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1 Background
1.1 RAN2#76
In the context of UE battery life improvements and signaling reduction [1] several other contributions have been discussed in RAN2#76 [2], [3], [4], [5], [6], [7], [8]. Two approaches were discussed in particular:

· Proposal 1: Introduce 2nd DRX cycle in CELL_FACH [2], [3]
· Proposal 2: Discuss whether there is sufficient support to introduce an additional solution for battery saving and signaling reduction (e.g. autonomous transition CELL_PCH) [4], [5], [6], [7], [8]
It was agreed to introduce a 2nd DRX cycle in CELL_FACH, and continue to work on other options [9]:
Agreements:

Introduce 2nd DRX cycle in CELL_FACH. The solution will include at least the re-use DRX length values of the CELL PCH state and the intention is to keep the measurement requirement the same as for CELL PCH (up to RAN4).

RAN2 will keep working on other options.

The two above are not mutually exclusive.

The detailed design and stage 2 & stage 3 CRs for the 2nd DRX cycle in CELL_FACH need to be discussed in RAN2 yet [10]. 
In this contribution details for a second DRX cycle in CELL_FACH are proposed.
1.2 Enhanced UE DRX
First a short recap of the Enhanced UE DRX feature in Rel-8: the UE enters DRX in CELL_FACH state based on uplink and downlink transmission activity:
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The Enhanced UE DRX parameters, listed in the table below, are broadcasted in SIB5/5bis:

	Parameter
	Comment

	Inactivity timer T321
	Determines the time the UE waits until initiating DRX operation, in (100, 200,  400, 800) ms

	HS-DSCH DRX cycleFACH
	Determines the length of the DRX Cycle during DRX operation (40, 80, 160, 320) ms

	HS-DSCH Rx burstFACH:
	Determines the period within the DRX Cycle that the UE continuously receives HS-DSCH, in frames (10, 20, 40, 80, 160) ms


When the UE signals support of HS-DSCH DRX operation (in CELL/URA UPDATE message and IE "Physical channel capability"), and has dedicated H-RNTI assigned, and the cell indicates support in SIB5/5bis in IE “HS-DSCH DRX in CELL_FACH Information”, then the UE enters autonomously DRX operation after inactivity of up- and downlink traffic, as depicted in the figure below:
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A UE supporting Enhanced UE DRX does not necessarily support common E-DCH. But When the UE supports common E-DCH and has E-RNTI assigned, the DRX is interrupted when the UE sends uplink data on E-DCH (i.e. the UE enters continuous reception). Otherwise the DRX is not interrupted when the UE sends uplink data on RACH. Dependent on "DRX Interruption by HS-DSCH data" Boolean in SIB5/5bis downlink HS data interrupts DRX operation in UE. When "DRX Interruption by HS-DSCH data" is FALSE, the UE and cell shall support common E-DCH to enable DRX in CELL_FACH.
2 Discussion
The maximum DRX cycle length (HS-DSCH DRX cycleFACH = (40, 80, 160, 320) ms) is insufficient to provide good battery consumption for UE residing in CELL_FACH state.
Proposal 1: Introduce a second HS-DSCH DRX cycle in CELL_FACH supporting longer DRX cycle length compared to HS-DSCH DRX cycleFACH. 
UE residing in CELL_FACH state should have similar power consumption as in Idle mode and URA_PCH/CELL_PCH states. Therefore it is proposed to allow DRX up to 5 seconds, similar as in Idle mode and URA_PCH/CELL_PCH states:

Proposal 2: The second HS-DSCH DRX cycle has a value range similar to Idle mode and URA_PCH/CELL_PCH states, i.e. (640, 1280, 2560, 5120) ms. 
The "radio on" duty percentage, determined by cycle length, Rx burst size and inactivity timer, determines the first order impact on power consumption. 
The Rx burst size determines the period the UE shall continuously receive HS-DSCH. The minimum HS-DSCH Rx burstFACH in Rel-8 is 10 ms. During the burst the UE typically performs intra-frequency measurements. When the UE has assigned a long DRX cycle (e.g. 2.5 or 5 sec), the UE has to perform intra-frequency measurements in every Rx burst to obtain good re-selection performance. However when the UE has a short DRX cycle (e.g. 40 or 80 ms) the UE does not necessarily need to perform intra-frequency measurements every Rx burst to obtain good mobility performance. Dependent on UE implementation, a minimum time is required to perform physical layer measurements (identification of a new cell and CPICH measurements).The UE could perform intra-frequency measurements for a certain percentage of Rx bursts, and even when the UE would require longer time to complete a single intra-frequency measurement during its wake-up period, i.e. the intra-frequency measurement takes longer time than the Rx burst, then still the radio on duty percentage can still be reduced and power consumption further improved. Therefore it is proposed to specify a shorter Rx burst size when the UE is configured with a short DRX cycle to further improve power consumption. It is proposed to consider an Rx burst size range of (2, 4, 8, 16) ms when UE is configured with a short DRX cycle.
Proposal 3: Introduce a shorter Rx burst size when the UE configured with a short DRX cycle length i.e. (2, 4, 8, 16) ms. 
The requirements for cell reselection and measurement reporting are determined by RAN4. The RAN4 requirements to detect new intra-frequency cells scale with cycle length and burst size when the Rel-8 DRX in CELL_FACH is used (section 8.4a.2.2 in 25.133). 
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The inter-frequency measurement requirement depend on the number of frequencies to measure on in the other RATs, and the “off-time” available from the DRX.

The RAN4 requirements for longer DRX cycle and shorter Burst Size have been discussed in RAN4. If the existing principles for Rel-8 measurement requirements are re-used with the proposed Rel-11 values for longer DRX cycle and shorter Burst Size, the detection and measurement latency would become unacceptably long. The detection and measurement latency needs to be bounded for good mobility performance, but to some extend the scaling with DRX cycle and Burst Size can be re-used [11], [12]. 
Proposal 4: After RAN2 has agreed on the possible values for the 2nd DRX cycle and shorter Burst Size, send an LS to RAN4 to capture the measurement requirements for these DRX configurations in CELL_FACH in 25.133.
It should be possible to configure the DRX scheme in CELL_FACH according to the expected traffic profiles e.g. smart phones. Typical traffic profiles for these type of phones exhibit a "session" type of behavior where there is short (and variable) communications between client and server, with longer (and variable) time between sessions. Data exchange between client and server during a session is request-response type, and determined by the end-to-end round trip time (50-100 ms). 
Example DRX scheme:

· Short Inactivity time to enter Short DRX (e.g. 10 ms)

· In Short DRX (e.g. DRX cycle length 40 ms) the client communicates with server (i.e. is waiting for response). The Short DRX allows a certain "responsiveness" to server replies, i.e. low latency while in DRX.
· After a longer inactivity the UE enters Long DRX (e.g. inactivity of 100 ms), i.e. when session is over. This inactivity timer should typically be longer than the round trip time. 
In the figure below the 2-level DRX operation is depicted. The UE enters Short DRX operations quickly after data inactivity, while it enters more slowly Long DRX after data inactivity. Both UL and DL data transmissions trigger interruption of DRX operation. 
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Figure 1: Further enhanced UE DRX.
A new Inactivity timer is introduced to enable a quick transition into "short DRX", i.e. DRX cycle similar to the existing Enhanced UE DRX. Then an Inactivity timer similar as T321 is used to trigger (a slower) transition in a "long DRX" using the new longer second DRX cycle. Data activity, i.e. UL and/or DL transmission trigger transitions into continuous reception of HS-DSCH. 
Proposal 5: Introduce a 2-level DRX scheme in CELL_FACH state where the UE autonomously switches DRX cycle using (shorter) Inactivity timer.

When the UE is engaged in a request-response type of communications on the Internet, the UE should be allowed to go into DRX when waiting for server reply, i.e. after 10 ms of inactivity. The latency in this exchange depends on the end-to-end round trip time and server response latency (e.g. typical range 50 – 100 ms). During these communications power consumption savings are possible to allow the UE to go into short DRX. 
Proposal 6: Introduce a new Inactivity timer for DRX in CELL_FACH to allow quicker transition into Short DRX.

Proposal 7: The new Inactivity timer for DRX in CELL_FACH has a value range (10, 50, 100, 200) ms.
A Rel-11 UE is likely to support common E-DCH Rel-8 feature. It is advantageous if both uplink and downlink traffic can interrupt the DRX operation in the UE. Therefore when the UE supports a 2nd DRX cycle CELL_FACH, then the UE shall also support common E-DCH.

Proposal 8: When UE indicates support for 2nd DRX cycle CELL_FACH, the UE shall also indicate support for common E-DCH. 

When the UE is configured with this enhanced DRX in CELL_FACH state, the power consumption becomes similar to PCH states. Therefore the same restrictions for sending Fast Dormancy requests should apply, i.e. the UE shall compare the 2nd DRX cycle length with the DRX cycle length in Idle mode. 

Proposal 9: UE shall not request Fast Dormancy when the used second DRX cycle in CELL_FACH is equal or longer than Idle mode.

When the UE supports ETWS with security, then reception of the security information in the ETWS PRIMARY NOTIFICATION WITH SECURITY message interrupts the (2nd) DRX operation in the UE. 

Proposal 10: ETWS reception interrupts 2nd DRX operation, i.e. continues HS-DSCH reception until ETWS security info is received, or T325 expires. 
In theory the UE could be optimally configured with DRX parameters based on the UE's traffic characteristics and performance requirements. However this would be complex to handle in the network, and general DRX parameter settings, as exemplified in this document, can be used for all UEs in the cell. 

Proposal 11: Further Enhanced UE DRX info is broadcasted in system information (and not conveyed in dedicated signalling). 
It is proposed to distribute the 2nd DRX of the UEs in the cell based on the HRNTI, in a similar way as is done with the existing DRX in CELL_FACH. 
Proposal 12: The (2nd) DRX operation of the UEs in the cell is distributed based on the HRNTI.
Due to shorter Inactivity timer values possible to enter short DRX, no need for further optimizations, such as "fast dormancy" type indications from UE, or HS-SCCH orders from NW, to enter DRX more quickly. 

3 Summary

RAN2 is kindly requested to discuss further Enhanced UE DRX.
Proposal 1: Introduce a second HS-DSCH DRX cycle in CELL_FACH supporting longer DRX cycle length compared to HS-DSCH DRX cycleFACH. 
Proposal 2: The second HS-DSCH DRX cycle has a value range similar to Idle mode and URA_PCH/CELL_PCH states, i.e. (640, 1280, 2560, 5120) ms. 

Proposal 3: Introduce a shorter Rx burst size when the UE configured with a short DRX cycle length i.e. (2, 4, 8, 16) ms. 
Proposal 4: After RAN2 has agreed on the possible values for the 2nd DRX cycle and shorter Burst Size, send an LS to RAN4 to capture the measurement requirements for these DRX configurations in CELL_FACH in 25.133.

Proposal 5: Introduce a 2-level DRX scheme in CELL_FACH state where the UE autonomously switches DRX cycle using (shorter) Inactivity timer.

Proposal 6: Introduce a new Inactivity timer for DRX in CELL_FACH to allow quicker transition into Short DRX.

Proposal 7: The new Inactivity timer for DRX in CELL_FACH has a value range (10, 50, 100, 200) ms.

Proposal 8: When UE indicates support for 2nd DRX cycle CELL_FACH, the UE shall also indicate support for common E-DCH. 

Proposal 9: UE shall not request Fast Dormancy when the used second DRX cycle in CELL_FACH is equal or longer than Idle mode.

Proposal 10: ETWS reception interrupts 2nd DRX operation, i.e. continues HS-DSCH reception until ETWS security info is received, or T325 expires. 

Proposal 11: Further Enhanced UE DRX info is broadcasted in system information (and not conveyed in dedicated signalling). 

Proposal 12: The (2nd) DRX operation of the UEs in the cell is distributed based on the HRNTI.
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