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1 Introduction
This email discussion aims to progress the RAN2 evaluation on UEPCOP, on the following aspects:
-
Discuss gain vs. pain of extended DRX cycles and dormant state.

-
What contributes to the power saving? What are reasonable assumptions for power leakage in DRX state? How much power is consumed for SI reading, cell search, … depending on DRX interval?

-
Should discuss impact, benefit and issues for IDLE and CONNECTED mode

=>
Intended outcome: Email discussion report and a TP to 37.869
The deadline of this email discussion is 2013-08-01, 23:59 Pacific Time. Earlier inputs to this email discussion are welcome. 
2 Discussion
This discussion is mainly based on LTE, however most of the raised issues would also apply to UMTS.
2.1 Power consumption model
To evaluate UEPCOP solutions, we need to first develop a UE power consumption model. However, accurate modelling of UE power consumption is a challenging work, because UE power consumption is a function of many factors and they are largely depending on UE implementation. 
Based on the modelling methods proposed in [1, 2, 5, 18] and the approved modelling methods for “LTE Device to Device Proximity Services” (as captured in RAN1#73 notes), also taken into account the measurements on some commercial LTE chipsets, a simplified UE power consumption model is illustrated as below. This UE power consumption model applies to both idle mode and connected mode.
Table 1: UE power consumption model parameters
	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both 
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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.


NOTE: For the consumed power, values after quantization (in number of unit) rather than that in Ampere or Watt are assumed. 
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Figure1: Time parameters
When evaluating the UE power consumption gain with different traffic models, the evaluation result should state the number of subframes assumed for each type of power usage (i.e. 
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). Here, it is not intended to model e.g. the state transition from idle mode to connected mode, the RRC connection release, the subframes required for UL transmission and DL reception, the time interval between UL data packet and corresponding DL response, etc.
Companies are invited to answer the following questions:
1) Whether the above UE power consumption model is acceptable, and if no what is the suggestion.
2) For the
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, what is the suggested value, and whether a relative high transmit power should be assumed considering that many MTC devices such as sensors might be in poor radio environment.
3) For the
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, whether a longer value than 34ms should be assumed for worse side conditions (e.g. for sensors in poor radio environment), where UE might not able to successfully detect the cell on the first attempt. If a longer value should be assumed, what is the suggested value?
Table 2: Comments on power consumption model
	Company
	Comments

	ZTE
	1) The model seems a consistent combination of some already proposed modelling methods and in our view it could be acceptable. 
3) For 
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we think it is sufficient to consider the value of 34ms.

	Samsung
	We agree this model.

	CATT
	We can accept the simple model as the baseline.

	Fujitsu
	For 1): most of the UE power consumption model is acceptable except one question for clarification. i.e., why is both cell search and synchronization included in 
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? 
For 2): considering that the power boosting method used to improving UL coverage for an MTC UE in poor radio environment is ruled out by the low cost MTC study in RAN1. Hence, the assumption of a maximum 23dBm transmission power may be enough and is reasonable.
For 3): We agree with ZTE.

	InterDigital
	For 1) The model is acceptable.

For 3) Based on our understanding of 36.133 Section 7.7.2, Tprepare would depend on the length of the extended DRX cycle. That means for a period upto 5 DRX cycles (i.e. 5X 2.56s = 12.8s), the Tprepare value of 24ms should be sufficient. For higher DRX lengths, Tprepare value of 34ms should be assumed. For simplicity, a single value of 34ms is acceptable to us.

	Huawei, HiSilicon
	We agree this model.

Answer to Fujitsu’s question above: 
Cell search doesn’t include the synchronization on DL CRS for demodulation.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Agree that this model seems reasonable approximation.

	Ericsson, ST-Ericsson
	1) 0.01 units/ms is usually considered for the current smart phone modems and therefore it may not be suitable for future MTC devices. We think Psleep should be 0.001 units/ms or even 0.0001 units/ms instead. Note that agreed power consumption model for “LTE Device to Device Proximity Services” is also for smart phone modems.
2) The range of Ptx, 1-4 units/ms, seems reasonable.

3) We think 34 ms is sufficient for Tprepare.

	NEC
	1) Agree

2) Is Ptx necessary to be considered? At least for the idle mode extended DRX, it is clear that this is not necessary to be considered. Then, is this only for connected mode DRX?

3) According to Table 3 in this tdoc, Tcell-detection (=600ms) is defined for the extended DRX. We can roughly say that Tcell-detection and TSI-reading is just before Ton-duty then Tprepare is already included in Tcell-detection.Therefore in case of the extended DRX, Tprepare should be zero.



	MediaTek
	For 1), the model is acceptable to us.

For 2), our data shows that 1-2 units/ms is quite good approximation. To make it simple, we may assume 2 units/ms.

For 3), our data shows it may take a little longer than 34ms, suggest to use 40ms.

Actually, our data show Psleep is around 0.02 units/ms for smarphone, but agree with E///, MTC device may have lower value than normal UE.

	Intel
	1. We are OK with this model except for the understanding of the value of 
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. We wonder if the RAN4 delay requirements defined for CA could be directly applicable for our scenario (e.g. 4ms for processing of activation command). Further, as the active time affects the UE power savings considerably especially for DRX cycles <10.24s, we need to choose this value carefully. As per the specification the 24 or 34ms are maximum requirements and not the minimum requirements (making it an upper bound leading to worst case scenario) with 24ms being sufficient if the cell is detectable. We think 10ms for cell synchronization as discussed in RAN4 contributions and probably 5-10ms for warming up time may be sufficient. We also wonder if cell search would be part of this metric. 
2. The actual value to assume would depend on whether we are doing best case (ideal) or worst case analysis. We could assume 10dBm if we prefer an average value in which case 
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 of 2 unit/ms may be assumed
3. Referring to (1), we think a lower value may be considered for DRX cycles < 10.24 sec (e.g. 15-20ms).
4. We feel that the same 
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 may not be assumed for both idle and connected modes and suggest a value of 0.1 unit/ms for DRX sleep in connected mode and keep the proposed value for DRX sleep in idle mode.


Rapporteur’s summary:
Most companies are fine with this UE power consumption model.
One company thinks that for future MTC devices, Psleep should be 0.001 units/ms or even 0.0001 units/ms. UE vendors could further check whether it is feasible or not.
For 
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, one company prefers to use a longer value of 40ms, however another company prefers to use a shorter value (e.g. 15-20ms) for DRX cycles < 10.24 sec.

One company suggests a value of 0.1 unit/ms for DRX sleep in connected mode.  

It is proposed to agree on this UE power consumption model, and the corresponding TP is provided in R2-132394.
Proposal 1: Agree the TP for the UE power consumption model in R2-132394. 
2.2 Power consumption for extended DRX cycle
In the current specification, UE will adopt the shortest one of the UE specific DRX value and the default DRX value broadcast in system information. BCCH modification period is a multiple of the default DRX value, which will make sure that UE could be notified (via paging message) before the eNB changes the system information in the next BCCH modification period. 
The extended DRX cycle solution will change the existing rule of the DRX value negotiation, i.e. both the eNB and the UE need to adopt the UE specific DRX value in the paging procedure. If the extended DRX cycle is longer than the BCCH modification period, UE might miss the notification of system information change before the eNB transmits the updated system information. As a result, UE might fail to receive the paging message in its paging occasion. Here, it is assumed that UE will acquire the latest system information before its paging occasion (the details are FFS).
The extended DRX cycle solution will also impact the existing cell reselection procedure. Due to the late measurement caused by the extended DRX cycle, UE might miss the cell reselection opportunity. It means that the serving cell might already be changed at the time when the UE tries to receive the paging. Here, it is assumed that UE will perform a cell (re-)selection procedure before its paging occasion (the details are FFS).
In order to evaluate the power consumed for cell (re-)selection and system information acquisition before the paging occasion, Table 3 illustrates the estimated time for corresponding procedures.
The analysis above mainly applies for the idle mode UE. For the connected mode UE, UE behaviours are a bit different. However, similar power consumption result could be observed.
Table 3: Estimated time for SI reading and cell detection
	Parameter
	Value
	Comments
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	200 ms
	Time required for system information acquisition. For simplicity, only the most essential SIBs are considered, i.e. MIB, SIB1 and SIB2. Assuming the scheduling periodicity of SIB2 is 80ms.
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	600 ms

	Time required for cell detection. For simplicity, it is assumed there is only one frequency layer. The maximum value is 600ms (refer to the required time on intra frequency cell detection as specified in section 8.1.2.2.1.1 of TS 36.133). 
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Companies are invited to answer the following questions:

1) Whether it is reasonable to assume that UE will perform a cell (re-)selection procedure and acquire the latest system information before each paging occasion.
2) Whether the values in Table 3 are acceptable, and if no what is the suggestion.

3) Whether any other factor should be considered when evaluating the power consumption gain for the extended DRX cycle solution.
Table 4: Comments on power consumption for extended DRX cycle
	Company
	Comments

	ZTE
	Regarding 1) and 2), we are not sure that assuming that “UE will perform a cell (re-) selection procedure and acquire the latest system information before each paging occasion” is always reasonable… 
At least we doubt that a UE should perform a cell (re-)selection procedure before each paging occasion (so we don’t think that a 
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 of 600ms should be considered before each paging occasion). 
Regarding the system information, besides acquiring (all) the latest system information before each paging occasion, other more power saving solutions might be considered. At least the solution should be based on a Value Tag check in SIB1 before acquiring other SIs.

	Samsung
	For simplicity, the SI reading time of 200 ms is fine. And, SIB14 can be also considered since it includes EAB for MTC devices.

Regarding cell detection time, 600 ms seems quite long. Our implementation confirmed that 100 ms is sufficient.

We think that “UE will perform a cell (re-) selection procedure and acquire the latest system information before each paging occasion” is so beneficial for very long DRX cycle. However, if DRX cycle to be extended is quite not long, e.g. < 10.24 sec, this approach results in additional power consumption. We already introduced the negative impact with the approach in R2-131793.

	CATT
	For Time required for cell detection, there is no need to perform the step if extended DRX cycle is tens of seconds (From SA2 discussion, it seems the maximum 20s cycle is preferred by most companies). To say the least, if needing to do cell selection each paging occasion, UE can perform stored information cell selection instead of initial cell selection. The time is smaller than 100ms at most cases.

	Fujitsu
	For 1):

· Regarding the assumption that the “UE will perform a cell (re-)selection procedure before each paging occasion", do we really need to have such an assumption for a stationary UE and a UE with low mobility?
· The problems for the paging receiving due to cell change and SI update also apply to the UE initiated UL transmission procedure, e.g. TAU or MO traffic. So, we wonder whether such UL transmission and the assumption to solve the similar problems as the paging reception should also be considered in the power consumption evaluation.
For 2):

We hope to clarify one point: if we assume the UE will perform a cell (re-)selection procedure and acquire the latest system information before each paging occasion, is the 
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 still needed for the paging reception ?


	InterDigital
	1) We agree that it may not always be necessary to perform cell (re-)selection before each paging occasion. An existing UE implementation would already need to evaluate the cell and perform AGC/AFC settling for CRS measurements before it wakes up (during Tprepare), and will need to perform cell re-selection when necessary (i.e. if the measurement is below the threshold). It is not clear to us why this behaviour will not be sufficient for extended DRX.
2) We agree with ZTE, that reading all SIB would be inefficient and other power saving options should be considered. For example, if the extended DRX is tens of seconds (as discussed in recent SA2 discussions), a solution based on comparing SIB1 ValueTag may be sufficient.

	Huawei, HiSilicon
	Regarding the necessity of SIB acquisition before each paging occasion, we agree that some enhancements could be considered, e.g. check the Value Tag in SIB1 before acquiring other SIBs, however, UE have to wake up ahead of time and reserve enough time for acquiring other SIBs, just in case other SIBs are changed. Even in case other SIBs are not changed, it doesn’t look like UE will back to sleep mode again. If we also consider SIB14 for EAB, 
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 will be even longer, given that SIB4 has a longer scheduling periodicity, e.g. 320ms. 200ms is an acceptable value for the sake of simplicity.
Regarding the necessity of cell (re-)selection before each paging occasion, we agree that it depends on the length of DRX cycle. If the DRX cycle is not so long (e.g. 5.12s), UE may not have to perform the cell (re-)selection before each paging occasion. However, the transition point of the DRX cycle length needs to be evaluated by RAN4, and it is not necessarily be 10.24s. The measurement and cell (re-)selection will contribute an important part of the whole UE power consumption, if we don't consider the time consumed by measurement and cell (re-)selection before each paging occasion, we are not sure whether we can get the real power consumption gain with the extended DRX cycle solution.
Answer to Fujitsu’s question above:

1) Yes, SIB acquisition and cell (re-)selection also need to be considered before uplink transmission due to e.g. MO communication or TAU.
2) No. If we consider
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, then we don’t need to consider 
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Answer to InterDigital’s comment above:

We agree that UE could perform cell re-selection only when necessary (i.e. when Srxlev < SIntraSearchP and Squal < SIntraSearchQ), however UE have to wake up ahead of time and reserve enough time for cell re-selection before each paging occasion in case cell re-selection is required, this is important for quite long DRX cycles during which there is a high risk that UE has already moved into the coverage of another cell.



	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We don’t think we need to assume already that “Whether it is reasonable to assume that UE will perform a cell (re-)selection procedure and acquire the latest system information before each paging occasion.”  This should be discussed further.

	Ericsson, ST-Ericsson
	1) It may not be necessary for the UE to read the system information before each paging occasion. If the UE needs to acquire the latest system information, reading only the most essential information blocks, such as MIB and SIB1, to verify the value tag, may be adequate. If the value tag has changed, the UE also needs to read SIB2 (and maybe the other SIBs after access if needed). In case a cell reselection is performed, the UE needs to acquire MIB, SIB1 and SIB2.

2) We think 200ms continuous UE reception is too conservative to be considered for time required for system information acquisition. A UE implementation can optimise the SI reading based on scheduling information, i.e. power saving mechanisms can be applied. The UE first needs to locate MIB which will take 10 ms. Then it would know where to find SIB1 and hence in which subframes to locate SIB2. Some additional time may be needed for turning on the radio, retuning etc., but it does not need to read all subframes continuously. Hence we think that ~12 ms is a reasonable value when only the most essential information blocks are read.

600ms is considered to be the value for the worst case scenario. In general it takes about 100ms to detect a cell.

	NEC
	1) Agree.

2) Agree. 
3) For the Extended DRX case, the Tprepare value should be zero since it is already included in Tcell-detection.

Then, following formulas should be applied for the total power consumption in one DRX cycle.

In case of normal DRX:

P one normal DRX cycle = Tsleep * Psleep + (Tprepare + Ton-duty) * Prx
Tsleep = DRX cycle – Tprepare – Ton-duty
e.g. when DRX cycle is 2.56sec,

P one normal DRX cycle = (2560 – 34 – 1) * 0.01 + (34 + 1) * 1 = 60.25

In case of extended DRX (> BCCH modification period):

Pone extended drx cycle = Tsleep * Psleep + (Tprepare + Ton-duty + TSI-reading + Tcell-detection) * Prx

Tsleep = Extended DRX cycle – Tprepare – Ton-duty – TSI-reading – Tcell-detection
Tprepare = 0

e.g. when extended DRX cycle is 10.24sec (= one System Frame),

P one extended drx cycle = (10240–1–200–600) * 0.01 + (1+200+600) * 1 = 895.39

For the power consumption comparison between the normal DRX case and the extended DRX case, above P one normal drx cycle should be multiplied by Extended DRX cycle ÷Normal DRX cycle. Red part in following figure should be calculated for the power consumption comparison.

Cell detection & SI reading
PO




PO
PO
PO
PO
For example when the extended DRX is 10.24sec and the normal DRX is 2.56sec, the power consumption for the normal DRX shall be multiplied by 4.

Following table shows the comparison result of the power consumption between the normal DRX case (cycle=2.56s) and the extended DRX case in idle mode.

Extended DRX length (ms)

A:Total P for one cycle of extended DRX

B:Total P for normal DRX at the time of one extended DRX cycle

Gain (%)
= (B-A) / B * 100
10240: 1SF

895.39
241

-271.5
20480: 2SF

997.79
482

-107.0
40960: 4SF

1202.59
964

-24.75
61440: 6SF

1407.39
1446

+2.8
81920: 8SF

1612.19
1928

+16.4
102400: 10SF 

1816.99
2410

+24.6
143360: 14SF 

2226.59
3374

+34.0

184320: 18SF

2636.19

4338

+39.2

204800: 20SF

2840.99
4820

+41.1
307200: 30SF

3864.99
7230

+46.5
409600: 40SF

4888.99
9640

+49.3
512000: 50SF

5912.99
12291

+50.9
Effectiveness by the extended DRX:

Gain by the Extended DRX can be seen when the Extended DRX is longer than 6 system frame length and from there the more the DRX is extended the more gain can be observed.

Relation between the BCCH modification period and the extended DRX cycle:

In above calculation result, the power consumption when the extended DRX is equal or shorter than 40.96sec (=4 system frames) is worse than the normal DRX case because TSI-reading and Tcell-detection are always applied to the power consumption in above table. But those are not necessary to be applied when the BCCH modification period is longer than the extended DRX cycle. Therefore as the power consumption for such extended DRX case, a different calculation depending on the BCCH modification period is necessary.

Consideration for the alternating pattern case in the extended DRX:

Since above calculation result is for the case when paging occasion is only one time per extended DRX, the power consumption for the extended DRX should be increased depending on the use of alternating pattern.



	MediaTek
	For 1), UE may not need to go through cell detection and SI-reading for every paging. However, it really depends on mobility, the action, e.g. if UE wake up in a new cell.

For 2),

For static UE, cell detection and SI-reading is not necessary. 200ms for SI value tag checking and cell preparation is quite enough.
For moving MTC device and cycle >10.24s, it is necessary to consider cell detection and SI reading, however, total 800ms seems too long. We suggest a total value of 400-600 ms.

	ITRI
	1) We think it may depend on the value of extended DRX cycle used by the UE.
2) When the extended DRX cycle used by the UE is not too long, e.g. < Modification Period * 32 (i.e., the size of Value Tag), the UE can only acquire MIB and SIB1 if Value Tag is not changed. In this case, the time required for system information acquisition may be smaller than 200ms.

	Intel
	1. We may need to differentiate whether the analysis is for stationary or mobile scenario. If this is stationary case, then the cell resync. procedure may be sufficient in most cases and possible notification in paging regarding SI updates can be done if necessary (SIB is valid for 3 hrs). Also, we feel that cell (re)selection might not need to be performed in each paging occasion unless a high mobility scenario is considered and this case needs to be evaluated separately. In addition, we wonder about the 600ms based on UE measurement procedures in RRC_CONNECTED state in the specification; we also believe that stored information cell selection will be faster.
2. We can assume 200ms and 100ms for SIB reading and cell detection respectively, however, not before each paging occasion. We can also potentially define best case (including only the  
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Rapporteur’s summary:
Regarding the system information acquisition, some companies mentioned that enhancements could be considered, e.g. check the Value Tag in SIB1 before acquiring other SIBs. However, one company mentioned that UE still has to wake up ahead of time and reserve enough time for acquiring other SIBs, just in case other SIBs were changed. On the other hand, one company mentioned that UE implementation might optimize the system information acquisition based on the scheduling information, in which case UE reception is not continuous. 

Regarding the cell (re-)selection, it was understood by some companies that the UE may not always be necessary to perform cell (re-) selection before each paging occasion and uplink transmission, and it depends on the extended DRX cycle length and UE speed. It was also mentioned by some companies that generally it takes about 100ms to detect a cell.
For the sake of simplicity, it is proposed to evaluate the best case and the worst case separately. For the best case, we could assume that UE doesn’t need to acquire the system information and perform cell (re-)selection before each paging occasion and uplink transmission. For the worst case, we could assume that UE will take 200ms for the system information acquisition (for the most essential SIBs, i.e. MIB, SIB1 and SIB2) and take 100ms for the cell (re-)selection before each paging occasion and uplink transmission.
Proposal 2: Regarding the power consumption caused by system information acquisition and cell (re-)selection for the extended DRX cycle solution, evaluate the best case and the worst case separately.
2.3 Challenges of extended DRX cycle
2.3.1 Impacts to RAN2 specifications (DRX cycle <=10.24s)
Based on the analysis in contributions [4-17] and the latest version of TR 37.869, if the extended DRX cycle is less than or equal to 10.24s, the following potential impacts to the current RAN2 specifications are identified:

1) Impact on the rule of the DRX value negotiation, i.e. both eNB and UE need to adopt the UE specific DRX value in the paging procedure.
2) Impact on mobility. UE might need to perform a cell (re-)selection procedure before each paging occasion (depending on the DRX cycle length).
3) Impact on SIB reading. UE might need to check and acquire the latest system information before every paging occasion and uplink transmission (in case the extended DRX cycle is longer than the BCCH modification period).
4) Whether the solution is applicable to ETWS and/or CMAS capable UEs.
Companies are invited to answer the following questions:

1) Whether the potential impacts identified above are correct and whether anything was missing.
2) If the extended DRX cycle solution (if DRX cycle <=10.24s) shows technology potential in terms of UE power saving, whether the potential impacts as identified above are acceptable, or a solution with less or without standard impact is preferred, e.g. attach/detach solution.
Table 5: Comments on impacts to RAN2 specifications (DRX cycle <=10.24s)
	Company
	Comments

	ZTE 
	1) Regarding mobility, we still doubt that a UE should perform a cell (re-)selection procedure before each paging occasion
2) A more precise estimate of the power saving gain (e.g. according to the model in 2.1) would be needed to take a final decision, however we believe that for extended DRX cycles <=10.24s the benefits could justify the impacts

	Samsung
	1) We can consider DRX negotiation introduced in 23.887 Section 7.1.3.1.1

2) For DRX < 10.24, we don’t think that mobility issue is severe. Also, a cell selection before PO is not useful. Rather, it’s very beneficial for DRX > 10.24.

3) Upper bound of Current Modification Period is 10.24 sec. Therefore, there is no problem. Now, we can set Modification Period to 10.24.

4) We need further study if MTC device can also become a ETWS/CMAS capable UEs.

	CATT
	1) Share ZTE’s view about mobility aspect.

2) For SIBs reading, the following alternatives can be considered:

· UE only read MIB/SIB1 each paging occasion and if value tag is changed, then re-acquire other SIBs;
· UE can only read SIBs before access for larger interval time transmission;
· UE can use the stored system information to access and if fails, re-acquire SIBs.

	Fujitsu
	For 1):

· Regarding impact 2) and 3), we agree the extended DRX cycle may have an impact on UE mobility and on SI reading. However, the solutions to overcome these impacts should be further studied.

· Regarding 4), our opinion is the solution is not applicable to ETWS and/or CMAS capable UEs since emergency traffic, e.g. ETWS or CMAS, is delay sensitive traffic.
For 2):

If the extended DRX cycle solution (if DRX cycle <=10.24s) shows technology potential in terms of UE power saving, the potential impacts, as identified above, are acceptable.

	Orange
	The system impacts of extending DRX cycles below 10.24 are not severe and potential power consumption gains justify required specifications changes and effort to develop solutions to overcome these problems.

	InterDigital
	1) Regarding system impacts, we think no change to system required as the system supports UE-specific DRX negotiation. 

2) For DRX < 10.24s, we don’t think it is necessary for the UE to always perform cell (re-)selection before paging occasion. 

3) Agree with Samsung that for DRX values less than 10.24s, the existing specification supports modification period to be set to 10.24s, so additional complexity of handling SIB updates is avoided. 
We also think this option should be evaluated for Idle and Connected mode UEs.

	Huawei, HiSilicon
	Regarding the impact on SIB acquisition and cell (re-)selection, the same comments as that in section 2.2.
Before the final decision is made, a more precise estimate of the power consumption gain based on the model in section 2.1 would be needed.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	The captured impacts seems reasonable.  In addition, we see some impact on the network to handle longer DRX due to additional Paging delay.  Further impacts will also depend on whether we have AS based default cycle for xDRX or only NAS based xDRX cycle.

	Ericsson, ST-Ericsson
	1.1) We acknowledge that some modification to existing DRX value negotiation is needed, as identified in SA2 TR 23.887.

1.2) For extended DRX cycles up to 10.24s it may be sufficient to rely on existing mobility mechanism, by simply adjusting the performance requirements in 25.133/36.133 accordingly.

1.3) The modification period can be set up to 10.24sec in the current specifications, therefore no additional impact is expected for DRX cycles extended less than 10.24sec.

1.4) It is not clear to us if PWS requirements are applicable for devices when operating with extended DRX cycles.

2) We think that extended DRX cycles are beneficial for reducing UE power consumption provided that the system impacts are justified. Note that attach/detach based solutions may lead to higher signalling load depending on the type of traffic that such UEs would have, i.e. traffic with relatively short interarrival times may not be suitable for attach/detach based solutions.

	NEC
	On the potential impacts, 1/2/3)Agree with Samsung.

On the questions, from our estimation in section 2.2 the DRX cycle <=10.24s extension does not show significant benefits compared to the DRX cycle >10.24s one. 

	MediaTek
	For cycle <=10.24s, impact 2) 3) seems not serious and 1) can be addressed by minor spec change. 

Agree with Samsung, it is unknown that impact 4) really exists.

	ITRI
	1) The impacts on mobility and SIB reading are not severe while DRX <= 10.24s. Besides, we think the solution is not applicable to ETWS and/or CMAS capable UEs.
2) We think it is acceptable.

	Intel
	We see potential benefits of extending DRX cycle up to 10.24s in terms of UE power savings (especially for stationary UEs) and also the corresponding standardization impacts are not complex. Regarding other impacts, w.r.t impact on mobility, the behavior with legacy eNBs needs to be considered.


Rapporteur’s summary:
Most companies think that the impacts are not severe.
Regarding the impact on SIB reading, some companies mentioned that the modification period can be set up to 10.24s in the current spec, therefore no additional impact is expected for DRX cycles extended less than 10.24s.

Regarding the impact on mobility, some companies think that the mobility issue is not serious, and it may be sufficient to rely on existing mobility mechanism, by simply adjusting the performance requirements in 25.133/36.133 accordingly. However, this need to be further evaluated and decided by RAN4.
Regarding whether the solution is applicable to ETWS/CMAS capable UEs, some companies think that the requirement is not clear and we need further study if MTC device can also become a ETWS/CMAS capable UE.
Proposal 3: For extended DRX cycle <=10.24s, estimates the power consumption gain more precisely before final decision is made.
2.3.2 Impacts to RAN2 specifications (DRX cycle >10.24s)

Based on the analysis in contributions [4-17] and the latest version of TR 37.869, if the extended DRX cycle is larger than 10.24s, in addition to the impacts identified in section 2.3.1, the following additional potential impacts to the current RAN2 specifications are identified:

1) The way of calculating PF/PO might change, e.g. by introducing hyper frame number/SFN cycle index or utilizing UTC in SIB16.
2) UE_ID needs to be extended, hence UEs can be evenly distributed over the extended paging cycle.

3) Robustness of paging reception, e.g. by alternating pattern.
4) Impacts to DRX operation for connected mode UEs.
Companies are invited to answer the following questions:

1) Whether the potential impacts identified above are correct and whether anything was missing.

2) If the extended DRX cycle solution (if DRX cycle >10.24s) shows technology potential in terms of UE power saving, whether the potential impacts as identified above are acceptable, or a solution with less or without standard impact is preferred, e.g. attach/detach solution.
Table 6: Comments on impacts to RAN2 specifications (DRX cycle >10.24s)
	Company
	Comments

	ZTE
	2) Also here a more detailed estimate of the power saving gain would be needed, however – from previous analysis – we are not convinced that for extended DRX cycles > 10.24s the impacts will be fully justified. Specifically, we are not sure we need to specify DRX cycles in Connected longer than 10.24s.

	Samsung
	1) To be in line with current rule, it is preferable to use hyper SFN index rather than utilizing UTC.

2) Possible.
3) With simple solution, the robustness could be improved. At every PO, multiple Pagings could be transmitted. But, considering delay-tolerant service of MTC device, latency until successful paging reception might not be serious problem.
4) Assume similar to IDLE.
We prefer DRX cycle longer than 10.24 sec. From the analysis results, the gain in UE power consumption and lifetime is increased with longer DRX, and the gain can sufficiently overcome the additional complexity.

	CATT
	For 1)/2)/3), we see the requirement.

For 4), we don’t see the need to extend DRX cycle in connected mode.

	Fujitsu
	For 1): the impacts identified here are correct. 
For 2): We agree with Samsung.

	Orange
	We are not sure whether the gains of extending DRX cycle over 10.24s justify the impacts enumerated above. It seems that solutions like attach/detach or Power Saving State can serve the same use cases, bring more gains and have less impact on system/specifications (definitely on RAN part).

	InterDigital
	As discussed in R2-131793, the power saving gains is increased with longer DRX, and we believe the gain can justify the complexity. We prefer to discuss it in the same manner as SA2, i.e. 10.24s<DRX < 20s, and DRX > 20s. For CONNECTED mode, the support of DRX > 10.24s may not be useful, and it may be more efficient to move the UE to IDLE mode.

	Huawei, HiSilicon
	For DRX cycles > 10.24s, we are not convinced that the impacts are justified. 

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We don’t see significant additional complexity from simply extending SFN index beyond 10s compared to up to 10s.  We also believe additional power savings can be achieved.

UE power saving state can achieve similar or more power savings with less complexity, especially for really long xDRX values.  

While Attach/Detach as useful in certain cases, we don’t consider it is sufficient, and we need a power efficient state that does not involve the signalling associated with Attach/Detach

	Ericsson, ST-Ericsson
	1) It is not clear what is meant by impact to DRX operation specifically in #4 above.

2) We think that extended DRX cycles are beneficial for reducing UE power consumption provided that the system impacts are justified.

	NEC
	On the potential impacts, 1/2/3)Agree with Samsung. 4)Agree with CATT.

On the questions, 2) from our estimation in section 2.2 the DRX cycle >10.24s extension should the most significant benefits and we agree with Samsung that the gain can sufficiently overcome the additional complexity.

	MediaTek
	DRX cycle > 10.24s would extend battery life to fit the need of certain use case and complexity is acceptable. Attach/detach mechanism cannot be used for all use cases, e.g. short IAT, with incurred signaling overhead.

Agree with Samsung, similar behavior for connected mode if the DRX cycle > 10.24s.

	ITRI
	1) We think the impacts identified here are correct.
2) A solution with less or without standard impact is preferred.

	Intel
	1) Comments in the potential impacts:

1) We prefer the SFN based mechanism
2) Depends on the extension of the cycle 

3) If this solution only applies to MTC delay tolerant devices, the latency in the paging reception might not be a problem, however optimizations may be considered for paging robustness. 

4) There is potential UE power savings for extended DRX cycle in connected mode as shown in R2-131414; we are not sure if the DRX operation in connected mode will be impacted as such with higher DRX cycle values except for additional signalling to differentiate the operation; however there are certain other impacts identified in SA2 TR 23.887 (e.g. S1 error handling increase for mobile UEs). 

2) We see benefit in extending DRX cycle above 10.24s but we feel further analysis of the UE power saving gain vs standardization complexity is needed. We also wonder if the accuracy of the low power clock for extremely long DRX cycle should be considered as an impact.


Rapporteur’s summary:
Regarding the impacts on the calculation of PF/PO and the extension of UE_ID, further discussions are needed because there are several possible solutions. 
Regarding the paging robustness issue, some companies mentioned that for delay tolerant MTC devices, the latency in the paging reception might not be a serious problem.

Basically, we feel further analysis of the UE power consumption gain vs standardization impact is needed.
Proposal 4: For extended DRX cycle >10.24s, further analysis of the UE power consumption gain vs standardization impact is needed.
2.3.3 Impacts to TCP layer
The TCP protocol is connection-oriented and is reliable for data transmission. MTC devices and smart phone might use TCP protocol for traffic data delivery. In [3], the impacts to TCP layer caused by extended DRX cycle were analyzed.

In [3], according to the typical value of TCP parameters listed in Table 1, it was observed that if a TCP sender begins to establish a TCP connection and no response is received from its peer within 189s, the TCP connection establishment will be failed. If a TCP sender begins to send data and no response is received from its peer within 189s, the TCP connection will be terminated. If a TCP sender begins to send keepalive probes and no response is received from its peer within 675s, the TCP connection will be terminated. Therefore, from RAN perspective, the DRX cycle length should be less than 189s, to make sure that the TCP connection could be successfully established and the TCP packet could be successfully delivered. Further, if the DRX cycle is smaller than 189s while larger than 3s, the first SYN or the first data together with their retransmissions will be buffered in the S-GW. Then at a later time all of them will be delivered to the UE together, which will unnecessarily waste the radio resources and backhaul resources.

Companies are invited to answer the following questions:

1) Whether the above analysis on the impacts to TCP layer is reasonable.
2) If the above analysis is reasonable, whether the applicability of the extended DRX cycle solution will be impacted, e.g. for UDP transmission only or MO only.

Table 7: Comments on impacts to TCP layer
	Company
	Comments

	ZTE
	1) First of all our assumption is that extremely long DRX cycles (e.g. in the order of hundreds of seconds or more) *might* only be reasonable while in Idle. Under this assumption, our view is that the highlighted issue would only be a problem in the MT case. However similar issues are there with MT transmissions in general, rather than specifically with TCP. 
2) Even if we introduce extremely long DRX cycles, we don’t think we should put any restrictions on their applicability in RAN specs. Any restriction on the adoption of extremely long DRX cycles should be left to implementation (and/or upper layer specs).

	Samsung
	We assume it is not a critical problem because this impact of TCP layer is under the control.

	CATT
	We think the topic goes beyond RAN2 scope and RAN2 cannot give the conclusion.

	Orange
	We agree that extremely long DRX cycles should be applied to IDLE mode only.

We also believe that this topic is out of scope of RAN2, but it would be good to have it further analyzed by other WG on a later stage. We should definitely not limit the applicability of solutions only to UDP as TCP is a common protocol for MTC services.

	InterDigital
	We agree the impact for TCP layer may not be a critical issue, especially for extended DRX cycles in the range of tens of seconds.

	Huawei, HiSilicon
	We don’t think the TCP issue is out of scope of RAN2, similar as other features e.g. Small Cell Enhancements, RAN2 needs to consider the impacts to higher layers caused by new RAN2 features.
BTW: I got the information from my SA2 colleague that SA2 has already acknowledged the TCP issue and the following sentence will be captured in TR 23.887:

“To be able to handle DL UP data, it is also recommended to make use of an adapted application which is able to handle high latency communication and to use IP/UDP instead of TCP.”
For the Power Saving State solution, optimizations could be considered to avoid the TCP issue. So, TCP issue is not a common issue for MT transmissions.

	Ericsson, ST-Ericsson
	1) We agree that common TCP implementations such as the one described above may not work well with the extended DRX cycles. TCP may fail to establish a connection or an already established connection may be terminated for very long DRX cycles. TCP’s retransmission timeout (RTO) timer will retransmit not-yet-acknowledged messages even for moderate DRX cycles of more than a few seconds. That could lead to multiple copies of the same message to be stored in the network to be delivered once the UE enters active time. This would cause transmission overhead, increase the UE power consumption and occupy memory in the node storing the packets. Furthermore, TCP sets the slow start threshold (SSTHRESH) to 1 segment when the RTO expires. This might lead to reduction in throughput and resource efficiency since the TCP sender would not increase its congestion window exponentially but only linearly when the UE enters active time.
2) Note that the impacts mentioned above would primarily be observed for mobile terminated traffic. When the UE initiates the data transfer, it will autonomously enter active time and, due to drx-InactivityTimer or shortDRX-Cycle, stay in active time until the server has sent its response. 

We think that, even though network initiated data transmission in combination with short RTO values on transport layer may not work well with extended DRX cycles, we consider extended DRX cycles beneficial. However, these extended cycles should only be used if it can be ensured that higher layers have been configured appropriately. While this may be very difficult for normal internet access we consider it feasible for MTC devices communicating with dedicated MTC servers only.

	NEC
	We agree with CATT.

	MediaTek
	We agree with E///. 

For MTC applications require extreme power saving, e.g. extended DRX cycle, higher layers is assumed to be properly tuned to avoid negative effect.

	ITRI
	1) It is reasonable.
2) We share ZTE’s view.

	Intel
	Although the analysis on impacts to TCP layer may be reasonable, for extended DRX cycle, especially>10.24 sec, the premise of the application/device configuration would be that the device will be unreachable for that period of time. For MO-only or applications that can handle extremely long delays, there is no problem as mentioned. For (2), the same problem exists for any power saving solution that warrants unreachability for an extended period of time and any optimization undertaken in this case may be applied for extended DRX solution.


Rapporteur’s summary:
One company indicated that SA2 has already acknowledged the TCP issue, and it is mentioned in TR 23.887 that “To be able to handle DL UP data, it is also recommended to make use of an adapted application which is able to handle high latency communication and to use IP/UDP instead of TCP”.
Some companies think that extended DRX cycles should only be used if it can be ensured that higher layers have been configured appropriately, and we shouldn’t put any restrictions on their applicability in RAN specs.
Some companies think that similar issues are there with MT transmissions in general.

One operator thinks that this topic is out of scope of RAN2, but we should definitely not limit the applicability of solutions only to UDP as TCP is a common protocol for MTC services.
Proposal 5: Discuss whether the “TCP issue” should be taken into account in RAN2 evaluation.
2.3.4 Impacts to RAN4 RRM requirements
Currently, RAN4 RRM requirements are following DRX cycles, for example:

· LTE intra frequency measurements. As per Table 8.1.2.2.1.2-1 and Table 8.1.2.2.1.2-2 in TS 36.133, when DRX cycle length is 2.56s, UE shall be able to identify a new detectable intrafrequency cell within 20*2.56s and measure 8 identified intrafrequency cells within 5*2.56s. 

· Radio link monitoring. As per Table 7.6.2.2-1 in TS 36.133, when DRX cycle length is 2.56s, the Qin evaluation period and Qout evaluation period for UE should be less than 5*2.56s.

If extended DRX cycle is used, the cell identification period and measurement period will be extended accordingly. For stationary devices, in theory, it is possible to relax the current requirements on cell identification and measurement to some extent. Nevertheless, in order to make sure that stationary devices could still react to the radio environment change in time, the trade-off between UE power saving and mobility robustness should be considered.

Similarly, if extended DRX cycle is used, for the RRM requirements on radio link monitoring, the trade-off between UE power saving and radio link reliability should be considered.
Companies are invited to answer the following questions:

1) Whether RAN4 should be involved before RAN2 determine how long the extended DRX cycle will be.

2) Whether RAN2 need to send an LS to RAN4, and in the LS what question should be asked by RAN2.

Table 8: Comments on impacts to RAN4 RRM requirements
	Company
	Comments

	ZTE
	1) RAN4 should be involved at some point in time, but not necessarily during the study phase in RAN (which is still expected to be concluded by September). This can be left to the work item phase (if extended DRX cycles will be part of it).
2) No need to send a LS to RAN4 during RAN2#83.

	Samsung
	Since the extended DRX would affect current RRM measurements, RAN4’s view will be also needed at some point in time. But we agree with ZTE.

	CATT
	Agree with ZTE.

	Fujitsu
	We agree with ZTE.

	Orange
	Agree that RAN4 has to be involved at some point in time.

	InterDigital
	Agree with ZTE

	Huawei, HiSilicon
	Technically, RAN4 should be involved to assist RAN2 to make a decision. If RAN2 agrees to extend the DRX cycle up to a particular value (e.g. 10.24s), however from RAN4 point of view, UE has to perform the cell (re-)selection procedure before each paging occasion and uplink transmission, or UE has to wake up and perform measurement for several times during one paging cycle, then UE power consumption gain will be compromised and might not justify the complexity.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Agree that there is RAN4 impact.

	Ericsson, ST-Ericsson
	Existing RAN4 RRM requirements are clearly impacted with extended DRX cycles; however we think that it is early to send an LS to RAN4 at this stage. The discussion is still in SI phase and we should be able to progress by company-internal coordination.

	NEC
	Agree with ZTE.

	MediaTek
	Agree with ZTE.

	Intel
	We agree with ZTE


Rapporteur’s summary:
Most companies agree there is RAN4 impact, however it is not necessary to send an LS to RAN4 during the study phase in RAN (which is still expected to be concluded by September).
Proposal 6: Regarding the impacts to RAN4 RRM requirements, it is not necessary to send LS to RAN4 during the study phase.
2.4 Power saving state for devices
Solution “power saving state for devices” is described in section 7.1.3.3 of TR 23.887 v1.0.0. Note the solution was further clarified in the last SA2 meeting.
This solution allows the UE to move to a power saving state, after an active time period starting when the UE transits to idle state. During the power saving state, the UE remains attached and also all active PDP/PDN connections remain established on UE and network side. The UE stops performing any AS (cell/RAT/PLMN selection) and NAS (MM) procedures. The UE is reachable for DL data during the time that the UE is in RRC/S1 connected state plus the active time period during which the UE is reachable for paging. The UE wakes up - going back to idle state - when it has UL data pending or when it needs to perform periodic registration (RAU and TAU) procedures.
Figure 2 is the diagram of the solution from AS perspective. Note that no new RRC state is required for the “power saving state”, and the UE will still stay in RRC IDLE state but with AS functionality deactivated. 
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Figure 2: power saving state for devices
Companies are invited to put the qualitative analysis for solution “power saving state for devices” into Table 9, starting with “[company name]”.

Table 9: Qualitative analysis for solution “power saving state for devices”
	Applicability
	[ZTE] [Huawei, HiSilicon] Applicable to all UEs/applications that don’t require being always reachable.
[Samsung] Applicable.
[Fujitsu] UE with highly infrequent data transmission and UEs only with MO traffic or UEs that can always tolerate traffic with longer access delays for MT services, in the order of the period of TAU.
[IDCC]Applicable to infrequent data transmission and UEs only with MO traffic supporting both mobile and stationary devices
[ALU] Application based, UE can negotiate with the network with the applicable of dormant state. Not applicable to services with DL instant paging.
[Ericsson] [ITRI] Idle mode; UEs that can always tolerate traffic with longer access delays for MT services in the order of periodic TAU timer value, relatively infrequent data (e.g. several minutes or more).
[Intel] UE with MO only traffic and/or UEs with extreme delay tolerance for MT traffic.

	Impacts to radio protocols
	[ZTE] [IDCC] The introduction of a “Power Saving State” might not require the introduction of a new explicit RRC state. However, transitions within the RRC idle state (to the Power Saving sub-state - e.g. due to timer expiry -and back - e.g. due to MO data or periodic TAU timer expiry) need to be defined.
[Samsung] defining new transition procedure with a new timers.
[Fujitsu] Agree with Samsung. 
[Huawei, HiSilicon] [ITRI] No new RRC state is required for the “power saving state” (i.e. still in RRC IDLE state). The active timer is maintained in NAS layer. Once the active timer expires, NAS layer will deactivate AS layer, and then any AS functions (i.e. paging monitoring, SIB acquisition, measurement and cell (re-) selection) will be stopped, until NAS layer activates AS layer again. 
[ALU] There is minimal specification impact other than to define the subset of functions executed by the UE in power saving state.  How this is modelled and exact the transitions to and from this state can be discussed later but we don’t expect much impact from that in RAN specifications.
[Ericsson] No or minor impact is expected if a new RRC state is not needed and transitions within the idle state can be done with NAS signalling. But more study on the UE model and the potential impacts is needed.
[Intel] We wonder if it would be cleaner to have a new RRC state as now UEs within RRC_IDLE will have different behaviors

	Impact on Mobility
	[ZTE] [Huawei, HiSilicon] [ITRI] The UE doesn’t perform any network selection/reselection when in  Power Saving State.
[Samsung] [Intel] After waking up, UE should perform cell selection.
[Fujitsu] When UE enter into power saving state, mobility is not supported due to cell (re)selection not being performed
[IDCC] No idle mode mobility during power saving state (UE stops cell/RAT/PLMN reselection and NAS procedures). When UE is back to RRC idle (i.e. out of power saving state), then it has to perform cell evaluation and possibly cell (re-)selection.
[ALU] Mobility is supported but not in power saving state.
[Ericsson] Cell reselection mechanism would not be performed when the UE is in power saving state. UE executes cell selection at wake up.

	Impacts to S1/Iu signalling
	[ZTE] [Intel] Signaling needed from MME/SGSN to UE to set the Active timer. Negotiation/confirmation of UE/network capability of this functionality.
[Samsung] agree with ZTE
[Fujitsu]Agree with ZTE
[IDCC] [Huawei, HiSilicon] [ITRI] No S1/Iu interface signalling is impacted. We believe Active Time configuration will be handled by NAS signalling,
[ALU] While we haven’t discussed the details, the basic solution can work without impact on S1/Iu interface signalling.  Further optimisations may be possible and can be discussed later.

[Ericsson] The UE has to indicate to the MME its power saving state capability, the active time it intends to use etc. No impact is expected if this is done by NAS signalling.
[NEC] Agree with ZTE. In addition from SA2 TR s7.1.3.3.2: “The MME/SGSN includes the remaining time period of the active timer in the paging message. […] if the remaining active time is provided, the eNBs/RNCs select a proper PO within the time received from the MME. If they failed to find one, the eNBs/RNC stop the paging procedure in the RAN.”

	Impact to network implementation
	[ZTE] [Intel] The network needs to recognize this specific UE capability and set the Active timer to the UE. The network might need to keep track that the UE moved to the Power Saving State, e.g. to suppress paging.
[Samsung] agree with ZTE
[Fujitsu] [Intel] Support of protocol extensions to enable negotiation of capability of power saving state. Support of new state transition mechanism
[IDCC] [Huawei, HiSilicon] MME needs provide the length of “active timer” & periodic TAU timer to the UE so that the network is aware of UE reach-ability and adapts the implicit detach timer accordingly
[ALU] While we haven’t discussed the details, the basic solution can work without impact on RAN network.  Further optimisations may be possible and can be discussed later.
[Ericsson] The network should know whether the UE is power saving state capable and monitor the UE if configured until it becomes active due to UL traffic or periodic TAU timer expiry. When the UE is in power saving state and not reachable, the network should not waste any resources to contact the UE, i.e. paging. The UE can be reached i.e. via SMS, which can be delivered when the UE wakes up as it remains active for the active time after contacting the network.

The MME/SGSN has to recognize the power saving state, be able to configure the UE accordingly and set the reachable timer to a defined time period that the UE is reachable after signalling connection release.

The HSS to application signalling may be extended to provide timing information.
[NEC] Agree with ZTE.

	Impact to UE implementation
	[ZTE] Significant UE impacts with a new ECM/RRC state (or sub-state within RRC idle)
[Samsung] UE impact with a new ECM mode, i.e. new ECM-DORMANT state, and a few new timers. For example, a timer to indicate time from connection release (IDLE) to power saving state, and a timer to indicate time until wake-up.
[Fujitsu] Support of protocol extensions to enable negotiation of capability of power saving state. Support of new state transition mechanism
[IDCC] Based on SA2 description of solution, the UE stays in ECM_IDLE. UE specification will need to be updated to capture procedures to transition in and out of power saving state, or new RRC sub-state needs to be implemented.
[Huawei, HiSilicon] No new ECM state and RRC state are required. UE stays in ECM_IDLE and RRC IDLE state.
[ALU] We see a small impact on UE AS implementation with regard to not performing all the functions associated with Idle mode today.
[Ericsson] [MediaTek]The UE has to negotiate the use of the power saving state and the periodic TAU timer with the MME. There might be some other impacts due to the new state, i.e. within the idle state, and/or additions for activating and deactivating NAS and AS based on power saving conditions.
[Intel] UE impacts due to potential ECM/RRC state procedure changes, and maintaining new timers.

	Impact on UE Power Consumption
	[ZTE] UE power consumption may decrease significantly due to the power saving state.
[Samsung] [MediaTek]ssimilar with extended DRX approach.
[Fujitsu] UE power saving due to the introduced power saving state
[IDCC] UE power consumption may decrease significantly.
[Huawei, HiSilicon] Significant power consumption gain due to longer period of inactivity.
[ALU] We expect to see significant power reduction as UE is not performing the functions in Idle and it is equivalent to power-off.
[Ericsson] [MediaTek] [ITRI] UE power savings due to longer sleep periods in “power saving state”.
[NEC] Agree with Samsung.

[Intel] Power saving may be similar to very long extended DRX in idle mode solution

	Impact on UE performance
	[ZTE] [Intel] DL initiated transfers might experience large delays (or be discarded) due to impossibility to receive paging messages while in the Power Saving state.
Also UL initiated transfers might suffer latency since the UE may move out of the original cell/RAT/PLMN while in Power Saving state and then needs to re-perform the cell/RAT/PLMN selection/reselection.
[Fujitsu] Agree with ZTE
[IDCC] [MediaTek] This solution should be targeted for UE running applications that are aware of UE reachability window, otherwise large delays may be observed in downlink.
[Huawei, HiSilicon] [ITRI] Longer access delays for MT services.
[ALU] Agree with ZTE.
[Ericsson] [MediaTek] Longer access delays for MT services. There may be delays for MO traffic if UE needs to perform cell (re)selection procedure when in active time due to mobility.


Rapporteur’s summary:
Companies’ views on the qualitative analysis of this solution are arranged in R2-132395.
Proposal 7: Agree the TP on the qualitative analysis of solution “power saving state” in R2-132395.
Companies are also invited to provide your view on the solution “power saving state for devices”, e.g. whether it is a preferred solution (Yes/No and why).
Table 10: Companies view on solution “power saving state for devices”
	Company
	Comments

	ZTE
	The introduction of a Power Saving state could be easier than defining extended DRX values, while at the same time being characterized by similar benefits (e.g. in terms of power consumption) and drawbacks (e.g. in terms of applicability/impacts on latency).

	Samsung
	We don’t prefer this solution since new schemes somewhat different from current specification and complexity in NW side is expected.

	CATT
	It seems that a new state needs to be introduced separately in NAS layer and AS layer for “Power Saving state” solution.

	Fujitsu
	We share Samsung’s view.

	Orange
	Yes, it is a preferred solution. It could be used instead of extending DRX cycles over 10.24s. The power saving gains would be similar/the same with smaller impacts on the system and specifications.

	InterDigital
	Power saving state can be a good solution to optimize power consumption. The power saving with this solution may be greater than that with eDRX.

	Huawei, HiSilicon
	Yes, power saving state is a preferred solution, and it has several advantages comparing to the extended DRX cycle solution, e.g. less specification impacts (especially if extended DRX cycle >10.24s) and more power consumption gain.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Yes. There is significant power savings with minimal complexity in the RAN network or UE.

	Ericsson, ST-Ericsson
	We do not have any strong views about this solution at the moment, but we’d like to check it further in detail.

	NEC
	We agree with Samsung.

	MediaTek
	We agree with Samsung.
We agree this solution can save power, however, it also faces the same mobility issue as extended DRX. The only difference is the mechanism is implemented in NAS. With the similar TAU timer and MO traffic, the gain is expected to be smaller than extended DRX since UE always has to wake up for several paging before active timer expire.

	ITRI
	Yes, it is a preferred solution. We think the introduction of “power saving state” could have less standard impact.

	Intel
	Neutral. Power saving state may be more suitable for devices with very long duration of inactivity and can tolerate unreachability. Additionally, the proposed optimizations to deactivate AS may also be performed while the UE is in extended DRX cycle to bring down the power consumption.


Rapporteur’s summary:
8 companies think this solution is a good solution (ZTE, Orange, InterDigital, Huawei, HiSilicon, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, ITRI).
4 companies don’t prefer this solution (Samsung, Fujitsu, NEC, MediaTek).
4 companies are neutral at the moment (Ericsson, ST-Ericsson, Intel, CATT).
Proposal 8: For solution “power saving state”, further analysis is needed.
3 Conclusion

In this email discussion, we discussed how to progress the RAN2 evaluation on UEPCOP.
The summary for each topic is provided under the corresponding section.
RAN2 is kindly asked to discuss the following proposals:

Proposal 1: Agree the TP for the UE power consumption model in R2-132394. 

Proposal 2: Regarding the power consumption caused by system information acquisition and cell (re-)selection for the extended DRX cycle solution, evaluate the best case and the worst case separately.

Proposal 3: For extended DRX cycle <=10.24s, estimates the power consumption gain more precisely before final decision is made.
Proposal 4: For extended DRX cycle >10.24s, further analysis of the UE power consumption gain vs standardization impact is needed.

Proposal 5: Discuss whether the “TCP issue” should be taken into account in RAN2 evaluation.
Proposal 6: Regarding the impacts to RAN4 RRM requirements, it is not necessary to send LS to RAN4 during the study phase.
Proposal 7: Agree the TP on the qualitative analysis of solution “power saving state” in R2-132395.
Proposal 8: For solution “power saving state”, further analysis is needed.
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