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1 Introduction
At the RAN2#84 meeting it was agreed to introduce a mechanism to request the UE to go directly to long DRX cycle sleep ([1], [2]), and in the minutes from the meeting the following was captured:
· Agree to introduce a mechanism to switch to Long DRX cycle
· Study for the next meeting about the mechanism
In this paper we analyse pros and cons of different alternatives and we propose to reuse the existing DRX command MAC control element (CE) to be used also for requesting the UE to go directly to long DRX cycle sleep.
2 Discussion
2.1 Behaviour when moving a UE directly to long DRX cycle sleep
Moving a UE to long DRX cycle sleep should behave very similar to the existing behaviour when moving the UE directly to short DRX cycle sleep using the DRX command MAC CE, but the difference is that the UE should go directly to long DRX cycle sleep. In principle, the actions of moving a UE directly to long DRX cycle sleep is an additional step compared with moving the UE to short DRX cycle sleep, and therefore the actions needed to perform when going to long DRX cycle sleep can be explained as follows:

1. Perform the actions as specified for when receiving the DRX command MAC CE
2. Stop the drxShortCycleTimer if running
3. Consider the UE to be in long DRX cycle

Hence, this means that the wanted behaviour is built on top of the already existing behaviour for the DRX command MAC CE.
Proposal 1: When moving the UE directly to long DRX cycle sleep, the UE shall in addition to the actions performed when receiving a DRX command MAC CE also stop the drxShortCycleTimer if running and consider the UE to be in long DRX cycle.
2.2 Alternatives for sending the UE directly to long DRX cycle sleep
In the current standard there is already support for moving a UE directly to short DRX cycle, and this can be achieved by using the DRX command MAC CE. It would seem that a new or modified mechanism that will move the UE directly to long DRX cycle sleep should be as similar as possible to moving the UE directly to short DRX cycle sleep. However, the DRX command MAC CE consists of a generic subheader with no reserved bits intended only for this MAC CE, and therefore there is no extra reserved bit dedicated for the DRC command MAC CE that can be used to distinguish between going to short DRX cycle and long DRX cycle.

In this paper we will investigate the following different alternatives for moving a UE directly to long DRX cycle sleep:

1. Adding a new MAC CE, which is similar to the DRX command MAC CE, and which will move the UE directly to long DRX cycle sleep.
2. Using RRC to configure the existing DRX command MAC CE to behave in two different modes:

· Move the UE directly to short DRX cycle sleep (the legacy behaviour)

· Move the UE directly to long DRX cycle sleep
3. Use the DRX command MAC CE in two different ways:

· Move the UE directly to short DRX cycle sleep if included once in a MAC PDU (the legacy behaviour)

· Move the UE directly to long DRX cycle sleep if included twice in the same MAC PDU
4. Use one of the generic reserved bits in the MAC sub header and assign a specific meaning of this bit in combination with the DRX command MAC CE.

The intention of this feature is to optimize the UE power consumption, and it should not be used when traffic is ongoing or signalling, such as CQI report, is requested more frequently  than what is generated when the UE is in long DRX cycle. We cannot see any practical problems of not having a capability for this feature because if the UE goes to short DRX cycle sleep when requested to go to long DRX cycle it will not cause any issues: the eNB assumes that the UE has gone to long DRX cycle but since no traffic is ongoing there will be no conflicts in the uplink signalling, even if the UE will transmit some uplink signalling at OnDuration only valid for short DRX cycle. When traffic starts again the UE will go to DRX active time and thereafter to short DRX cycle, and thus the cycle length is in sync between the UE and the eNB. 
Observation 1: If the UE is requested to go to long DRX cycle but instead goes to short DRX cycle this will not cause any issues in the system when traffic is not ongoing.
2.2.1 Alternative-1: Adding a new MAC CE

Adding a new MAC CE would result in a MAC CE with exactly the same structure as the existing DRX command MAC CE, but using a new LCID value to distinguish between the two different cases.
The advantage with this alternative is that the meaning is clear and it takes only one byte to include this MAC CE in a MAC PDU.
The disadvantage with this alternative is that it needs to allocate a new LCID value, which is a scarce resource and which should be used only when absolutely needed. Also, introducing a new MAC CE would mean a non-backwards compatible change of the MAC protocol which means it will be more complex to implement this feature in earlier release UEs.
2.2.2 Alternative-2: Reconfigure the DRX Command MAC CE for short or long DRX
With this alternative the eNB would configure the UE in two different modes: one legacy mode where the DRX command MC CE maintains its current meaning, and one new mode where the existing DRX command MAC CE will have a modified meaning and move the UE directly to long DRX cycle sleep instead of short DRX cycle sleep.

The advantage with this alternative is that there is no need to introduce a new MAC CE.

The disadvantage is that the DRX MAC CE can only be used either to move the UE to short DRX cycle, or to long DRX cycle but not to both. In some cases it may be useful to request the UE to go to short DRX cycle in scenarios when there is a need to keep the latency short, but in other cases it may be useful to move the UE to long DRX cycle when there is no issue of latency. Another disadvantage is that there is an intermediate period during RRC configuration when it is not known exactly when the UE has applied the long or short DRX mode of the DRX command MAC CE. Furthermore, it makes fault tracing more difficult because to understand the meaning of the DRX command MAC CE one has to know its current setting in RRC.
2.2.3 Alternative-3: Include the DRX Command MAC CE twice in the same MAC PDU

With this alternative the existing DRX command MAC CE is included twice in the MAC PDU to indicate that the UE shall go directly to long DRX cycle sleep instead of short DRX cycle sleep. Including a MAC CE twice is not disallowed by the standard and hence is possible to do by the eNB.
The advantage with this alternative is that no new MAC CE and no update of RRC are needed. Also, it is possible to introduce this feature in a backwards compatible way and thus implement support for it in UEs of earlier releases.
The disadvantage is that a MAC CE is included twice and hence two bytes are needed to convey the information compared with only one byte if a new MAC CE was introduced.
2.2.4 Alternative-4: Use one of the generic reserved bits in the MAC sub header

The MAC sub header has the following layout:
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It would be possible to use one of the two reserved R bits as an indicator that the UE shall go to long DRX cycle sleep instead of short DRX cycle sleep. In this alternative we could assign one R bit to have a specific meaning depending on the given LCID, and thus the meaning of the R bit can be assigned differently for each specific LCID value. In the case of the DRX command MAC CE we would then use the chosen R bit to indicate 1 if the UE should go directly to long DRX cycle sleep.
The advantage with this alternative is that there is no need to introduce a new MAC CE, and the existing DRX command MAC CE can be used both for directing the UE to short DRX cycle sleep and to long DRX cycle sleep.

The disadvantage is that we will allocate one of the two generic MAC sub header R bits for a dedicated meaning only used for the DRX command MAC CE. The most logical usage of these two R bits would instead seem to be as generic indictors that apply to the MAC sub header independently on the given LCID value. If for instance in the future we would like to introduce a different syntax for the MAC sub header we would need this more generic meaning that is independent on the given LCID value. Therefore, even though we have two generic R bits available, it would only seem acceptable to use a generic R bit for a specific LCID value if we have no other choice.
2.3 Proposed Alternative
The first alternative seems to be the cleanest way of introducing this feature, but it has the drawback of making it more complicated to introduce the feature in a backwards compatible way and it allocates a new LCID for a very similar usage of an existing LCID. The second alternative does not allow going to short DRX cycle and long DRX cycle for different uses cases, and this we believe will introduce unnecessary restrictions in the usage of the DRX command MAC CE. The third alternative seems to be the best overall since it allows introducing this feature without allocating a new LCID and it can be done in a backwards compatible way. The fourth alternative we believe is not good because it will use one of the generic reserved R bits in the MAC sub header for a very specific non-generic purpose. From this analysis we propose using the third alternative.
Proposal 2: When the existing DRX command MAC CE is included twice in the same MAC PDU, the UE shall go directly to long DRX cycle sleep.
See also the associated MAC CR ([3]).
3 Conclusion

We have the following observations:

Observation 1: If the UE is requested to go to long DRX cycle but instead goes to short DRX cycle this will not cause any issues in the system when traffic is not ongoing.
We propose the following:

Proposal 1: When moving the UE directly to long DRX cycle sleep, the UE shall in addition to the actions performed when receiving a DRX command MAC CE also stop the drxShortCycleTimer if running and consider the UE to be in long DRX cycle.
Proposal 2: When the existing DRX command MAC CE is included twice in the same MAC PDU, the UE shall go directly to long DRX cycle sleep.
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