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1. Introduction
At RAN2#77bis, a set of new agreements were achieved for the interaction between Rel-8 and Rel-11 FACH DRX operations as below, where the stage 3 detailed issues are still under discussions.
Agreements:
If the UE support DRX feature in Rel-8 and DRX feature in Rel-11, the network will decide which one to configure (if any). There will be no impact on Rel-8 DRX feature when we define Rel-11 DRX feature.
The network could broadcast parameters of both features. In that case: legacy UEs that support Rel-8 DRX feature shall use the Rel-8 DRX feature. UEs that support the Rel-11 DRX feature shall use Rel-11 DRX. 

Stage 3 details are FFS


The network should be allowed to configure the same parameters values for Rel-8 DRX and the first DRX cycle of Rel-11 DRX.

The functionality of the first DRX in REl-11 DRX will be exactly the same as Rel-8 DRX, only some parameter values (FFS) will be allowed to be added.

Stage 3 details are FFS

For Rel-11 FACH DRX operation, besides the extension of FACH DRX cycle length, some other improvement aspects have been proposed such as: shorten the length for a new inactivity evaluation period T3xx < 100ms; reduce the Rx burst length < 10ms etc. In this contribution, we shall continue the discussions regarding the interaction between Rel-8 and Rel-11 FACH DRX operation as well as aforementioned improvement aspects.
2. Discussions
In 25.331, subclause 10.3.6.36g, the Rel-8 IE “HS-DSCH DRX in CELL_FACH information” captures the parameters for Rel-8 FACH DRX operation as below:
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	T321
	MP
	
	Enumerated (100, 200,  400, 800)
	Determines the time the UE waits until initiating DRX operation, in ms.
	REL-8

	HS-DSCH DRX cycleFACH
	MP
	
	Enumerated (4, 8, 16, 32)
	Determines the length of the DRX Cycle during DRX operation, in frames
	REL-8

	HS-DSCH Rx burstFACH
	MP
	
	Enumerated (1, 2, 4, 8, 16)
	Determines the period within the DRX Cycle that the UE continuously receives HS-DSCH, in frames.

Three spare values are needed
	REL-8

	DRX Interruption by HS-DSCH data
	MP
	
	Boolean
	TRUE means that the DRX operation can be interrupted by HS-DSCH data.

FALSE means that the DRX operation cannot be interrupted by HS-DSCH data
	REL-8


It has been proposed by some company that it would be more efficient for Rel-11 NW to provide a new fully packed IE e.g. “New HS-DSCH DRX in CELL_FACH information”, including both FACH 1st DRX and 2nd DRX parameters for Rel-11 FACH DRX operation. The main merit of such design is to decouple completely the relationship between Rel-8 FACH DRX and Rel-11 FACH 1st DRX operation, so Rel-11 UE may enjoy even more battery gain with completely new Rel-11 FACH 1st DRX configurations. On the other hand, its demerit is to introduce some kind of signalling overhead in SIBs, as Rel-11 FACH 1st DRX parameters may duplicate with most of those already existing for Rel-8 FACH DRX. 
Following the legacy philosophy for designing UMTS features, it is more sensible to reuse the existing signalling whenever possible for the same functional goal, unless the new signalling can provide significant incremental gains. In our mind, Rel-11 FACH 2nd DRX operation anyway provides much more battery gain than the Rel-11 FACH 1st DRX operation, hence the additional battery gain obtained from Rel-11 FACH 1st DRX should appear marginal even though it outperforms Rel-8 FACH DRX. Hence, from battery gain viewpoints, it would be more efficient to make Rel-11 UE dormant quickly into and stay in FACH 2nd DRX status as longer as possible, instead of improving the performance of Rel-11 FACH 1st DRX.
Proposal 1:  To make Rel-11 UE dormant quickly into and stay longer in FACH 2nd DRX status. Rel-11 UE performs FACH 1st DRX operation according to configurations from Rel-8 IE “HS-DSCH DRX in CELL_FACH information”.
Rel-11 UE in Cell_FACH state may stay in three sub-states or status: Continuous RX, 1st DRX and 2nd DRX. The Cell_FACH sub-state machine can be formulated in Figure 1below, with which we shall discuss following four improvement aspects.
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Figure 1: Cell_FACH sub-state machine
Improvement aspect 1: Logically, it seems sensible for UE to dormant step by step as indicated by T3xx Option 1 in Figure 1, e.g. upon expiry of T3xx, UE shall transit from 1st DRX to 2nd DRX status as consequence; however, based on some eDDA simulation results output, it was observed that the bursty characteristics of many FACH applications prevent UE from entering “more dormant” DRX status efficiently or frequently, Such phenomena leads to unnecessary UE battery waste in Continuous RX or 1st DRX status. Therefore, it has been proposed that Rel-11 FACH DRX support smaller inactivity evaluation period. By configuring a new timer T3xx with smaller value than that of existing T321, UE in DL transmission inactivity shall transit to FACH 2nd DRX directly and more quickly as indicated by T3xx Option 2 in Figure 1. By such means, the battery gain of FACH 2nd DRX can be maximized.
Proposal 2:  The new T3xx can be configured with smaller or equal value to that of T321, so that UE can transit to FACH 2nd DRX directly based on T3xx. If T3xx is configured with larger value than T321, it shall be ignored by UE.
Improvement aspect 2: it was also observed that even though UE enters FACH DRX successfully, the commonly configured Rx burst length for HS-DSCH reception may be more sufficient than what is needed for NB’s scheduling. Such phenomena may lead to unnecessary UE battery waste as well. Therefore, it has been proposed that Rel-11 FACH DRX (both 1st DRX and 2nd DRX) support smaller Rx burst length. With that idea, smaller Rx burst length should be configured for both Rel-11 FACH 1st DRX and 2nd DRX respectively. However, from the freedom of NB’s scheduling and UE battery saving viewpoints, smaller Rx burst length can be equivalently replaced by longer DRX cycle. E.g. theoretically, [DRX cycle length = 40ms + Rx burst length = 2ms] can be equivalently replaced by [DRX cycle length = 200ms + Rx burst length = 10ms] in terms of NB’s scheduling freedom and UE battery saving, except that UE is receiving its data with different latency for different DRX cycle length. In addition, smaller Rx burst length often challenges the NB’s scheduling accuracy and the reliability of UE’s reception. Therefore, it seems less sensible to introduce smaller Rx burst length for Rel-11 FACH 1st DRX, but worth considering for shorter Rx burst length for FACH 2nd DRX status with confirmation from RAN4.
Proposal 3: Rel-11 FACH 1st DRX does not need shorter Rx burst length, and Rel-11 FACH 2nd DRX may be configured with 4ms or 8ms Rx burst length with confirmation from RAN4.
Improvement aspect 3: For Rel-8 FACH DRX operation, the newly arrived DL data triggers UE transiting to Continuous RX status immediately, without possibility to stay in DRX status further; then a new inactivity evaluation period of T321 must be made later by UE in order to enter DRX status again. Following the same principle, UE in FACH 2nd DRX status may fallback to continuous RX directly as indicated by UL or DL transmission Option 1 in Figure 1. Such sub-state transition facilitates the synchronization of DRX status between NB and UE, but leads to unnecessary UE battery waste. With small amount of DL data transmission, UE in FACH 2nd DRX status may transit to FACH 1st DRX status firstly as indicated by DL transmission Option 2 in Figure 1. Such sub-state transition keeps UE in FACH DRX status as longer as possible and would bring UE more battery gain. In case UE in FACH 1st DRX still receives its data, then it shall transit immediately to continuous RX per Rel-8 legacy behaviour. NW may need to indicate whether above transition is allowed or not. One key issue occurs here: what’s the trigger for the sub-state transition from FACH 1st DRX to 2nd DRX. In order to maximize the UE battery gain, we propose: if UE is inactive for one 1st DRX cycle in FACH 1st DRX status, it shall transit to FACH 2nd DRX status as consequence. Figure 2 below illustrates the legacy sub-state transition scheme, while Figure 3 illustrates the newly proposal. Note: not reflected strictly in Figure 2, either T321 or T3xx takes much bigger value than DRX burst length, hence the unnecessary T3xx evaluation period leads to significant UE battery waste.    
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Figure 2: UE always transits to FACH continuous RX directly

[image: image3]
Figure 3: UE is allowed to transit to FACH 1st DRX status firstly

Proposal 4: UE in FACH 2nd DRX status is allowed to transit to FACH 1st DRX firstly, without always transiting to FACH Continuous RX status. UE shall transit to FACH 2nd DRX status when being inactive for one FACH 1st DRX cycle. 
With above new proposals, the new Cell_FACH sub-state machine can be formulated in Figure 4 below:
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Figure 4: Rel-11 Cell_FACH sub-state machine Alt 1.
Improvement aspect 4: as further optimization, an fourth FACH sub-state: “FACH 2nd DRX with shorter Rx burst” status can be introduced on top of Figure 4 as indicated in Figure 5 below, where it shares the same DRX cycle length as FACH 2nd DRX status, but takes small value for Rx burst length. In case UE is in FACH 2nd DRX status and inactive for one 2nd DRX cycle, it shall transit to “FACH 2nd DRX with shorter Rx burst” status, so can enjoy even more battery gain. The trigger for leaving “FACH 2nd DRX with shorter Rx burst” status is the same as that for FACH 2nd DRX status.
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Figure 5: Rel-11 Cell_FACH sub-state machine Alt 2.
Proposal 5: For further battery saving, UE may transit to FACH 2nd DRX with shorter Rx burst status when being inactive for one FACH 2nd DRX cycle. 

Based on aforementioned proposals, we propose following new Rel-11 IE “HS-DSCH Additional DRX in CELL_FACH information” for Rel-11 FACH DRX operation:

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	T3xx
	MP
	
	Enumerated (50, 100,  150, 200)
	Determines the time the UE waits until initiating 2nd DRX operation, in ms. 
	REL-11

	HS-DSCH 2nd DRX cycleFACH
	MP
	
	Enumerated (16. 32, 64, 128, 256, 512)
	Determines the length of the DRX Cycle during 2nd DRX operation, in frames. Note: 2nd DRX cycleFACH should be set to larger value than DRX cycleFACH inherited from Rel-8.
	REL-11

	HS-DSCH 2nd Rx burstFACH
	OP
	
	Enumerated (1, 2, 4, 8, 16)
	Determines the period within the 2nd DRX Cycle that the UE continuously receives HS-DSCH, in frames. If not included, UE shall reuse the HS-DSCH Rx burstFACH. inherited from Rel-8.
	REL-11

	HS-DSCH Shorter Rx burstFACH
	OP
	
	Enumerated (0.4, 0.8)
	Determines the period within the 2nd DRX Cycle that the UE continuously receives HS-DSCH, in frames. If included, it implies UE support 4th status in Cell_FACH state.
	REL-11

	Fallback to 1st DRX allowed
	MP
	
	Boolean
	TRUE means that UE in 2nd DRX status is allowed to be transited back to 1st DRX status firstly.
FALSE means that UE in 2nd DRX status is always transited back to FACH Continuous RX status.
	REL-11


Proposal 6: To introduce new Rel-11 IE “HS-DSCH Additional DRX in CELL_FACH information” as above.
3. Conclusions
In this contribution, we provided further thoughts about Rel-11 FACH DRX operation, and would kindly ask RAN2 to consider following proposals:
Proposal 1:  To make Rel-11 UE dormant quickly into and stay longer in FACH 2nd DRX status. Rel-11 UE performs FACH 1st DRX operation according to configurations from Rel-8 IE “HS-DSCH DRX in CELL_FACH information”.
Proposal 2:  The new T3xx can be configured with smaller or equal value to that of T321, so that UE can transit to FACH 2nd DRX directly based on T3xx. If T3xx is configured with larger value than T321, it shall be ignored by UE.
Proposal 3: Rel-11 FACH 1st DRX does not need shorter Rx burst length, and Rel-11 FACH 2nd DRX may be configured with 4ms or 8ms Rx burst length with confirmation from RAN4.
Proposal 4: UE in FACH 2nd DRX status is allowed to transit to FACH 1st DRX firstly, without always transiting to FACH Continuous RX status. UE shall transit to FACH 2nd DRX status when being inactive for one FACH 1st DRX cycle. 

Proposal 5: For further battery saving, UE may transit to FACH 2nd DRX with shorter Rx burst status when being inactive for one FACH 2nd DRX cycle.

Proposal 6: To introduce new Rel-11 IE “HS-DSCH Additional DRX in CELL_FACH information” as above.
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