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Introduction
GERAN specifications defines two modes of operation for mobile station in idle mode, namely non-DRX mode and DRX mode [1]

 REF _Ref301264117 \r \h 
[2].  In non-DRX mode mobile station monitors all blocks on it’s common control channel. This mode allows the mobile station to receive new assignment message for downlink data transfer with minimal delay. In DRX mode mobile station monitors only the radio blocks on the common control channel corresponding to it’s paging channel [3]. This mode allows the mobile station to conserve battery but it introduces delay in network being able to start downlink data transfer. There are number of reasons defined in [2] for mobile to enter non-DRX mode but this paper only considers Transfer non-DRX mode.
The duration of Transfer non-DRX mode is a minimum of DRX-TIMER-MAX and NON-DRX-TIMER. NON-DRX-TIMER-MAX is broadcast in GPRS Cell Options while NON-DRX-TIMER is determined by mobile station manufacture and is signaled by the mobile station to the network via GMM procedures [3]. The duration of Transfer non-DRX mode is a compromise between power consumption in the mobile station and the time it takes for the network to establish a downlink TBF. 
In DRX mode mobile station monitors it’s own paging block at minimum every 470ms and at worst every 2118ms and this is controlled by broadcast information (assuming SPLIT paging cycle not used) [1]

 REF _Ref301265800 \r \h 
[3].  Therefore if NON_DRX_TIMERS is se to 0 then it can take up to 480ms for network to send an assignment for downlink TBF for the shortest paging cycle. This can lead to poor performance for bursty applications. If mobile station chooses a non 0 value for NON_DRX_TIMER then it would be wasting power monitoring un-necessary downlink radio blocks.

Proposal
The proposal is to define a new non-DRX mode that combines the best features of both DRX mode and Transfer non-DRX mode. With this new Transfer non-DRX mode (lets call it Semi Transfer non-DRX mode) mobile station monitors the radio block corresponding to it’s paging block index on every 51-multiframe for a duration of time. The duration of time can be the NON-DRX-TIMER or alternatively a new SEMI-NON-DRX-TIMER could be defined.

The benefit of Semi Transfer non-DRX mode is that it allows downlink TBF to be established with at most 235ms delay while it increases power consumption by significantly lower amount than with current Transfer non-DRX mode. Estimate of power consumptions with the legacy modes and the new modes are shown in Table 1.
Table 1 Estimate of power consumption increase compared to non-DRX mode
	Paging Cycle
	Mode

	
	DRX
	Transfer non-DRx
	Semi Transfer non-DRx

	
	
	Non-combined CCCH
	Combined CCCH
	

	2
	X2
	20* X2
	6* X2
	4* X2

	3
	X3
	30* X3
	9* X3
	6* X3

	4
	X4
	40* X4
	12* X4
	8* X4

	5
	X5
	50* X5
	15* X5
	10* X5

	6
	X6
	60* X6
	18* X6
	12* X6

	7
	X7
	70* X7
	21* X7
	14* X7

	8
	X8
	80* X8
	24* X8
	16* X8

	9
	X9
	90* X9
	27* X9
	16* X9

	Note: Xi represents power consumption with paging cycle i.

Note2: Transfer non-DRX and Semi Transfer non-DRx modes assume 1 BCCH block read on every 51-multiframe.


In DRx mode power consumption Xi is dependent on paging cycle and it is such that X2 > X3> X4 … > X9. In Transfer non-DRX and Semi Transfer non-DRX modes power consumption is independent of the paging cycle. For Transfer non-DRX and Semi Transfer non-DRX modes the power consumption estimate excludes the FCCH, SCH and IDLE frames from the 51-multiframes. It is also assumed that to receive one radio block mobile is required to receive exactly 4 frames.
The specification changes required to introduce Semi Transfer non-DRX mode is as follows:

· Add indication in GPRS cell options to signal to the MS that BSS supports Semi Transfer non-DRX mode as shown in Table 2 and Table 3. Table 2 is for the case where the existing NON-DRX-MAX timer is used by the network while Table 3 is for the case where a different NON-DRX-MAX timer is defined for mobile stations supporting SEMI-TRANSFER-NON-DRX-MODE.
Table 2 GPRS Cell Options information element [2]
	

	{
-- Rel-11 extension:

< SEMI_TRANSER_NON_DRX_MODE : bit > }


< spare bit > ** } // ;
SEMI_TRANSER_NON_DRX_MODE (1 bit field)
This field indicates whether the cell supporting Semi Transfer non-DRX mode
0
The cell does not support Semi Transfer non-DRX mode.
1
The cell supports Semi Transfer non-DRX mode


Table 3 GPRS Cell Options information element with new max timer value [2]
	

	{
-- Rel-11 extension:

< 0 | 1 SEMI_TRANSER_NON_DRX_TIMER_MAX : bit(3) > }


< spare bit > ** } // ;
SEMI_TRANSER_NON_DRX_TIMER_MAX (3 bit field)
The presence of this field indicates that cell supports Semi Transfer non-DRX mode.
0 0 0 
1 sec

0 0 1 
2 sec

0 1 0  
4 sec

0 1 1 
8 sec

1 0 0 
16 sec

1 0 1 
32 sec

1 1 0 
64 sec

1 1 1 
128 sec


· Add indication in MS Radio Access Capability to signal that MS supports Semi Transfer non-DRX mode
Table 4 MS Radio Access Capability Information Element [4]
	

	-- Additions for release 11:

< SEMI_TRANSER_NON_DRX_MODE : bit >;
SEMI_TRANSER_NON_DRX_MODE (1 bit field)
This field indicates whether MS supports Semi Transfer non-DRX mode
0
MS does not support Semi Transfer non-DRX mode.
1
MS supports Semi Transfer non-DRX mode


The existing non-DRX timer parameter defined in [4] can be used to signal the duration of Semi Transfer non-DRX mode. The issue with this would be that for cells that do not support Semi Transfer non-DRX mode then mobile stations would be forced to use the legacy Transfer non-DRX mode. This may not be desirable as this could increase idle mode power consumption significantly as shown in Table 1. It may be more desirable to introduce a new timer value for this new mode. This means introducing a new information element in [4] and the new information element is carried by ATTACH REQUEST and ROUTING AREA UPDATE REQUEST messages.
Table 3 New IE to be added to GMM messages [4]
	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	xx
	DRX parameter2
	DRX parameter2
10.5.5.6
	O
	TV
	2


Table 3 Definition of Non-DRX timer 2 [4]
	8
	7
	6
	5
	4
	3
	2
	1
	

	DRX parameter IEI
	octet 1

	Spare
	Non-DRX timer 2
	octet 2


The specific values for Non-DRX timer 2 can be same as those defined for Non-DRX timer in [4] or as proposed in Table 3.
An alternative approach to using GPRS Cell options to signal networks capability for Semi Transfer non-DRX mode is for the network to instruct the mobile station within RLC/MAC control messages to use Semi Transfer non-DRX mode. The advantage of using RLC/MAC control message to tell the mobile station to use Semi Transfer non-DRX mode is that the network can decide on application basis if Semi Transfer non-DRX mode is more appropriate or the legacy Transfer non-DRX mode is more appropriate. For example if GPRS is being used for a service such as IM then response time from the other end is quite slow hence Semi Transfer non-DRX mode can be more appropriate. If on the other hand GPRS is being used for a service where response time is much quicker than one multi-frame then legacy Transfer non-DRX mode may be more appropriate. The example coding of the indication shown in Table 2 or Table 3 can be added as a Release 11 extension to appropriate downlink RLC/MAC control messages (such as Packet Uplink Ack/Nack, Packet Uplink Assignment message, Packet Downlink Assignment message, Packet Timeslot Reconfigure message etc). Mobile station may signal it’s support for Semi Transfer non-DRX mode in MS Radio Access Capability as shown in Table 4.
Conclusion 

This paper proposes a new non-DRX mode called Semi Transfer non-DRX mode that allows faster downlink TBF assignments while minimizing power consumption in the mobile station. The preferred approach is:

· mobile station indicates support for Semi Transfer non-DRX mode in MS Radio access capability

· network to signal the timer duration for this mode in GPRS Cell options

· Network to signal to the mobile station in Packet Uplink Ack/Nack or packet assignment messages if mobile station should enter Semi Transfer non-DRX mode upon leaving packet transfer mode if mobile station indicated support for Semi Transfer non-DRX mode.

This approach would not require changes to NAS signaling messages and all changes are limited to 3GPP GERAN specifications except capability indication.

This feature will provide benefits for smart phone applications hence it is proposed to introduce this into Release 11.
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