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Discussion
1. Introduction

In RAN#68, a WI on Small Data Transmission Enhancements for UMTS was approved (UTRA_SDATA_POWSAV) [1]. One of its objectives is to consider DRX enhancements as potential battery life saving solutions:
	· DRX enhancements in Idle mode: (RAN2, RAN3, RAN4)

· DRX extensions that are applicable for both beyond and within the SFN limit of 40.96 sec
· DRX enhancements in connected mode (i.e. CELL_PCH and URA_PCH) (RAN2, RAN3, RAN4)
· DRX extensions up to a limit subject to SA2 approval: 
· RAN2 should liaise with SA2 working with the WID “Extended DRX cycle for Power Consumption Optimization”and further evaluate the proposed extension taking into account the SA2 feedback.


We analyze the impacts of supporting DRX enhancements from the RAN2 point of view.
2. Idle mode
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. When DRX is used the UE needs only to monitor one Page Indicator, PI, in one Paging Occasion (PO) per DRX cycle. Figure A) below shows how the PO repeats once and only once during every DRX cycle
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Figure 1: DRX cycle length and PO relation
From [5], the DRX cycle length shall be MAX (2k, PBP) frames, where k is an integer and PBP is the Paging Block Periodicity. PBP is only applicable for TDD and is equal to the PICH repetition period that is broadcast in system information. For FDD, PBP=1. So essentially the DRX cycle length for FDD system is 2k frames wide in length.

2.1 Idle mode DRX
The UE may be attached to different CN domains with different CN domain specific DRX cycle lengths. As per [5], the UE shall store each CN domain specific DRX cycle length for each CN domain the UE is attached to and use the shortest of those DRX cycle lengths. The CS CN specific DRX cycle length coefficient shall be updated locally in the UE using information given in system information. Hence devices attached only to the PS domain will benefit from any enhancements to DRX length.
Observation 1: A small data capable UE attaching to CS CN domain will not bring in any battery life savings.  

Typically on the field the CS CN domain DRX cycle is potentially shorter (e.g. 320 or 640 msec) so as to limit the average mobile connection establishment delay).

On the other hand based on [5], the PS CN specific DRX cycle length coefficient shall be updated after the negotiation between the UE and PS CN by NAS procedure. If no specific value "k" is negotiated in NAS procedure (typically during the attach procedure), the UE and PS CN shall use the DRX cycle length given for PS CN domain in system information. 

Proposal 1: To minimize overall specification impact, the existing mechanism for negotiating the “k” (cycle length coefficient) should be reused.

From a RAN specification impact view it seems logical that the RNC should not be aware of the negotiation of the DRX cycle length in any way. Hence the idle mode data buffering and mobile terminated paging functionality should be maintained within the PS CN network elements. It then follows that the RAN does not have to extend the system information broadcast or any connection oriented signalling with the idle mode DRX cycle length coefficient.  

Proposal 2: RAN should remain unaware of the idle mode DRX cycle length coefficient parameters exchanged between the UE and the PS CN.
As a final point; for the RRC_IDLE mode the feature compatibility between UE and RNC should be discussed. For e.g. the size of the paging window must be known to a UE. It seems a good option that from the cell or a routing area level point of view there are no new parameters required to be informed to the UE so that the enhanced DRX operation is uniform across the network for IDLE mode UEs.

Proposal 3: The extended DRX does not introduce any new functionality to the RAN for IDLE mode UEs (e.g. the paging window size).

2.2 Length of the DRX cycle
When there is no downlink or uplink data for a very long time it is quite possible that the width of the paging window is insufficient i.e. the RNC paging attempts cannot be received by the UE. In this case it should be clarified if this case needs to be dealt with some specific handling e.g. like an explicit point of synchronization as shown in Figure 2 below. In the example instead of having the synchronization point using a periodic RAU (as an example), a similar mechanism could be adopted in the extended DRX case. 
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Figure 2: Example to show synchronization with the network in PSM and extended DRX
Proposal 4: Understand and study the impact of the length of the DRX cycle at which de-synchronization is likely to happen.
3. Connected mode DRX
The rules for connected mode DRX are different from IDLE. From [5], the DRX cycle lengths to use for UTRAN connected mode is the shortest of the following:

-
UTRAN DRX cycle length (informed to the UE by the RNC in RRC messages)
-
Any of the stored CN domain specific DRX cycle length for the CN domains the UE is only attached to with no signalling connection established

The core network DRX cycle length(s) are broadcast in SIB 1. The UTRAN DRX cycle length is informed to the UE during the RRC connection setup procedure. The RRC Connection Setup message contains the UTRAN DRX cycle length (mandatory IE). Typically, other RRC messages could be used to signal the update of the UTRAN DRX cycle length, e.g. the physical/transport/radio bearer reconfiguration procedure could be used to update the UTRAN DRX cycle length. Also the UTRAN DRX cycle length can be configured with a value which is less than the core network DRX cycle lengths. This allows connected mode UTRAN originated paging to be more responsive. The UTRAN DRX cycle length can be configured with values of 8 to 512 radio frames, whereas the core network DRX cycle length can be configured with values of 64 to 512 radio frames. The upper limit is the same for both the lengths.
A UE in CELL PCH/URA PCH has an Iu-PS connection but no Iu-CS signalling connection but is normally attached to the both the PS and CS CN domain.

Observation 2: Based on the existing rules, the CS CN domain DRX cycle will override any longer DRX that is attempted to be configured (unless small data UEs are compulsorily only attached and registered to the PS CN domain).

In the connected mode the RNC has the responsibility of buffering any data and originating a paging message towards the UE. For this purpose the RNC has to know when the UE is likely to wake up when it is already configured with a enhanced DRX cycle.
Proposal 5: The RAN might benefit from knowing the DRX cycle length that is negotiated with the UE for initiating paging to such UEs when downlink data arrives at the RAN (if the RAN decides to retain the same DRX cycle length as in RRC IDLE).
As already mentioned in [2] a suitable set of messages could be chosen for the Iu interface to inform the RNC about the DRX cycle length to be used for a given UE.
On the aspect of keeping the same value of DRX cycle length that was negotiated between the PS CN and the UE between RRC_IDLE and RRC_CONNECTED, it could be left to network to decide what value to communicate to the UE.

Proposal 6: The existing mechanism for signalling the DRX cycle length that is negotiated with the UE to the RAN could be potentially reused.
Proposal 7: In RRC_CONNECTED, it could be left to network to decide what value of DRX cycle length to communicate to the UE.

When there is no downlink or uplink data for a very long time it is quite possible that the RNC does not really know the window when the UE is reachable (one possibility is that the RNC has turned off periodic cell update by setting T305 to infinity). Having known earlier that the UE has entered into sleep as such does not help because there might not be later opportunities or later points of synchronization between the network and the UE. This leaves a possibility that the RNC and UE are no longer able to relate to the same paging window. Hence it is required to prevent the de-synchronization of the paging window between the RNC and the UE. There must be some explicit mechanism of uplink signalling between the UE and the RNC. There are several possibilities:

· Choose the maximum value of the enhanced DRX cycle such that the possibility of de-synchronization is negligible.

· Choose the maximum size of paging window i.e. the number of page message repetitions in the paging window such that the possibility of de-synchronization is negligible.

· The T305 (periodic cell update) timer is synchronized to the UE entering the enhanced DRX cycle (for e.g. T305 is an integral multiple of the enhanced DRX cycle in connected mode).

· A new timer is introduced (e.g. a multiplier which is n times the DRX cycle) to force the UE to make an uplink access.

Proposal 8: If there is a possibility of de-synchronization, an explicit mechanism of uplink signalling between the UE and the RNC is required to prevent it during long periods of downlink or uplink data inactivity.
4. Conclusion
We propose the following to RAN2:
For idle mode DRX here are the proposals:

Proposal 1: To minimize overall specification impact, the existing mechanism for negotiating the “k” (cycle length coefficient) should be reused.

Proposal 2: RAN should remain unaware of the idle mode DRX cycle length coefficient parameters exchanged between the UE and the PS CN.

Proposal 3: The extended DRX does not introduce any new functionality to the RAN for IDLE mode UEs (e.g. the paging window size).
Proposal 4: Understand and study the impact of the length of the DRX cycle at which de-synchronization is likely to happen.

For connected mode DRX here are the proposals:
Proposal 5: The RAN might benefit from knowing the DRX cycle length that is negotiated with the UE for initiating paging to such UEs when downlink data arrives at the RAN (if the RAN decides to retain the same DRX cycle length as in RRC IDLE).

Proposal 6: The existing mechanism for signalling the DRX cycle length that is negotiated with the UE to the RAN could be potentially reused.

Proposal 7: In RRC_CONNECTED, it could be left to network to decide what value of DRX cycle length to communicate to the UE.

Proposal 8: If there is a possibility of de-synchronization, an explicit mechanism of uplink signalling between the UE and the RNC is required to prevent it during long periods of downlink or uplink data inactivity.
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