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1 Introduction

In RAN#65, a new SI on Small Data Transmission Enhancements for UMTS was approved [1], one of its objectives is to consider extended DRX cycle as potential power saving solutions:
	· Device power saving enhancements (for example extended DTX/DRX cycles**) (RAN1 RAN2)


In RAN2#88, some agreements for power saving enhancements were captured in [2], as below:

	Power saving enhancements 

· Study the feasibility of longer DRX up to 40 seconds.  Power saving enhancements will not be applicable to CELL_DCH state.  FFS for what other states these enhancements will be applicable to.  

· The impact of UE measurements on power consumption for UEs performing longer DRX operation should be taken into account. 


In this paper, we first provide two possible solutions about extended DRX cycle, then list some impact on RAN4 requirement, finally, discuss how UE in extended DRX cycle can read system information.
2 Discussion

2.1 Current DRX mechanism
Using DRX can save UE power, the current DRX mechanism is described as below:
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Figure 1: Current DRX mechanism
The current mechanism can be summarized in seven steps:
1. RNC broadcasts specific DRX cycle length coefficient for each CN domain to UE [3].
2. When UE connects to network, RNC will send UTRAN DRX cycle coefficient to UE via dedicated signalling, e.g. RRC CON SETUP [3].
3. UE monitors paging occasion with the shortest of the DRX cycles that it gets from step 1 and 2 [4].
4. UE negotiates its specific DRX parameter with CN through ATTACH/RAU message [5].
5. If the DRX parameter was included in ATTACH REQUEST message, the network shall replace any stored DRX parameter with the received parameter and use it for the downlink transfer of signalling and user data [5].
6. The CN sends a PAGING message, which shall contain the IE “DRX Cycle Length Coefficient” (if available) [6].
7. When the DRX Cycle length Coefficient is applicable, the UTRAN shall use it for calculating the paging occasions and paging the UE [6].
2.2 Solutions for Extended DRX
Referencing the current DRX mechanism above, there could be two solution options for extended DRX cycle:

· Solution 1: UE based
Similar to the current DRX mechanism, RAN and CN give their extended DRX cycle lengths respectively, and UE will select the shortest. Also, the maximum value in related IE “DRX cycle length coefficient” (in [3], [4] and [6]) and IE “DRX parameter” (in [5]) should extend from 9 to 12, assuming “DRX cycle length” is extended to 40.96s. 

· Solution 2: network based
Considering the fact that the intention is to allow a longer DRX for small data transmission UEs, we could see that there is no need for the UE to select a shorter DRX length, hence another way is to just configure an longer (extended) DRX for small data transmission UEs to use.
· RNC decided
RNC determines the final DRX cycle length for the UE, assuming RNC knows that this UE could be set with a longer DRX. In this case,, there is no need for the UE to select the shortest DRX value while just follow what RAN configures for small data transmission.
· CN decided
In this case, CN will determine the final DRX cycle length for the UE, assuming CN knows that this UE could be set with a longer DRX.
Comparing the two solutions, we could see that, UE based mechanism is simpler, as it just re-uses the legacy way with DRX length extension, but there is an obvious drawback, i.e. UE could not enjoy longer DRX as long as CN DRX length is shorter, while network based solutions avoid such drawback. For network based solutions, RNC based solution is simpler since less spec impact is foreseen.
Proposal 1: it is proposed RAN2 to discuss the mechanisms on extended DRX for small data transmission UEs.
2.3 Impacts on RAN4 requirements
Currently, some RAN4 requirements relate to DRX cycle, for example, in measurement of serving cell and intra/inter-frequency cells UE shall support all DRX cycle lengths in 25.133 table 4.1:
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)
	TmeasureTDD [s] (number of DRX cycles)
	TevaluateTDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)
	0.64 (4)
	2.56 (16)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)
	1.28 (4)
	5.12 (16)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)
	1.28 (2)
	5.12 (8)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)
	1.28 (1)
	6.4 (5)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 
	2.56 (1)
	7.68 (3) 
	7.68 (3)

	5.12
	1
	5.12 (1)
	10.24 (2)
	5.12 (1)
	10.24 (2)
	10.24 (2)


If extended DRX cycle is up to 40s,  whether it is enough for UE to perform only one time measurement for serving cell evaluation and cell re-selection  during this prolong period should be carefully evaluated by RAN4.
Proposal 2: it is proposed RAN2 to ask RAN4 to evaluate impacts on measurements brought by extended DRX cycle.

2.4 Impacts on System Information change Reading
Upon change of system information, network should repeat the modification notification to UEs in idle, URA_PCH and CELL_PCH state in all paging occasions during the period of the longest DRX cycle in the cell, i.e. for massive amount of small data devices, network may have to repeat the paging occasions during the whole extended DRX cycle, e.g. 40s. Thus, legacy UEs will be forced to read the repeated modification notification for each paging occasion within the longest DRX cycle, which will cost remarkable power.
Observation 1: Longer DRX cycle will cost additional power consumption to legacy UEs under the case of system information modification.

Another alternative is that such UE with extended DRX would not monitor system information modification via paging so that legacy UE would not be impacted. Thus such UE may need to read the whole or part of system information (i.e. MIB) when waking up from the DRX cycle, which will cost more power from reading system information. Figure 4 below tries to give a simple quantitative estimation of power consumption based on the working assumption in [7], in which “Reading Paging” means UE should monitor paging to judge whether SI modification is happening after waking up, and “Reading MIB” means to read MIB directly. It shows in the figure that power consumption with reading paging is less than reading MIB with all listed DRX cycles. Furthermore, there would be no battery saving gain compared with legacy DRX cycle configuration in any extended DRX cycle up to 40.96s.  The detail for calculation of power consumption can be seen in the Annex.
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Figure 4: Legacy UE power consumption with different DRX cycle lengths
Observation 2: No battery would be saved if UE with extended DRX up to 40.96s always acquire MIB when it wakes up from DRX. 

Another issue is, if HS-DSCH transmission under CELL_FACH and CELL_PCH state is supported in a cell, BCCH modification info would be transmitted on the HS-PDSCH to UE in CELL_PCH with dedicated H-RNTI and CELL_FACH via BCCH specific RNTI. If we assume the UE with extended DRX will use HS-DSCH transmission under CELL_FACH and CELL_PCH, the system information change indication would be send via HS-SCCH+HS-PDSCH through the whole DRX cycle i.e. up to 40.96s. According to the current specification, once UEs supporting HS-DSCH transmission in CELL_FACH and CELL_PCH state detect BCCH specific RNTI in HS-SCCH, it will not try to decode its own dedicated H-RNTI. In other words, downlink data towards legacy UEs supporting HS-DSCH transmission in CELL_FACH and CELL_PCH can’t be scheduled during the whole DRX cycle.

Observation 3: Longer DRX cycle will impact the data reception of legacy E-FACH UEs and E-PCH UEs with dedicated H-RNTI assigned under the case of system information modification.
Taking the analysis above into account, we would like RAN2 to discuss these potential issues to legacy UEs under the case of system information:
Proposal 3: it is proposed RAN2 to discuss the possible negative impacts on legacy UEs under the case of system information modification if extended DRX cycle is introduced.
3 Conclusion
This paper tried to have a general discussion on extended DRX cycle, including possible solution options, possible RAN4 impacts and negative impacts on legacy UEs, some proposals were given as below:
Proposal 1: it is proposed RAN2 to discuss the mechanisms on extended DRX for small data transmission UEs.
Proposal 2: it is proposed RAN2 to ask RAN4 to evaluate impacts on measurements brought by extended DRX cycle.
Proposal 3: it is proposed RAN2 to discuss the possible negative impacts on legacy UEs under the case of system information modification if extended DRX cycle is introduced.
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5 Annex

In this section, come model parameters were provided to calculate power consumption, see table 1. Also, the calculated results of power consumption for 24 hours is provided, see table 1 as below:
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
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 and TsendData_UL.
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	2.5 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. Here the value is 2.5 which is average of 1 and 4 unit/ms. It applies during TsendData_DL.
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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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	0ms
	20ms if UE doesn’t move to a new cell.
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	10 or 80 ms


	10ms for reading paging
80ms for reading MIB
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.

	TsendData_DL
	0ms
	No downlink data need to send.

	TsendData_UL
	0ms
	No uplink data need to send.


Table 2: UE power consumption
	DRX Cycle length (s)
	Reading Paging (unit)
	Reading MIB (unit)

	5.12
	1031063
	2200500

	10.24
	947531
	1532250

	20.48
	905766
	1198125

	40.96
	884883
	1031063
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