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1. Introduction
At RAN2#78, a set of new agreements were achieved for the UE battery saving feature: Rel-11 enhanced FACH DRX operation. Furthermore, other relevant detailed issues are still being under email discussion with [78#32], where the Rel-11 Cell_FACH sub-state machine is supposed as indicated by figure 1 below:
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Figure 1: Rel-11 Cell_FACH sub-state machine
In case no UE specific DL data is to be scheduled by NB and no DL data is to be received by UE for certain period of time, then both NB and UE get synchronized for either FACH 1st or 2nd DRX status; in case any UL or DL data is to be transmitted, then both NB and UE exit FACH 1st or 2nd DRX status immediately regardless of the data amount.
With more and more diversified applications with small data running in the smart phone, above simplified FACH sub-state model shall display some deficiency at UE battery consumption. In this contribution, we shall point out those deficiencies and propose practical improvement.
2. Discussions
Within Rel-8 introduced IE “HS-DSCH DRX in CELL_FACH information” in 25.331, there is one magic Boolean IE “DRX Interruption by HS-DSCH data” to indicate whether the FACH DRX operation can be interrupted by HS-DSCH data scheduling/reception or not. However, this IE is always set to TRUE according to spec., so that the FACH sub-state machine is simplified for the sake of easier status synchronization between NB and UE, and lower data transmission latency.
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Figure 2: UE always transits back to FACH continuous RX status directly
As illustrated in Figure 2, even if the to be scheduled data block is quite small e.g. the number of needed TTI is smaller than Rx burst size, UE shall still transit back to continuous RX status and monitor another period of T321 (N*100ms) continuously in order to enter FACH DRX status again. If NB orders UE at the end of data block, then UE shall stay in FACH DRX status for more battery saving purpose as illustrated in Figure 3 below.
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Figure 3: UE stays in FACH DRX status
For applications with sporadically DL small data but little UL data or L1 feedbacks, the UE battery gain out of above improved behaviour shall be significant, as UE skips lots of continuous monitoring of T321. For Rel-11 FACH 1st and 2nd DRX operation, the above improvement is also applicable as illustrated in Figure 4/5/6 below, where UE may immediately transit back to 1st DRX status firstly with the help of NB’s order. Note: in principle, NB can order UE to stay in FACH 2nd DRX status as well, but this shall lead to bigger latency. FACH 1st DRX status provides much lower battery consumption than continuous RX status as well as acceptable latency if configured properly.
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Figure 4: UE always transits back to FACH continuous RX directly
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Figure 5: UE transits to FACH 1st DRX status with 2nd RX burst alone covering the data block
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Figure 6: UE transits to FACH 1st DRX status with 1st RX + 2nd RX burst together covering the data block

The demerits of above behaviour are to introduce a bit more data transmission latency as well as NB DRX status control effort, but they are marginal compared with those brought by other features.
Proposal 1: To allow Rel-11 UE not transit back to FACH Continuous RX status with small DL data for more battery saving purpose.
Since Rel-8, whenever any UL data is to be transmitted by UE in FACH DRX status at random timing point, UE should enter FACH continuous RX status immediately, as for either RACH or Common E-DCH transmission, UE needs to perform preamble procedure and keep monitoring AICH for some period between 10ms and 100ms averagely. For applications with few UL data volume, which can be even carried by single MAC-c PDU, it would make sense for UE to stay in FACH DRX status as well for battery saving purpose (“DRX Interruption by HS-DSCH data” is set to FALSE?).  Similarly for UE already in FACH 2nd DRX status, it would lead to lots of battery waste if UE always enters FACH continuous RX status with transmission of single MAC-c PDU as illustrated in Figure 7; for more UE battery saving purpose, it would make sense if UE immediately transits back to FACH 1st DRX status firstly and also delay MAC-c PDU transmission for one 1st DRX cycle as illustrated in Figure 8 below.
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Figure 7: UE always transits back to FACH continuous RX directly
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Figure 8: UE transits to FACH 1st DRX status with delayed MAC-c transmission

Proposal 2: To allow Rel-11 UE to stay in FACH 1st DRX status with single UL MAC-c PDU transmission for more battery saving purpose.
As once discussed in email [78#32], the Rel-11 FACH enhanced DRX operation is supposed to couple with FACH enhanced UL, so if the “Common E-DCH system info” is not broadcasted by NW, the Rel-11 FACH enhanced DRX capable UE can not perform either FACH 1st or 2nd DRX operation. In contrast, Rel-8 FACH normal DRX operation is not coupled with FACH enhanced UL. On one hand, we do not see particular linkage between Rel-11 FACH enhanced DRX with FACH enhanced UL, as they are independent features; on the other hand, NW may deactivate FACH enhanced UL feature for any reason, e.g. UL interference control, so above artificial dependency may impact group of UEs enjoying the FACH enhanced DRX operation normally.
Proposal 3: To allow NW to configure Rel-11 FACH enhanced DRX without Rel-8 FACH enhanced UL.
In Rel-11, UE may be R99 PRACH fallback capable, so even if "Common E-DCH system info" is configured by NW, common E-DCH transmission does not always come into play for each UE. Hence upon receiving R99 PRACH fallback indication for CCCH/DCCH, UE had better be allowed to stay in FACH 1st DRX status as well. In case the subsequent common E-DCH access is succeeded, UE shall transit to FACH continuous RX status per legacy behaviour.
Proposal 4: To allow Rel-11 UE to stay in FACH 1st DRX status if R99 PRACH fallback indication is received.
3. Conclusions
In this contribution, we provided thoughts about further battery saving for small data transmission in Cell_FACH state, and would kindly ask RAN2 to consider following proposals:
Proposal 1: To allow Rel-11 UE not transit back to FACH Continuous RX status with small DL data for more battery saving purpose.

Proposal 2: To allow Rel-11 UE to stay in FACH 1st DRX status with single UL MAC-c PDU transmission for more battery saving purpose.

Proposal 3: To allow NW to configure Rel-11 FACH enhanced DRX without Rel-8 FACH enhanced UL.
Proposal 4: To allow Rel-11 UE to stay in FACH 1st DRX status if R99 PRACH fallback indication is received
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