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1
Introduction

RAN3 received a LS on paging coordination in extended idle mode DRX from RAN2 in R3-151838(R2-153914).

RAN3 is tasked to discuss the content and to provide an input if appropriate.
2
Discussion

2.1
Current Status of Discussions in RAN2
RAN2#91 made an agreement to introduce an H-SFN, where each H-SFN corresponds to one SFN cycle, i.e. an H-SFN cycle will be a multiple of 10.24s. This will enable the network to set DRX cycle values beyond 2.56s (current maximum) up to an hour or more (still to be decided). This would enable reduction of power consumption for delay tolerant mobile terminated data (See WI description in RP-150493).
One of the topics discussed so far in RAN2 was the aim to reduce the number of network nodes that would need to store paging (related) messages, especially in RAN. In order to reach this goal the EPC would need to have information for how long it needs hold back paging. This requires the MME to have information when the extended idle mode DRX cycle will end for the UE.

As further part of the concept RAN2#91 agreed to require the UE to listen to several paging repetitions in order to increase the likelihood to reach the UE.

Paging co-ordination among eNBs would be quite cumbersome, if the H-SFN would be completely unsynchronised – therefore it is required that eNBs are synchronised w.r.t. H-SFN. In order to allow paging repetitions to succeed, the maximum drift between eNBs would be in the order of the time window spanned by the paging repetitions.

2.2
Reduce the overall storage time of Paging messages in RAN
For eDRX enabled UEs the E_UTRAN could provide “Paging Next Time” information within the S1AP UE CONTEXT RELEASE COMPLETE message.

The “Paging Next Time” information indicates when the next UE’s eDRX cycle ends - within the cell the UE was served last. Together with the eDRX cycle length available in the MME, the MME can deduce when the UE is page-able. This may also require providing eDRX parameters at UE Context setup to the eNB.
The “Paging Next Time” information could be indicated as an absolute time in order to avoid requirements for the MME to synchronise to E-UTRAN specific timing like an SFN cycle. Assuming a common clock reference being available in all affected nodes, the “Paging Next Time” information could be simply a time of day in hour/min/sec format. Providing a relative time indication could be problematic in higher load conditions as the indication could be delayed towards the MME.
The MME would need to make sure that the Paging to the appropriate eNB would be sent “in time”, taking into account transmission and processing delays, load status, etc.

Observation 1 In order to reduce the overall storage time of Paging messages in RAN the S1AP UE CONTEXT RELEASE COMPLETE message could provide time information to the MME when the next UE’s eDRX cycle ends in the cell the UE was served last. This information should be an absolute time and used together with the UE’s configured eDRX cycle length to determine when the UE is reachable for paging at the next paging event.
Observation 2 In order to provide “Paging Next Time” information, the eNB would need to receive the UE’s (idle mode) eDRX configuration at S1 UE Context Setup.
2.3
Paging repetitions
The possibility to repeat paging is explicitly mentioned in the LS [1]. Allowing paging repetitions would require that the UE not only listens to a single PO as per configured eDRX cycle, but also to a couple of subsequent POs. Paging repetitions would therefore require a further dimension of DRX configuration to be exchanged between the network and the UE. It is expected that respective configuration will happen via NAS and results in a “Paging Time Window” that spans over potential repetitions performed after the eDRX cycle elapsed. There were proposals made that the time in between each paging attempt would correspond to the default paging DRX cycle, which currently spans between 0.32s and 2.56s. The default paging DRX cycle is provided to the MME at S1 Setup. Consequently, the MME would have information on the timing of the possible paging repetitions.
This information would need to be provided to the paged eNBs with the S1AP PAGING message, allowing the eNB to deduce whether the UE is currently/soon reachable or the timing of the paging request doesn’t correspond to the next paging occasion.
Observation 3 The eNB can deduce from the eDRX cycle length together with the “Paging Time Window” whether the UE is currently or soon reachable, or whether the timing of the paging request doesn’t correspond to the next paging occasion.

Observation 4 It is further expected that the paging repetitions span over a time window, that corresponds to the time a MME would need to reach the UE, especially if it has to escalate the paging scope a couple of times (details FFS).

We would expect that optimising the usage of radio and network resources for paging, as discussed during Rel-13, should also be possible for eDRX. Requesting the eNB to page the UE for the whole remaining “Paging Transmission Window”, without an explicit paging request from the MME to do so, would in general result in a waste of radio resources. The behaviour of an eNB assumed by the MME should therefore align with legacy paging, i.e. the MME is kept in control of paging repetitions.

Observation 5 We assume that the MME should be kept in control of paging repetitions. If the eNB should be requested by the MME to autonomously repeat paging within the “Paging Transmission Window”, this should be explicitly indicated by the MME.

2.4
Synchronisation among eNBs for I-eDRX paging co-ordination
It should be possible for eNBs to be synchronised as required by RAN2 if the eNBs are able to refer to a common network based clock. 

Observation 6 No protocol support is expected to be necessary to achieve the level of synchronisation requested by RAN2

2.5
Supporting heterogeneous deployment of eDRX enabled eNBs
While an eDRX enabled UE may be configured with eDRX, regardless the support of eDRX in the serving cell from which respective NAS signalling takes place, eNBs not enabled with eDRX will not be able to provide “Paging Next Time” information to MME. If the UE stays in the eNB not enabled with eDRX the EPC would need to hold back downlink data and respective paging messages. Avoiding this would however require homogenous support of eDRX within a Tracking Area and/or the MME to be aware of eDRX support of the connected eNBs. Knowledge of radio feature support at the MME should be avoided in general and restrictions in deployment as well.

Observation 7 Knowledge of eDRX support of eNBs by the MME should not be required. Also requirements of homogenous support e.g. within a Tracking Area is deemed to be too restrictive.

If the UE is configured for eDRX via NAS within an eNB not supporting eDRX, the eNB would not be able to provide “Paging Next Time” information to the MME. If the UE moves to an eDRX enabled cell it would read H-SFN and SFN information and listen to paging occasions as configured. The MME will in general not be aware of the proper time for paging and probably will page the UE immediately. If the paging is not successful, eDRX enabled eNBs would be able to calculate the “Paging Next Time” and provide this information to the MME as a negative response to the PAGING message. Given the loose synchronisation among eNBs, the “Paging Next Time” information received from various eNBs should be fairly the same, at least accurate enough to allow an MME implementation to estimate the proper paging time.

Without this functionality an UE might stay un-reachable.
Observation 8 It should be feasible to define a new non-UE-associated class 2 procedure that informs the MME that the paging message has been deleted, including “Paging Next Time” information.
3
Conclusion
E-UTRAN impacts for eDRX have been discussed along the received LS from RAN2 [x].

The following was observed:

Observation 1
In order to reduce the overall storage time of Paging messages in RAN the S1AP UE CONTEXT RELEASE COMPLETE message could provide time information to the MME when the next UE’s eDRX cycle ends in the cell the UE was served last. This information should be an absolute time and used together with the UE’s configured eDRX cycle length to determine when the UE is reachable for paging at the next paging event.
Observation 2
In order to provide “Paging Next Time” information, the eNB would need to receive the UE’s (idle mode) eDRX configuration at S1 UE Context Setup.
Observation 3
The eNB can deduce from the eDRX cycle length together with the “Paging Time Window” whether the UE is currently or soon reachable, or whether the timing of the paging request doesn’t correspond to the next paging occasion.
Observation 4
It is further expected that the paging repetitions span over a time window, that corresponds to the time a MME would need to reach the UE, especially if it has to escalate the paging scope a couple of times (details FFS).
Observation 5
We assume that the MME should be kept in control of paging repetitions. If the eNB should be requested by the MME to autonomously repeat paging within the “Paging Transmission Window”, this should be explicitly indicated by the MME.
Observation 6
No protocol support is expected to be necessary to achieve the level of synchronisation requested by RAN2
Observation 7
Knowledge of eDRX support of eNBs by the MME should not be required. Also requirements of homogenous support e.g. within a Tracking Area is deemed to be too restrictive.
Observation 8
It should be feasible to define a new non-UE-associated class 2 procedure that informs the MME that the paging message has been deleted, including “Paging Next Time” information.


It is proposed to discuss the topics outlined and consider to liaise back to RAN2 if a common view can be reached.
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