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1 Introduction
The intention of this email discussion is to come to an agreeable TP capturing both outcomes on extending DRX and access control in PCH states to RAN2-89bis. 
The input for this email discussion are the TPs submitted to RAN2#89: 

R2-150286 Text Proposal for Access Control enhancements


Ericsson

R2-150506 TP on Access Control for massive small data transmission devices
Huawei, HiSilicon

R2-150284 Text Proposal for Power Saving enhancements


Ericsson 

R2-150503 TP on Extended DRX cycle





Huawei, HiSilicon

2 Discussion
<Start of Text Proposal>
6.3
Support of massive number of devices

Due to the low activity level of devices with small data applications, it is possible to support a large number of devices in the network based on the average load. With a large number of low activity devices in the network, there is a danger that they might try to access the network all at the same time. This may for example be triggered by some external events, inadvertent scheduling in the devices, or the restarting of some network nodes. Simultaneous instant accesses of a large number of devices may create severe congestion in the network and large disturbances to other traffic. Therefore there is a need to control the potential access of large number of (small data) devices. 
The access control features available in the different RRC states are listed in table 6.1-1: 

Table 6.1-1: Access control features available in the different RRC states
	RRC state
	Access control

	Idle mode
	ACB, DSAC, PPAC, EAB

	CELL_PCH (without seamless transition to CELL_FACH)
	-

	CELL_PCH (with seamless transition to CELL_FACH)
	Access Groups based access control, DSAC, PPAC, EAB

	URA_PCH
	-

	URA_PCH (with seamless transition to CELL_FACH)
	-

	CELL_FACH
	Access Groups based access control, DSAC, PPAC, EAB


In CELL_PCH without seamless transition to CELL_FACH, and in URA_PCH the UE initiates CELL UPDATE with cause "uplink data transmission" when the UE wants to transmit data in the uplink. There is no control of this type of access triggered by uplink data transmissions. Furthermore Access Group based access control is not available for URA_PCH with seamless transition to CELL_FACH.

6.3.1 Background and Scenarios

According to the traffic characteristics of small data transmission, there is a risk that there may be a huge number of concurrent data transmission requests within a short period, which may lead to a high congestion probability and large latency for other traffic.

In Release 12, the Work Item: Further EUL Enhancements has already discussed the improvement of access control mechanisms. The Access Group scheme was introduced to control DTCH data transmission of CELL_FACH state and CELL_PCH state with seamless transition.

However, the access control of URA_PCH state or CELL_PCH state without seamless transition were not considered. When there are massive devices in these states, the negative impact still exists. Therefore, the access control scheme for URA_PCH state or CELL_PCH state without seamless transition should be considered.

For PCH state without seamless transition, the analysis can be divided into several scenarios. These scenarios include:

· case 1: UL data activity (Cell Update with cell update cause “uplink data transmission” and Establishment cause not included
) 

· case 2: UL data activity (Cell Update cases with cell update cause “uplink data transmission” and Establishment cause included)

· case 3: URA update (only URA_PCH state)

· case 4: Cell Update (only Cell_PCH, Cell Update cases with Cell Update cause “cell reselection”, “periodical cell update”)

Considering case 3 and case 4, the uplink transmission is used to keep synchronization with the network to avoid the call drop; therefore it should not be controlled with access control mechanisms.

For case 2, this can be controlled by the DSAC scheme, which can work well. 

Currently, the UL data transmission in case 1 can be rejected by Cell Update Confirm message including the IE Wait time. The DTCH data transmission is also blocked after the Cell Update procedure. Therefore, the Cell Update procedure cannot be controlled through this mechanism.

The number of Cell Update signaling will be large when massive small data transmission is taken into account, and it will make the overload of the RNC even worse.

Therefore, an access control mechanism should be studied to control the Cell Update procedure for uplink DTCH data transmission, when the UE does not support seamless URA_PCH or CELL_PCH state transition.
6.3.2
 Access control in CELL_PCH and URA_PCH without seamless transition to CELL_FACH

The Access Group based access control feature enables flexible access control in CELL_FACH and CELL_PCH with seamless transition to CELL_FACH. A UE can be configured to a certain Access Group and access of an Access Group can be controlled in a dynamic way (access group rotation) during periods of congestion. 

The Access Group based access control feature can be extended to also apply when seamless transition from CELL_PCH or URA_PCH to CELL_FACH is not supported. Thus CELL UPDATEs with cause "uplink data transmission" that are triggered by data transmissions on DTCH are prohibited when the Access Group assigned to the UE is blocked. 

6.3.3
 Access control in URA_PCH with seamless transition to CELL_FACH

The Access Group based access control feature available in CELL_PCH can be introduced in URA_PCH with minor impact by re-using SIB24, i.e. making SIB24 available in URA_PCH. 

6.4
Device power saving enhancements


Power consumption is critical for small data devices and it may even determine the device's lifetime, due to the relative high cost involved in exchanging the battery. But even for devices with an external power source low power consumption may be desirable to save energy. 
Currently, the maximum DRX cycle length in Idle, PCH and FACH state is 5.12 seconds. For devices supporting small data transmission, the power consumption is quite critical and current DRX scheme is not sufficient to achieve significant power saving, thus the following mechanisms are further studied:

· Long DRX Cycle up to 40.96 seconds
6.4.1 Long DRX Cycle up to 40.96 seconds
In this solution, the maximum DRX cycle, decided by UE side or network side, is prolonged to 40.96 seconds for small data transmission devices to save more power.

6.4.1.1 Performance evaluation
In the current spec, the maximum DRX cycle length in Idle mode, CELL_PCH, URA_PCH and CELL_FACH (with second DRX) is 5.12 seconds. In this section the power savings with a long DRX up to 40.96 seconds is evaluated, assuming that the UE will follow the legacy mechanism, i.e. the system information will be updated timely and UE will wake up for at least 10ms to monitor signal from network side in every DRX cycle. 

The main modem activities in DRX are depicted in Figure 6.4.1-1: 
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Figure 6.4.1-1: DRX activities. 
It takes some time for the UE to wake-up before it can start monitoring the PICH for incoming pages and system information modification change. During PICH monitoring the UE can perform intra-frequency measurements. In case the UE needs to perform inter-frequency or inter-RAT measurements then an additional radio on time is needed for that. Subsequently the UE can go to sleep mode again (i.e. ramp-down the radio). 

Based on the power saving model in Annex A the power consumption in the different phases (ramp-up/down, PICH monitoring, inter-frequency measurements and sleep mode) and the battery lifetime can be calculated: 

	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	Inter-freq   (mA)
	Sleep         (mA)
	Total          (mA)
	Life time (weeks)
	Life time   (year)

	320
	1,5625
	1,5625
	0,4688
	0,4328
	4,0266
	3,7
	0,07

	640
	0,7813
	0,7813
	0,2344
	0,4664
	2,2633
	6,6
	0,13

	1280
	0,3906
	0,3906
	0,1172
	0,4832
	1,3816
	10,8
	0,21

	2560
	0,1953
	0,1953
	0,0586
	0,4916
	0,9408
	15,8
	0,30

	5120
	0,0977
	0,0977
	0,0293
	0,4958
	0,7204
	20,7
	0,40

	10240
	0,0488
	0,0488
	0,0146
	0,4979
	0,6102
	24,4
	0,47

	20480
	0,0244
	0,0244
	0,0073
	0,4990
	0,5551
	26,8
	0,52

	40960
	0,0122
	0,0122
	0,0037
	0,4995
	0,5276
	28,2
	0,54


Furthermore the relative power consumption figures (of the total power consumption) can be calculated:  

	DRX cycle  (msec)
	Ramp-up (%)
	PICH frame (%)
	Inter-freq (%)
	Sleep (%)

	320
	39%
	39%
	12%
	11%

	640
	35%
	35%
	10%
	21%

	1280
	28%
	28%
	8%
	35%

	2560
	21%
	21%
	6%
	52%

	5120
	14%
	14%
	4%
	69%

	10240
	8%
	8%
	2%
	82%

	20480
	4%
	4%
	1%
	90%

	40960
	2%
	2%
	1%
	95%


Based on this simple power consumption model, and the understanding of the power consumption components when in DRX, the following observations can be made:

Observation 1: With a long DRX up to 40.96 seconds the power consumption during sleep time becomes the dominating factor of the power consumption, i.e. determines the battery lifetime. 

Observation 2: With a long DRX up to 40.96 seconds the battery lifetime is increased 40% compared to the power consumption with the maximum legacy DRX of 5 seconds. 

Observation 3: A battery life time in the order of years is not achievable unless the UE can go down to an ultra-low power consumption level (deep sleep mode).

Observation 4: With a long DRX up to 40.96 seconds the power consumption for inter-frequency or iRAT measurements becomes small (relative to the sleep power consumption).

To obtain an impression of the impact of traffic on the power consumption, the Small Data traffic figures (see Table 1 chapter 5), together with estimates of the duration to transmit 100 bytes of data have been used. In this case it was assumed that the UE is in CELL_PCH with seamless transition to CELL_FACH. It was assumed that the UE requires 100 ms in CELL_FACH to transmit to the data, and subsequently is switched back into CELL_PCH (DRX) after 2 seconds: 

	Traffic intensity
	Tx duration (mA)
	Return DRX (mA)
	Total transmit (mA)
	Total transmit (%)

	Every minute
	0,1667
	1,6667
	1,8333
	348%

	Every hour
	0,0028
	0,0278
	0,0306
	6%

	Every day
	0,0001
	0,0012
	0,0013
	0%

	Every month
	0,0000
	0,0000
	0,0000
	0%


From these figures it can be observed that the small data traffic has no significant impact on the power consumption, unless it is more frequently sent than every hour. In case the traffic intensity is every minute, the traffic is likely to drain the battery. 
Observation 5a: When small data traffic is sent every minute or more frequently the impact of traffic is significant on the battery life time. 

Observation 5b: When small data traffic is sent less frequently than every hour the impact of traffic on the battery life time is small. 

6.4.1.2 Impact on legacy and new UEs
With the introduction of long DRX up to 40.96s, the behaviour for legacy UE may be impacted, especially due to system information update. This section provides an analysis on such impacts focussing on two aspects: update the system information through paging and when waking up from long DRX cycle.

· Update the system information through paging
The RNC should inform the devices with long DRX cycle the modification time of system information through paging or BCCH specific H-RNTI.

Thus, the legacy UEs will be required to receive the paging message in every cycle till the RNC stops sending system information modification in the cell, which will lead to additional power consumption for legacy UEs.

In case HS in CELL_FACH is used, the UE is required to monitor the BCCH specific HRNTI to receive paging for system information change. When the BCCH specific HRNTI is scheduled the UE is not able to receive dedicated or common HRNTI, i.e. downlink data transfer is prohibited. Downlink data transfer is thus prohibited for at least the duration of the long DRX cycle length in case there is a system information change. Normal paging in CELL_FACH uses PAGING TYPE 2 message. 

· Update the system information when waking up from long DRX cycle

Devices with long DRX cycle can check whether the system information has been modified through reading MIB upon waking up from long DRX cycle. In this case, the devices will consume additional power, compared to legacy UEs (i.e. when waking up from legacy DRX, the UE is not required to check the MIB). The maximum time for obtaining MIB is 80ms; since the MIB scheduling is known by the UE, the UE may still go to sleep when waiting for the MIB to be scheduled. 
In summary, with a long DRX up to 40.96 seconds there is either an impact on legacy UEs (due to additional paging message reading) or on UEs in long DRX (due to additional MIB reading). 
<Text omitted>
Annex A: Power consumption model

To assess the potential power savings with a long DRX cycle up to 40.96 seconds the following reference model is used: 

Table 6.4-1: Power consumption model
	Aspect
	Value
	Unit

	Battery:
	
	

	AA lithium 3.6 V
	2.5
	Ah

	Power consumption:
	
	

	Rx
	50
	mA 

	Tx 
	50
	mA 

	Sleep mode (DRX)
	0.5
	mA 

	Deep sleep mode (PSM)
	0.05 (– 0.005)
	mA 

	Ramp-up/down 
	25
	mA 

	Small Data Traffic (TS 25.705):
	
	

	Packet size UL
	100
	bytes

	Packet size DL
	100
	bytes

	Frequency (high)
	60
	seconds (every minute)

	Frequency (medium high)
	3600
	seconds (every hour)

	Frequency (medium low)
	86400
	seconds (every day)

	Frequency (low)
	2628000
	seconds (every month)

	Durations:
	
	

	PICH monitoring
	10
	msec

	Ramp-up
	14
	msec

	Ramp-down
	6
	msec

	Intra-frequency measurements
	10
	msec

	Inter-frequency/iRAT measurements (30% of wake-ups)
	10
	msec


Sleep mode is the power consumption level during sleep time in DRX. Deep sleep mode is the power consumption level during sleep time in PSM mode. The power consumption during sleep time is dependent on the UE implementation, and not directly coupled to the sleep duration: 

Sleep mode: RTC clock is running, synchronization is maintained, memory is maintained, UE performs "continuous" measurements when waking up, mobility is maintained, etc.

Deep sleep mode: Coarse (less accurate) RTC clock is running, synchronization is lost, UE needs to perform measurements "from scratch" when waking up (potentially making use of stored history information to improve measurement delays, however the UE may have moved), mobility is not maintained, RAN4 measurement requirements do not apply/exist, requires longer time to wake-up, etc.

The power consumption model does not claim to be accurate in every detail, and variation in modem implementations and use cases do exist. However the model aims to capture the main components in the correct order of magnitude. 

<End of Text Proposal>
3 Summary

The input for the email discussions were the TPs submitted to RAN2#89. The rapporteur prepared a merged version of the TPs, such that it can be included in section 6.3 “Support of massive number of devices” and 6.4 “Device power saving enhancements” of TR 25.705 (v1.0.0) submitted to RAN#67 for information. Several companies provided feedback and comments, which were included in an updated TP. It is the understanding of the rapporteur that the clean version of the TP in chapter 2 is an agreeable version capturing the outcome of Small Data from RAN2#89. 

It is proposed to send an LS to RAN1 (primary work item leader) and ask RAN1 to include this TP in TR 25.705:

Proposal 1: Ask RAN1 in an LS to include the TP in chapter 2 in TR 25.705. 

A draft LS is prepared for information. 
� NAS control signalling may use Cell Update message with ”uplink dat transmission” but without Establishment cause, which should be allowed when UL data is prohibited. 
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