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1
Introduction
2G, 3G and LTE all permit (and for 2G, require) the mobile to request UE-specific DRX parameters from the network in the PS domain.

The 2G and 3G SGSNs store the DRX parameters in their MM contexts and transfer the MM context between SGSNs at SGSN change. The DRX parameter is a mandatory field in the messages sent to a pre-release 8 SGSN, so, some consideration is needed on how to fill out that field at LTE to pre-release 8 SGSN mobility events.

For LTE, SA2 has requested the capability to have UE specific DRX, but as yet, this is not documented in the SA2 message flows (e.g. there is no mention of DRX in the Attach message flow).
This document proposes one method for the handling of DRX parameters in the EPC. Other solutions may exist. The intention of this document is to aid the completion of the SAE/LTE specifications rather than to particularly promote this solution and the accompanying CRs to 23.401 and 23.060.
2
Current DRX parameter handling at 2G/3G mobility
2.1
SGSN-SGSN signaling

In 29.060, the old SGSN transfers the DRX parameter to the new SGSN in the MM context information element (section 7.7.28) in the SGSN Context Response message (at idle mode mobility or following Network Assisted Cell Change) and Forward Relocation Request message (active mode handover). The DRX parameter is a mandatory field in the messages.
2.2
UE-SGSN behaviour
Study of 24.008 shows that the DRX parameters are mandatory in the Attach procedure, but are really only sent in the Routeing Area update procedure (section 9.4.14.3) at 2G TO 3G RA update (i.e. they are not sent at 2G-2G, or 3G-3G, or 3G TO 2G mobility).

"9.4.14.3
DRX parameter

This IE shall be included if the MS changes the access network from GSM to UMTS, or the MS wants to indicate new DRX parameters to the network."

The encodings of the DRX parameter in section 10.5.5.6 of 24.008 in R’97 and R’99 are shown below.
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Figure 10.5.122/3GPP TS 04.08: DRX parameter information element
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Figure 10.5.122/3GPP TS 24.008: DRX parameter information element
Section 8.2.3 of 23.060 on Discontinuous Reception for Iu mode includes the following:
“At inter-SGSN RA update, the network shall use the DRX IE received from the MS in the routeing area update request message and ignore the same IE received in MM Context from the old SGSN”
The requirement in 24.008 is not entirely consistent with this statement, but, the overall result appears to be that IF the mobile sends its DRX parameters in the RA update, then the SGSN will store and use them. IF the UE doesn’t send the DRX parameters then the SGSN uses those in the MM context (e.g. as would happen at intra-SGSN RA update).
The reason for the requirement on the UE to send the DRX parameters at mobility from 2G TO 3G seems to be that a pre-Release 99 SGSN is likely to overwrite the UMTS “CN Specific DRX cycle length” with “all zeroes” and then transfer the “all zeroes” to the R’99 SGSN.
3
What do the radio networks use the DRX parameter for?
3.1
Gb mode
Section 8.1.2 of 23.060 is on A/Gb mode Discontinuous reception. It states:
"8.1.2
Discontinuous Reception
A GPRS MS may be able to choose if it wants to use discontinuous reception (DRX) or not. If using DRX, the MS shall also be able to specify other DRX parameters that indicate the delay for the network to send a page request or a channel assignment to the MS (see GSM 03.64).


The DRX parameters shall be indicated by the MS in the attach procedure. The SGSN shall then in each page request send these parameters to the BSS that uses this information and the IMSI to calculate the correct paging group.


DRX usage is independent of the MM states IDLE, STANDBY and READY. As DRX can be used by a GPRS MS in READY state, DRX has to be considered also when assigning a packet data channel for downlink transfer. The SGSN shall therefore indicate the DRX parameters for the MS in all packet transmission requests to the BSS.

A GPRS MS shall not apply DRX in READY state during the GPRS attach and routeing area update procedures."

From the Gb interface specification, 48.018, each Downlink LLC PDU (section 6.1) carries the DRX parameter and the IMSI, unless the SGSN does not have them, and optionally, during an MM procedure.

The green highlighted text implies that the lack of a DRX parameter during RA update should not be a problem to the BSC. (Note: BUT providing the WRONG DRX parameter to the BSC might be a problem.)

The Yellow highlighted text indicates that the DRX parameter can be used in READY state. Hence this might apply in the ‘handover’ case and be important to support.

However, the 2G DRX parameter only carries information on “split PG cycle”. When using the CCCH (i.e. when not using the Packet BCCH) support/use of ‘split PG cycle’ is optional in both the mobile and the network. When it is not used, the broadcast parameter BS_PA_MFRMS is used to determine the DRX length.

Very few networks have currently deployed the PBCCH and probably few have deployed the split PG cycle on the CCCH. However, this situation might still change as the increased number of 3G capable devices increases the utilization of the packet domain which might lead to GSM AGCH loads that cause the GSM PCH to overload and thus need the deployment of the PBCCH.
In Gb mode, the DRX parameter is also used in the Gb interface paging messages.
3.2
Iu mode
In Iu mode, the DRX parameter stored by the SGSN is only used for paging. In UTRAN connected mode, there is a UTRAN specific DRX. For Handovers, and during RA updates, the mobile is in connected mode.

4
LTE UE specific DRX

This needs to be signaled from the UE to the MME at Attach, and, moved into the MME at ‘first update to LTE following 2G/3G attach’ (either from the UE in the TA update, or, from the SGSN as part of the MM context).

In LTE, the DRX parameter is only used for paging.
5
Main Proposal
Although the UE-specific DRX parameter appears to be little used, there may be some cases of PS-handover to networks using the PBCCH and/or split PG cycle that need to be handled.

Signalling the “wrong DRX” from the SGSN in Iu mode is not too serious a problem (no paging is missed, just the mobile wakes up more often than it needs to.)

Signaling the “wrong DRX” in Gb mode when Split PG Cycle is in use probably means that paging/scheduling is lost: this would be a serious problem.

Proposal 1:
that the 2G/3G DRX parameters are signaled to the MME at Attach so that they can be stored in the MME’s MM context and transferred in the GTP v1 Forward Relocation Request and SGSN Context Response messages and equivalent GTPv2 messages.
6
Does an LTE UE have different UE-specific-DRX in LTE and Iu mode?
In UTRAN, the mobile can signal its UE specific DRX from the set {6, 7, 8, 9} which (the author believes) translates to 320 ms, 640 ms, 1280 ms and 2560 ms. If the UE specific DRX is shorter than the broadcast one, then the UE’s value is used (See section 8.3 of 25.304 and note that the MSC does not support UE specific DRX).
In E-UTRAN, 36.304 section 7.1 states the following:

“-
T: Range of DRX values 32, 64, 128, 256 radio frames. The UE specific DRX parameter, if allocated and having shorter DRX than T, shall override T.”

And, the author believes that the radio frames are 10ms long, making the set of DRX intervals common in both 3G and LTE.

Proposal 2: 
If the UE requests a “UE specific DRX” for either UTRAN or E-UTRAN, then it shall use the same value for both of these RATs”.
Disadvantages of this proposal are:

-
if the RATs have different idle mode power consumption, then, a short DRX might only be
desired on one RAT. However, the use of short DRX implies that the device probably has a
large power supply (e.g. it is a laptop or a car) and hence independent DRXes are of less value.

-
it limits the flexibility to independently “upgrade” one of the RATs.
Advantages of this proposal are:

· that mobility to and from MMEs / R8-SGSNs / R-99 SGSNs can be supported using the encoding of the DRX parameter carried by GTPv1;
· the DRX parameter only needs to be sent at Attach (plus if the UE wants to change its DRX)
Proposal 3: 
that the LTE DRX parameters are signaled to the SGSN at Attach, stored in the SGSN’s MM context and transferred in the relevant GTP v1 and GTP v2 messages.

7
UE initiated change of UE specific DRX

This is supported by the 2G and Iu mode standards and it is assumed that LTE would also support it. The author does not know whether this procedure is ever used, but, it did trigger some late corrections to release 97 specifications, so, its consequences probably need to be studied.

If EPS signalling does not support the change of 2G or Iu mode DRX, then, if the UE changes its settings while camped on an LTE cell, it has to remember to update the 2G/3G system when it leaves LTE. Probably it is simpler that any change in UE specific DRX leads to a TAU to the MME. However, if ISR is active, then the MM context in the partner SGSN will not be updated, hence, it is also necessary to set an internal flag in the UE to cause a RAU/TAU at the next LTE-2G/3G RAT change so that the MME context is pulled from the other node.
Proposal 4:  
if the UE changes its UE-specific-DRX parameters, the UE shall perform a TAU or RAU to the MME or SGSN, and, set the “ISR state” such that at next LTE-2G/3G RAT change a RAU or TAU is performed. 
6
Associated changes and clean up:
a) CRs to 23.401 and 23.060 to implement these changes are in S2-086864 and S2-086865.

b) LS to other groups (RAN 2, GERAN 2, GERAN 1, CT 1, CT 4) might be useful to check that they do not see problems.

c) In 23.060, change section 8.2.3 on Iu mode DRX as follows:
“At inter-SGSN RA update (e.g. from 2G), if the network receives a DRX IE from the MS in the routeing area update request message the new SGSN shall use the information provided by the mobile and shall ignore the same IE received in MM Context from the old SGSN”
d) In 29.060, section 7.7.28, “MM context”, GTPv1 states:

“DRX parameter indicates whether the MS uses DRX mode or not.”
And this should be corrected to something like:
“The DRX parameter carries the DRX settings that the MS is using with the network.”
7
Summary
a) It is suggested that the above proposals are discussed and hopefully agreed. 
b) The related CRs to 23.060 and 23.401 in S2-086864 and S2-086865 are discussed and agreed,
c) that an LS is sent to lots of other working groups (e.g. RAN 2, GERAN 2, CT 1, CT 4) inviting them to review and provide feedback if they feel it necessary.
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