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1 Background
In RAN2#89 it was agreed to study the following DRX mechanisms:
· We will study long/extended DRX in both idle and connected mode. For Idle mode, we should focus on delta compared to Rel-12, e.g. pros&cons vs PSM, impacts on legacy.

· We will study long/extended DRX for CELL/URA_PCH

· We will study long/extended DRX (above 5 sec and also above 40sec). Exact range is FFS

In this contribution a solution for a DRX larger than 40 seconds in Idle mode and PCH state, referred to as extended DRX (eDRX), is studied.
2 Discussion
2.1 General considerations
The Paging Occasions in the legacy DRX are based on the SFN (0..4095). With a DRX beyond 40 seconds a new “super-frame” structure would need to be introduced to uniquely identify paging occasions beyond 40 seconds. To avoid extending the SFN range a timer based solution is proposed. In this solution the UE is alternating in either a sleep period (Tsleep) or a DRX period (TDRX) when the UE is not receiving or transmitting data. When the sleep timer expires the UE starts the DRX timer and starts listening according to the legacy DRX cycles: 
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When the UE is in the Sleep period (e.g. deep sleep mode) the UE is not reachable. In the DRX period the UE listens to the legacy Paging Occasions to enable reception of incoming data: 
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Two options are identified when to start the eDRX timers:

· TDRX is started when the UE enters Idle mode (or PCH state).

· TDRX is synchronized with a common time reference (e.g. GPS reference time or Network Time Protocol) and started when e.g. {(Time+IMSI) modulo (TDRX+Tsleep)} is zero.

It is important to note that in the timer based approach the UE and network (RAN, CN) are synchronized w.r.t. the DRX period and the UE is only paged during the DRX period. 

Proposal 1: Study a timer based solution for eDRX, with a Sleep period (Tsleep) and a DRX period (TDRX) where the UE is only paged, according to the legacy DRX, when it is in the DRX period.
To enable a battery life time of several years the device should be allowed to sleep for a long period, e.g. up to an hour. It is noted that the eDRX values (i.e. Tsleep) do not necessarily have to increase exponentially due to the timer based approach, i.e. suitable values can be determined as needed. Furthermore the eDRX should be bigger than the legacy DRX of 5 sec. It is proposed to study an eDRX in this range, but leave the exact parameter range (i.e. the minimum and maximum values) to be determined later:
Proposal 2: Study an eDRX range of [> 5 s, < 1 h] in Idle mode and PCH state.

When the UE is sleeping the UE is not reachable for downlink data. Uplink traffic can be initiated at any point in time though, and most small data traffic scenarios are assumed to be initiated by the device (e.g. to report some information). But in case of downlink initiated data transmissions there may be a long delay, and obviously a long DRX only works for delay tolerant applications. There are two principle options how to handle the delay:
1. Buffer the downlink data in the network (RAN, CN) until the device is in DRX and can be reached.
2. Inform the source (e.g. application server) when the UE is in DRX, such that downlink is only send when the UE is in DRX and can be reached.
Possible solutions for the second option are studied in REL-13 SA2 study item FS-HLCOM [1]. Whether the second option will substantialize is unclear at this point in time, thus in any case the network should be able to buffer the DL data. However it would be good to keep a possible synchronization with outside application server in mind when studying the eDRX solution.
2.2 NAS signalling
SA2 has discussed and captured in their technical report a signalling framework for extended DRX in Idle mode that is based on NAS signalling [2]. Therefore it is proposed to negotiate the DRX and Sleep periods in NAS signalling for Idle and Connected mode. The UE can indicate a preferred TDRX and Tsleep period. The SGSN replies with the configured TDRX and Tsleep period. The Sleep and DRX periods are common for Idle mode and PCH state: 
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2.3 Idle mode

The SGSN buffers DL data until the DRX period of the device starts and the device can be paged. The eDRX handling in Idle mode is transparent for the RAN:
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Proposal 3: Study an eDRX solution in Idle mode that is transparent to RAN, i.e. SGSN buffers incoming data and pages the UE only when it is in DRX. 
When the Iu connection is established the SGSN informs the RAN about the negotiated eDRX parameters. The RAB assignment request is used as an example, but other options may exist as well (e.g. common ID). The RAN may then configure eDRX (i.e. DRX and Sleep period) in PCH state via dedicated RRC signalling. Only when the RAN has configured eDRX parameters via dedicated signalling eDRX in PCH state is used (eDRX in Idle mode is used when the UE and CN have negotiated eDRX parameters). The RAN may also configure a longer CELL UPDATE or URA UPDATE timer to prevent interruption of the sleep period (i.e. a dedicated timer overriding the timer broadcasted in system information).
2.4 PCH state

When downlink data arrives in the SGSN for the UE in connected mode, the SGSN forwards the data to the RNC (similar as in legacy). The RNC stores the downlink data until the DRX period of the UE starts, and the UE can be paged:  
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Proposal 4: Study an eDRX solution in PCH state where the data handling is transparent to SGSN, i.e. RNC buffers incoming data and pages the UE only when it is in DRX.

2.5 Uplink data

The device may initiate uplink data at any point in time in Idle mode and PCH state. Uplink data transmissions are independent from the eDRX configuration. Below the uplink data transmission in case of Idle mode is depicted:
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2.6 Comparison of eDRX and PSM in Idle mode
To monitor reception of downlink data Power Save Mode (PSM) has a clear disadvantage compared to extended DRX because the UE has to switch to connected mode (to find out there is no downlink data to receive in most cases). This increases the power consumption. 
Observation 1: Assuming a similar RAU timer and extended DRX cycle length PSM has a significant disadvantage compared to extended DRX to monitor data reception because with PSM the UE has to switch to connected mode to check for downlink data.

To send uplink traffic there is not a big difference between PSM and extended DRX in Idle mode i.e. in both cases there is NAS signalling and the UE has to switch to connected mode to transmit the data. However when PSM is compared with extended DRX in Connected mode, then there is a significant difference, because with extended DRX in Connected mode the UE can initiated uplink data transmissions without any or with much less signalling overhead compared to PSM (dependent on the Connected mode scenario that is assumed). For example in CELL_PCH with seamless transition to CELL_FACH and in CELL_FACH there is no signalling prior to uplink data transmission. Similar observation can be made for downlink data from the network. 
Observation 2: Uplink data transmission performance with PSM and extended DRX in Idle mode is similar (although not identical).

Observation 3: The performance of uplink and downlink data transmission with extended DRX in Connected mode is significantly better compared to PSM because there is less signalling overhead.

It is noted that similar analysis and observations have been made in LTE [3], [4] and GERAN [5]. 

3 Summary

RAN2 is kindly asked to discuss the eDRX solution: 

Proposal 1: Study a timer based solution for eDRX, with a Sleep period (Tsleep) and a DRX period (TDRX) where the UE is only paged, according to the legacy DRX, when it is in the DRX period.

Proposal 2: Study an eDRX range of [> 5 s, < 1 h] in Idle mode and PCH state.

Proposal 3: Study an eDRX solution in Idle mode that is transparent to RAN, i.e. SGSN buffers incoming data and pages the UE only when it is in DRX. 

Proposal 4: Study an eDRX solution in PCH state where the data handling is transparent to SGSN, i.e. RNC buffers incoming data and pages the UE only when it is in DRX.
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