _Toc498506852][bookmark: _Toc498515944][bookmark: _Toc498515976][bookmark: _Toc498600985][bookmark: _Toc498601995][bookmark: _Toc498602022][bookmark: _Toc498602055][bookmark: _Toc498602084][bookmark: _Toc498602120][bookmark: _Toc498602135][bookmark: _Toc498602254][bookmark: _Toc498625965][bookmark: _Toc498626021][bookmark: _Toc498626130][bookmark: _Toc498626147][bookmark: _Toc498638716][bookmark: _Toc498644653]For the coverage level of 164dB MCL, both UP and CP solutions achieve more than 10 years of battery for the traffic model of 100 bytes UL data and transmission frequency of 12 hours.
From the Results in Table 1, following observations can be drawn. First, we note that for the coverage level of 164dB MCL, both UP and CP solutions can achieve more than 10 years of battery life for the traffic model of 100 bytes UL data and transmission frequency of 12 hours [7]. This is particularly good in the context of 5G requirement of 10 years battery life.
In addition, the UP and CP EDT solutions have comparable results both in terms of battery life and latency reductions, with a slightly higher gain for UP EDT w.r.t the CP one. This can be explained that the UP solution has less overhead than the CP solution in UL EDT, i.e., Msg3. Note that UL transmissions (transmitter) is known to consume much more power than DL transmissions (see also Appendix). 
[bookmark: _Toc498349464][bookmark: _Toc498349662][bookmark: _Toc498353874][bookmark: _Toc498440216][bookmark: _Toc498440908][bookmark: _Toc498441627][bookmark: _Toc498443790][bookmark: _Toc498445984][bookmark: _Toc498447102][bookmark: _Toc498449727][bookmark: _Toc498450148][bookmark: _Toc498450834][bookmark: _Toc498506853][bookmark: _Toc498515945][bookmark: _Toc498515977][bookmark: _Toc498600986][bookmark: _Toc498601996][bookmark: _Toc498602023][bookmark: _Toc498602056][bookmark: _Toc498602085][bookmark: _Toc498602121][bookmark: _Toc498602136][bookmark: _Toc498602255][bookmark: _Toc498625966][bookmark: _Toc498626022][bookmark: _Toc498626131][bookmark: _Toc498626148][bookmark: _Toc498638717][bookmark: _Toc498644654]UP EDT solution slightly outperforms CP EDT solution in terms of both battery life and latency.
It is seen that the gains of EDT over the existing Rel-13 RRC Suspend/Resume solution in terms of both latency reduction and battery life are significant. For example, battery life is improved from 9,2 years to around 12 years in the first traffic model, and from 10,6 years to over 13 years in the third traffic model. The same trend is observed in latency reduction.
[bookmark: _Toc494185097][bookmark: _Toc494383690][bookmark: _Toc494728488][bookmark: _Toc494729949][bookmark: _Toc494731745][bookmark: _Toc494731838][bookmark: _Toc494732264][bookmark: _Toc494733934][bookmark: _Toc494734022][bookmark: _Toc497816580][bookmark: _Toc497821249][bookmark: _Toc498342724][bookmark: _Toc498342913][bookmark: _Toc498349465][bookmark: _Toc498349663][bookmark: _Toc498353875][bookmark: _Toc498440217][bookmark: _Toc498440909][bookmark: _Toc498441628][bookmark: _Toc498443791][bookmark: _Toc498445985][bookmark: _Toc498447103][bookmark: _Toc498449728][bookmark: _Toc498450149][bookmark: _Toc498450835][bookmark: _Toc498506854][bookmark: _Toc498515946][bookmark: _Toc498515978][bookmark: _Toc498600987][bookmark: _Toc498601997][bookmark: _Toc498602024][bookmark: _Toc498602057][bookmark: _Toc498602086][bookmark: _Toc498602122][bookmark: _Toc498602137][bookmark: _Toc498602256][bookmark: _Toc498625967][bookmark: _Toc498626023][bookmark: _Toc498626132][bookmark: _Toc498626149][bookmark: _Toc498638718][bookmark: _Toc493860287][bookmark: _Toc493860480][bookmark: _Toc493863674][bookmark: _Toc493863705][bookmark: _Toc493939724][bookmark: _Toc493939983][bookmark: _Toc498644655]Both UP and CP EDT solutions show significant gains in latency reduction compared to the Rel-13 Suspend/Resume.
[bookmark: _Toc494729950][bookmark: _Toc494731746][bookmark: _Toc494731839][bookmark: _Toc494732265][bookmark: _Toc494733935][bookmark: _Toc494734023][bookmark: _Toc497816581][bookmark: _Toc497821250][bookmark: _Toc498342725][bookmark: _Toc498342914][bookmark: _Toc498349466][bookmark: _Toc498349664][bookmark: _Toc498353876][bookmark: _Toc498440218][bookmark: _Toc498440910][bookmark: _Toc498441629][bookmark: _Toc498443792][bookmark: _Toc498445986][bookmark: _Toc498447104][bookmark: _Toc498449729][bookmark: _Toc498450150][bookmark: _Toc498450836][bookmark: _Toc498506855][bookmark: _Toc498515947][bookmark: _Toc498515979][bookmark: _Toc498600988][bookmark: _Toc498601998][bookmark: _Toc498602025][bookmark: _Toc498602058][bookmark: _Toc498602087][bookmark: _Toc498602123][bookmark: _Toc498602138][bookmark: _Toc498602257][bookmark: _Toc498625968][bookmark: _Toc498626024][bookmark: _Toc498626133][bookmark: _Toc498626150][bookmark: _Toc498638719][bookmark: _Toc498644656]Both UP and CP EDT solutions show significant battery life improvements compared to the Rel-13 Suspend/Resume.
The coverage level significantly impacts the performance gains. The more extended the coverage, the more gain one can achieve with early data with respect to legacy RRC suspend/ resume. For example, in the first traffic model, EDT helps improve battery life 1%, from 36,4 years to 36,8 years (i.e., 0.4 year) in the 144 dB MCL coverage level, but could extend battery life about 20% from 9,2 years to around 12 years (i.e., almost 3 years) in the 164 dB MCL level.
[bookmark: _Toc494729951][bookmark: _Toc494731747][bookmark: _Toc494731840][bookmark: _Toc494732266][bookmark: _Toc494733936][bookmark: _Toc494734024][bookmark: _Toc497816582][bookmark: _Toc497821251][bookmark: _Toc498342726][bookmark: _Toc498342915][bookmark: _Toc498349467][bookmark: _Toc498349665][bookmark: _Toc498353877][bookmark: _Toc498440219][bookmark: _Toc498440911][bookmark: _Toc498441630][bookmark: _Toc498443793][bookmark: _Toc498445987][bookmark: _Toc498447105][bookmark: _Toc498449730][bookmark: _Toc498450151][bookmark: _Toc498450837][bookmark: _Toc498506856][bookmark: _Toc498515948][bookmark: _Toc498515980][bookmark: _Toc498600989][bookmark: _Toc498601999][bookmark: _Toc498602026][bookmark: _Toc498602059][bookmark: _Toc498602088][bookmark: _Toc498602124][bookmark: _Toc498602139][bookmark: _Toc498602258][bookmark: _Toc498625969][bookmark: _Toc498626025][bookmark: _Toc498626134][bookmark: _Toc498626151][bookmark: _Toc498638720][bookmark: _Toc498644657]The more extended the coverage, the more the gains in terms of both latency and battery life.
On another note, the transmission frequency has significant impact on the performance gain, i.e., the more frequent the data transmission, the higher the performance gains. This is because the reduction in signaling procedure, i.e., also the battery life and latency improvements is clearer when the random access procedure contributes more to the total power consumption of a transmission cycle.
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[bookmark: _GoBack]The results obtained in this contribution provide insights into the estimated performance gains for considered evaluation scenario. We note that results are dependent on evaluation details, assumptions, and actual traffic model. Therefore, the evaluation framework present in this contribution, especially assumptions on content of Msg3/4 and signaling flows in UP and CP, can be used as a baseline for further evaluations for EDT solutions.
[bookmark: _Toc498638593][bookmark: _Toc498638677][bookmark: _Toc498643767][bookmark: _Toc498643823][bookmark: _Toc498644659]RAN2 to discuss an evaluation framework for EDT solutions.
Conclusion
We have made the following observations:
Observation 1	For UP solution, total size of Msg3 PDU is 16 bytes plus UL data.
Observation 2	For UP solution, total size of Msg4 PDU is 31 bytes plus DL data.
Observation 3	For UP solution, overhead is mainly due to headers at RLC and PDCP sub-layers and AS security information.
Observation 4	For CP solution, total size of Msg3 PDU is 21 bytes plus UL data.
Observation 5	For CP solution, total size of Msg4 PDU is 12 bytes plus UL data.
Observation 6	For CP solution, overhead is mainly due to headers at NAS layer and NAS security information.
Observation 7	For UL EDT, header overhead of CP solution is more (5 bytes) than in UP solution.
Observation 8	For DL EDT, header overhead of CP solution is less (12 bytes) than in UP solution.
Observation 9	For the coverage level of 164dB MCL, both UP and CP solutions achieve more than 10 years of battery for the traffic model of 100 bytes UL data and transmission frequency of 12 hours.
Observation 10	UP EDT solution slightly outperforms CP EDT solution in terms of both battery life and latency.
Observation 11	Both UP and CP EDT solutions show significant gains in latency reduction compared to the Rel-13 Suspend/Resume.
Observation 12	Both UP and CP EDT solutions show significant battery life improvements compared to the Rel-13 Suspend/Resume.
Observation 13	The more extended the coverage, the more the gains in terms of both latency and battery life.
Observation 14	The more frequent the data transmission, the higher the gains in terms of both latency and battery life.
 Based on the discussion and observations, we propose the following:
Proposal 1	RAN2 to discuss an evaluation framework for EDT solutions.
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Appendix: Assumptions for the analysis
Figure 7 presents the signalling assumed in the calculations for RRC Resume. The UE is assumed to consist of four parts which can be enabled/disabled somewhat independently: Transmission chain (TX), reception chain (RX), Idle mode (i.e. accurate clock to keep frame/symbol timing etc.) and deep sleep, where only a coarse clock is running and the UE is basically switched off otherwise. The power consumption of each of these parts is presented in Table 5.
DL assignments and UL grants are not explicitly shown in Figure 7 for clarity, but they are included in the model. An Active timer of 2 seconds is assumed after the procedure, after which the UE enters PSM. The wait time after UL data before DL application Ack assumed to be negligible.



[bookmark: _Ref498601006]Figure 7: Data and signalling flow used to model RRC Resume battery performance.

Table 3 and Table 4 presents the application layer assumptions used for evaluation of battery life performance.
[bookmark: _Ref478049579]Table 3: Release 13 battery life evaluation scenarios.
	Message type
	UL report
	DL Application Acknowledgment

	Size
	200 bytes
	50 bytes
	65 bytes

	Arrival rate
	Once every 2 h or once every 24 h



[bookmark: _Ref478049584]Table 4: Release 14 battery life evaluation scenarios.
	Message type
	UL report
	DL Application Acknowledgment

	Size
	200 bytes
	20 bytes

	Arrival rate
	Once every 24 h



Table 5 presents the power consumption assumptions used for evaluation of battery life performance taken from the Rel-13 NB-IoT evaluations [7].The same models can be used for UL latency evaluation, but note that the arrival rate or the DL message size do not have an effect as the uplink latency is calculated up to the point where the UE has sent (and eNB received) the uplink data packet(s). 

[bookmark: _Ref498601079]Table 5: Release 13 power consumption levels.
	Device power consumption 

	TX (23 dBm, integrated PA: 45% eff.)
	500 mW (incl. 60 mW support circuity) 

	RX
	80 mW 

	Light sleep
	3 mW 

	Idle – Deep sleep
	0.015 mW 



Table 6 presents the higher layer assumptions used for evaluation of latency and battery life performance.
[bookmark: _Ref498602485]Table 6: Assumptions on core network protocol overheads and RRC message sizes.
	Parameter
	Assumption

	MIB
	34 bits

	Higher layer procedure
	RRC Resume

	PDCP
	5 bytes for signaling / 1 byte for user data

	RLC
	2 bytes

	MAC
	2 bytes

	Random Access Response
	7 bytes

	RRC Connection Resume Request PDU
	9 bytes

	RRC Connection Resume PDU
	2 bytes

	RRC Connection Resume Complete PDU
	3 bytes

	RRC Connection Release PDU
	8 bytes



Table 7 and Table 8 present the radio related assumptions used for evaluation of latency and battery life performance. For power consumption evaluation we use average values, where available, and for latency calculation the 90th / 99th percentile values. 


[bookmark: _Ref498601180]Table 7: Radio related assumptions.
	Parameter
	Assumption

	Propagation condition
	ETU

	Fading 
	Rayleigh, 1 Hz 

	Mobile NF
	5 dB 

	Base station NF
	3 dB 

	Device power class
	23 dBm

	LTE system BW (inband case)
	10 MHz

	Base station power class 
	Inband, guardband: 46 dBm,
Standalone: 43 dBm

	Power boosting (inband case)
	6 dB on anchor

	Coupling loss
	144, 154, 164 dB 

	Targeted link level performance
	PSS/SSS, PBCH: 90th percentile acquisition time
PDSCH, PUSCH F1: 10% BLER
NPDCCH, PUSCH F2, PRACH: 1% BLER

	Link level scenario
	Sensitivity limited 




[bookmark: _Ref498601193]Table 8: Assumed transmission times/repetitions for different channels at 144, 154 and 164 dB coupling losses.
	Inband

	Coupling loss
	NPDSCH 
10% BLER
680 bit TBS
	NPUSCH  
10% BLER
1000 bit TBS
	NPDCCH 
1% BLER
(avg.)
	NPUSCH F2
1% BLER
	NPRACH
1% BLER
	NPSS/NSSS
Avg. / 90th percentile
	NB-MIB  
Avg. / 90th percentile

	144
	10
	32
	4 (1)
	2
	14
	38 / 84
	10 / 10

	154
	128
	320
	32 (5)
	4
	52
	64 / 124
	38 / 80

	164
	1024
	2560
	256 (56)
	64
	205
	582/ 1284
	358 / 640
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