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1
Introduction

In RAN3#90, there were further discussions on eDRX, an LS was sent out [1], and a reply from RAN2 was received during the meeting [2]. Meantime CT1 also moved the topic forward . This document reviews the progress, and makes recommendations for the changes to be made in RAN3 specifications. An accompanying CR is provided [5].
2
Review of eDRX status
2.1
Outcome from RAN3#90
In RAN3#90 an LS [1] was sent to SA2 and RAN2. The LS makes two main statements:

· RAN3 […] agrees that this [“loose synchronisation requirement”] is achievable without additional signalling
· RAN3 […] concluded that it [“additional information in the PAGING message”] is beneficial to the eDRX operation under the loose synchronisation
The LS mentioned some concerns on eNB implementation. However no further discussions were held as the subject was then pending on further progress in other groups.

2.2
Outcomes in other Groups

RAN3 received a reply LS [2] from RAN2 towards the end of the last meeting. In this RAN2 states the agreements, which are copied in the text box overleaf. 

In particular, RAN2 has agreed on the formula for calculation of the UE’s Paging Hyper-Frame (PH), which is a function of the UE_ID (already used for paging calculations) and the eDRX cycle of the UE. The start of the Paging Time Window (PTW) is to be uniformly distributed in the PH.

RAN2 also states that, from its point of view, it is beneficial for eNB to know the eDRX cycle length of the UE from MME. RAN2 did not discuss the need for sending the PTW to the eNB.
In addition, from the RAN2 draft report, it can be seen that there is a further agreement that

· The start of the paging window is uniformly distributed across 4 paging starting points within the Paging Hyper frame. The time offset from the beginning of PH is determined based on the UE_ID [CB with the exact details or if more than 4 is needed]

For RAN3, we need only assume that the start of the PTW is known to the eNB without further signalling, provided the eNB knows that eDRX is in operation, and that the UE’s eDRX cycle is known (i.e. the eNB knows the UE’s PH).
Meanwhile, based on RAN2 input, CT1 has agreed a CR to TS 24.301 [3] which supports the configuration of eDRX via NAS. For the eDRX parameters, this CR refers to TS 24.008, corresponding to another CR [4], also agreed by CT1. Within [4], we see that

· The eDRX values correspond to powers of 2 (20, 21, 22,..29) times the smallest eDRX cycle duration (5.12s)

· As a result, the eDRX cycle duration can range from half of an SFN cycle (5.12s) to 28 SFN cycles (over 43 minutes) 

· The Paging Time Window (PTW) has a length ranging from 1 to 20s, with granularity of 1 s in the 1-10 range, and granularity of 2s in the 10-20 range (i.e. a total of 15 possible values)
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2.3
A detail on the range of TeDRX
There is one detail that is clear in the RAN2 agreed CR on TS 36.304 [6], but which is not explicit in the received LS [2]. This concerns the lowest value of TeDRX, which may appear to be 1 hyper-frame (1024 radio frames) from the LS (which appears to contradict the CT CRs).

However, [6] makes clear that indeed the lowest value of TeDRX is 512 radio frames (1/2 a hyper-frame). However this value is not relevant for the calculation of the UE’s Paging hyper-frame as mentioned in the LS [2], since, as stated in [6], 

“If the UE is configured with a TeDRX cycle of 512 radio frames, it monitors POs as defined in 7.1 with parameter T = 512. Otherwise, a UE configured with eDRX monitors POs as defined in 7.1 (i.e, based on the upper layer configured DRX value and a default DRX value determined in 7.1), during a periodic Paging Window configured for the UE.”
This explains the apparent contradiction; from a configuration and signalling perspective, indeed the TeDRX range is as above in the CT CR (i.e., from half of an SFN cycle (5.12s) to 28 SFN cycles). However the Paging Window is not defined for the lowest value of TeDRX, nor are the PH calculations relevant.
3
Discussion
3.1
eDRX signalling

Building on the discussion at RAN3#90, and the agreement from RAN2 in [2,6], RAN3 should now include the UE’s eDRX cycle in the paging message.
Note that an eNB supporting eDRX will broadcast the H-SFN and also broadcast an indicator of eDRX support. This allows a camping idle UE to calculate the precise timing of the paging occasions (noting that the UE will be required to monitor all paging occasions within the window).

If the eNB did not receive the UE’s eDRX cycle, it would not even have the information that the UE is operating with eDRX. As a result, it could not even take advantage of the likely quantisation of the starting points of the PTW. As the MME is likely to send the paging message sometime in advance (according to its own timing, and to take into account transport and processing delays), it becomes quite possible that the paging transmission will happen before the start of the PTW. Conversely, if the MME decides to send the message “just-in-time”, it is also completely possible that the first paging occasion is missed for a proportion of eDRX UEs. Both scenarios are inefficient; in both it is possible to reduce the impact in a blind manner by increasing the size of the PTW (i.e. allowing for MME repetitions within the PTW, or compensating for possible loss of the first paging occasion), but this action conflicts with the goal to have short PTWs (as stated in [2]).

On the contrary, an eNB receiving the UE’s eDRX cycle value will be able to calculate precisely the first occasion when the UE will be monitoring paging (including both the next UE’s PH as well as any offset). The calculations will be no more complex than those currently used for the UE’s legacy paging occasions. 
Furthermore, receiving the UE’s DRX cycle value provides also a means to detect too-early arrival of messages from the MME, since the eNB will know the difference between the paging occasion and the time of arrival of the S1AP PAGING message. This could be used, for example, to detect cases where the “loose synchronization” exceeds certain bounds. 

A non-supporting cell (eNB) will be known to the UE via lack of SIB indication. The UE just reverts to legacy (non eDRX behaviour), and the eNB ignores the eDRX value, and proceeds as today. This case may happen both for pre-release 13 eNBs, as well as rel13 non-supporting eNB implementations.
Based on the above, and the RAN2 agreement, we therefore propose:
Proposal 1: Add UE’s eDRX cycle value as an optional IE in the S1AP paging message.

Proposal 2: Introduce “if supported” phraseology in the procedural text related to this IE.

3.2
PTW Signalling 
We now consider the possible requirement to also include the PTW in the S1AP Paging message.
An eNB could receive a paging message related to a certain UE before, during, or after the PTW.

For the case of “before” (which will be fairly common, due to data arrival when the UE is not monitoring paging), the eNB is able (with the eDRX value) to calculate the first paging occasion and use it to send the paging to the UE. In a normal case, it would only need to store the message for a short time (depending on the loose synchronization and MME policy). However there may be infrequent occasions when the paging channels are overloaded, and the eNB may prefer to schedule the paging later in the PTW. However in order to know whether this is possible, the eNB needs to know how many paging occasions are available in the PTW, and also whether delaying the first page may deny the possibility of an MME repetition within the PTW.
For the case of “during”, this may happen in several cases e.g. (1) data arrival during the PTW; (2) MME repetition in the PTW, and (3) MME policy of “just-in-time” transmission, relying on tighter synchronization. The problem here is that the eNB has no idea when the PTW ends, and so may transmit at the next legacy paging occasion. However it is perfectly possible that this is just outside the PTW, due to timing uncertainties and the actual number and timing of the paging occasions within the PTW. In itself, this does not impact the UE except that paging channel capacity is wasted as the UE is no longer monitoring it. To avoid this, it would be tempting for the MME to configure larger PTWs (and use the last section of the PTW as an unused “buffer”).
The case of “after the PTW” can happen as a result of the same use cases as “during”, and also simple MME error, or greater timing errors between eNB and MME than expected. Again the eNB has no idea whether the UE is still monitoring, and the only test it can apply is to check whether the maximum PTW length (20s) has elapsed since its start. In this case, paging capacity is simply wasted.

Consideration of the above suggests that “hiding” the PTW information from the eNB is sub-optimal. In summary, without PTW knowledge

· eNB may transmit paging messages when UE is no longer monitoring

· eNB is unable to make scheduling decisions within the PTW (e.g. to spread out paging channel use)

· MME may take a defensive strategy and hence waste part of the PTW
Therefore it seems reasonable to add this information also to the S1AP signalling message, noting that a non-supporting eNB implementation would also ignore this parameter.

 Proposal 3: Add UE’s PTW value as an optional IE in the S1AP paging message.
3
Conclusion
This document has reviewed the status of eDRX, and as a result the following proposals are made:
Proposal 1: Add UE’s eDRX cycle value as an optional IE in the S1AP paging message.

Proposal 2: Introduce “if supported” phraseology in the procedural text related to this IE.
Proposal 3: Add UE’s PTW value as an optional IE in the S1AP paging message.

In practice, it seems reasonable to add an optional “eDRX parameters” IE, including both parameters above. More precisely, within this IE, the eDRX cycle value should be mandatory, and the PTW presence should be conditional to the TeDRX value, since the PTW is not defined for the lowest TeDRX, as discussed in section 2.3 of this document. 
A stage 3 CR with this solution [5] is provided separately. In addition, the CR in [7] provides a pointer to stage 2 synchronization requirements.  
4
References

[1]  R3-152765, “Reply LS on paging coordination in extended idle mode DRX”, RAN3#90, November 2015.
[2]  R3-152859, “LS on RAN2 agreements on extended DRX”, RAN3#90, November 2015

[3]  C1-154634, “Extended DRX IE addition”, Ericsson, CT1#95, November 2015

[4]  C1-154706, “Extended DRX IE addition”, Ericsson, CT1#95, November 2015

[5]  R3-160214, “Introduction of eDRX parameters in the paging message”

[6]  R2-157168, “Introducing extended DRX”, Qualcomm Incorporated et al, November 2015

[7]  R3-160275, “Addition of loose-SFN synchronisation for extended Idle mode DRX”, Huawei et al, February 2016.
[image: image2.png]



RAN2 agreements on eDRX (from R3-152859 [2])


The Paging hyper-frame (PH) is determined using the following formula:


H-SFN mod TeDRX= (UE_ID mod TeDRX), where: UE_ID = IMSI mod 1024 and TeDRX is the eDRX cycle of the UE (TeDRX =1, 2, …, 256 in hyper-frames) and configured by upper layers


The start of the paging window will be uniformly distributed within the Paging Hyper frame.  The details will be captured in the 36.304.


RAN2 confirms the SA2 agreement that the paging window duration configuration is performed by NAS.


The UE monitors all paging occasions within the window unless a paging message is successfully received for that UE. From RAN2 point of view, a short window (e.g. 5s) configuration should be allowed for the UE for battery consumption purposes.


From RAN2 point of view, it is beneficial for eNB to know the eDRX cycle length of the UE from MME. RAN2 did not discuss the need for PTW.


The assumption is that the UE determines eDRX capability only on NAS signalling. 


The previous agreements, that H-SFN is an implicit indication of eDRX support from eNB are not valid. One new capability signalling broadcasted in SIB1 from eNB is required. 
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