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Discussion on Extended DRX in Idle Mode
1. Introduction
GERAN received the LS in which SA2 requested GERAN’s input on MTCe solutions [1]. The initial analysis indicated that there are two solutions with possible impact on GERAN specifications, Extended DRX in idle mode and Transmission delay until better coverage conditions [2]. This document discusses the Extended DRX in idle mode solution. 
2. Discussion

2.1 Paging Cycles
The extended DRX in idle mode solution aims at providing longer periods between paging cycles. In case of GERAN, [3] correctly refers to [4] and the use of BS_PA_MFRMS. The BS_PA_MFRMS parameter controls the occurance of the 51-multiframe the MS is required to monitor for paging messages [7]. 
PAGING_GROUP div (N div BS_PA_MFRMS) = (FN div 51) mod (BS_PA_MFRMS)

The maximum value of BS_PA_MFRMS is 9. The duration of 51-mutliframe is 3060/13 ms, i.e. 235.38 ms approximately. This results in paging cycle of 2.1 seconds approximately.
The solution in [3] proposes to introduce an integer multiplier which MS would apply when calculating the occurrence of the paging multiframe. In order to assess potential gains of such proposal, other requirements on mobile station in idle mode should be taken into the account. These requirements are BCCH monitoring and idle mode measurements for cell reselection, which are discussed in the following sections. However, before moving to the discussion about the BCCH monitoring and the measurements, it should be noted that the split pg cycle option can be used on CCCH if supported by the mobile station and the network. The mobile station informs the network about the support in DRX parameters during the attach procedure and the routing area update procedure. The network indicates its support in the SI13 message (SPGC_CCCH_SUP).
When the network and the mobile station supports the split pg cycle option, the occurrence of the 51-multiframes intended for paging is defined as follows

PAGING_GROUP div (M div 64) = (FN div MFL) mod 64

When The SPLIT_PG_CYCLE value is set to 1, the mobile station operates with the longest paging cycle of 64 51-multiframes on CCCH, i.e. approximately 15 seconds. 
2.2 BCCH Monitoring
The mobile station in idle mode supporting change mark in SI13 is required to supervise the change of system information on BCCH trough monitoring of BCCH_CHANGE_MARK and SI_CHANGE_FIELD in the SI13 message as specified in [5].
“While camping on a cell where PBCCH is not present, the mobile station shall attempt to receive the SI13 or the PSI13 message at least every 30 s. The mobile station shall then take into account any occurrence of the PSI13 message that may be received on PACCH during packet transfer mode. If PSI13 is not received, the mobile station shall attempt to receive the SI13 message on BCCH during periods in packet idle mode.”
The SI13 message is sent on BCCH with TC=4 and the network shall ensure that on SI13 is sent al least once within any of four consecutive occurrences of TC=4. This translates to the maximum period between SI13 messages of approximately 7.5 seconds. If the network broadcast the SI13 message regularly and the mobile station receives the message successfully, then mobile station attempts and receives the SI13 message once every 30s successfully. However, if the network is changing the scheduling of SI13 or the reception fails due to bad radio conditions, the mobile station has to receive BCCH more frequently. In the worse case, see the excerpt from [5] below, the mobile station continuously monitors BCCH TC=4 occuring approximately every 1.9 second. 
“If the mobile station has received neither the SI13 nor the PSI13 message within the last 30 s, it shall attempt to receive the SI13 message each time it is scheduled on BCCH. Such attempts shall be made during both packet idle and packet transfer modes. A mobile station in packet transfer mode may suspend its TBF(s) for this purpose (see sub-clause 5.5.1.4.2).”
2.3 Measurements for Cell Reselection in Idle Mode

The measurements for cell reselection are specified in [6]. The most important requirements for the analysis in this paper are:
· Whilst in idle mode an MS shall continue to monitor all BCCH carriers as indicated by the BCCH allocation (BA list)
· The MS shall attempt to decode the BCCH data block that contains the parameters affecting cell reselection for each of the 6 strongest non‑serving cell BCCH carriers at least every 5 minutes, if the parameters affecting cell reselection have not been provided by the network in the serving cell.
· When the MS recognizes that a new BCCH carrier has become one of the 6 strongest, the BCCH data shall be decoded for the new carrier within 30 seconds, if the information is not already available.

· The MS shall attempt to check the BSIC for each of the 6 strongest non‑serving cell BCCH carriers at least every 30 seconds, to confirm that it is monitoring the same cell. If a change of BSIC is detected then the carrier shall be treated as a new carrier and the BCCH data re-determined.
· The maximum time allowed for synchronization to a BCCH carrier is 0,5 s, and the maximum time allowed to read the BCCH data, when being synchronized to a BCCH carrier, is 1,9 s or equal to the scheduling period for the BCCH data, whichever is greater (see 3GPP TS 45.002).
The amount of the measurements the mobile station has to perform depends on the length of BA list and the number of cells the mobile station is able to measure (i.e. BCCH carriers to which the mobile stations is able to synchronize). For example, the mobile station may be required to read BSIC every 5 seconds and read BCCH data of the neighbour cells every 50s. Without going to the further details, it can be concluded that cell reselection procedures put the same or greater requirements on the mobile station in terms of radio reception as the monitoring of information in the serving cell. 
2.4 Summary 
The discussion about extension of DRX in idle mode should also include other idle mode tasks the mobile station is required to perform. In addition to that, it seems the use of SPLIT_PG_CYCLE on CCCH has been overlooked in [3].

The SPLIT_PG_CYCLE option on CCCH allows for paging cycles of approximately 15 seconds, which is approximately 7 times longer than possible with BS_PA_MFRMS discussed in [3]. The minimum requirement on BCCH reception is such that the mobile station shall receive the SI13 message once in 30 seconds if the mobile stations support change mark in the SI13 message. In this perspective, the reception of paging occurs with double frequency in comparison to BCCH reading if we omit possible decoding errors. The mobile station has to attempt the decoding of the SI13 message more frequently if it failed to receive the SI13 message (e.g. radio channel errors or scheduling changes). In the worse case, the mobile station station has to attempt reception of the SI13 message every 1.9 second.

The measurement for cell reselection is an essential task for the mobile station in idle mode and it cannot be overlooked in the persective of the proposal for extension of DRX in idle mode. As the brief excerpt from [6] shows, the mobile station may spend significantly more time and effort on measurements for cell reselection than monitoring the serving cell depending on the length of BA list, support of other technologies and the lengths of relevant neighbour cell lists.
3. Conclusions
The solution of extended DRX in idle mode addresses the key issue of MS power consumption [3]. The solution proposes a paging multiplier factor to be used together with BS_PA_MFRMS in GERAN. The current specification allows for the split pg cycle option which can extend the paging cycle supported by BS_PA_MFRMS by factor of 7 approximately, i.e. about 15 seconds paging cycle. Based on the analysis provided in this document, the extention of the paging cycle beyond currently possible 15 seconds is expected to provide only negligible gains in terms of MS power consumption in idle mode.  
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