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1 Introduction

This paper concerns system information scheduling. The main aim of the paper is to provide information that should help focussing on what the main goals of the the system information scheduling should be. The document does not include a recommendation, but raises the main issues to decide before concluding the solution.
2 Discussion

2.1 Description of dynamic scheduling proposals

The dynamic scheduling mechanism proposed by in [1], from now on referred to as ‘Windows based scheduling scheme’,  can be summarised as follows:

· System information is scheduled within semi-static ‘windows’ i.e. a set of consecutive sub-frames with a defined start and end

· System Information corresponding with different SUs may be scheduled in these windows

· PDCCH is used to indicate

· Whether system information is scheduled

· If so, it also indicates:

· The physical resources & transport format

· The SU that is included (by means of an SU-specific RNTI)

· If not, PDCCH can indicate ‘end of system information’

· Again using a specific RNTI value

The dynamic scheduling mechanism proposed in [2], from now on referred to as ‘Consecutive scheduling scheme’, can be summarised as follows:

· Scheduling information only indicates the RF in which the SU starts

· UEs start reading PDCCH from the start of the indicated RF

· After having detected system information, UEs continue monitoring PDCCH until system information is not indicated for N consecutive sub-frames

· i.e. this N-absence is regarded an indication of ‘end of system information’
· N could be a fixed value

· The need for a value of N other than 1 is FFS

· PDCCH is used to indicate

· Whether system information is scheduled (using one special RNTI value)
· If so, it also indicates:

· The physical resources & transport format

· The SU(s) that is(are) included (i.e. a special PDCCH format is used)

2.2 Scheduling flexibility needs

Firstly, it is important to identify if there really are significant problems/ limitations if E-UTRAN is required to schedule system information in consecutive sub-frames. Tab. 1 provides an indication of the number of sub-frames required for accommodating a certain amount of information bits.
	SI size
	1.25 MHz
	5 MHz
	Comment

	5000b
	21- 31
	5- 7.5
	May represent the size of the total system information

	2000b
	8- 13
	2- 3
	May represent the size of a large SU

	1000b
	4- 6
	1- 1.5
	


Tab. 1 Required #sub-frames

Note 1
At this stage it is difficult to estimate the size of the different SUs as well as the total size of the system information. 

Note 2
In Tab.1 the following number of information bits per sub-frame are assumed: 1.25 MHz: 160- 240b, 5 MHz: 670- 1000b (at a coding rate of 1/6- 1/9)
When scheduling system information in consecutive sub-frames, E-UTRAN has the option to use a limited number of PRBs in each of the sub-frames to cater for other traffic. Such a strategy implies that more sub-frames will be used to transfer system information, which affects the UE’s power consumption. This can be illustrated by means of an example:
Lets assume that:
· When using all PRBs, 10 sub-frames are needed to transfer system information

· When using all PRBs, a minimum of 3 sub-frames is needed per radio frame to accommodate other traffic
· When supporting the other traffic by using fewer PRBs for system information in some of the sub-frames, at least 14 consecutive sub-frames are needed

· When using System information scheduling windows, it is possible to only use 10 sub-frames for system information with a gap in-between that can be used for other traffic
One can question if the gains of the windows based scheme can be achieved in practice:
· It is assumed that eNB Tx power constraints limit the number of PRBs that can be used for system information

· SUs may have different repetition periods, meaning that the amount of system information to be transmitted at the different ‘occasions’ is variable. It is assumed that the window(s) is (are) tuned for the case in which all system information is transmitted. It is unclear how the UE behaves at the other ‘occasions’
Based on the above, our proposal is as follows:

· To adopt the ‘Consecutive scheduling scheme’,
· To fix the value of N to 1

2.3 UE power consumption, which case to focus on

2.3.1 Scenario’s & occurrence
The main cases to optimise are considered to be the following:
· Cell re-selection case i.e. when the UE needs to acquire all system information: on average occurring once per 20s
· Change of dynamic system information (i.e. like the interference info in UTRA): on average occurring once per say 40s
The following cases are considered to be of marginal importance (account for only something like 0.02% of the System information acquisition cases)
· Change of semi-static system information: on average occurring say once a day
· Return from Out of Service (OoS): assumed to occur similarly infrequent
2.3.2 System information scheduling example
Let’s consider the following example

· UE needs to acquire SU-1, SU-2 and possibly others

· SU-1 is scheduled every 8 frames, includes SB and SIB-1, total size in range 100- 350b (multiple PLMNs) i.e. at most .5 sub-frame equivalent @ 5MHz

· SU-2 is scheduled every 32 frames, includes SIB-2 through SIB-5, total size in range 1500- 5000b (mainly NCL) i.e. 1.5 up to 7.5 sub-frame equivalent @ 5MHz

· Furthermore, we could have (FFS)

· SU-3, scheduled every 8 frames, including a SIB with dynamic common and shared channel information, size would be quite small i.e. less than 100b

· SU-4, scheduled infrequently e.g. every 256 frames for pre-defined configurations and/ or positioning assistance data. Size could be considerable

Scheduling considerations

It is desirable to minimise the UE power consumption for the cell re-selection case i.e. the case in which the UE needs to acquire the entire BCCH. In this case, it is likely that the UE acquires the SUs repeated more frequently before the ones repeated less often. E.g. if the UE enters the cell at RF 5 in the example of Fig. 1, it is likely that the UE only needs to acquire the ‘pink’ SU at RF 131. To avoid that the UE re-reads the more frequently repeated SUs, E-UTRAN could schedule the SUs with the lowest repetition rate first.

There may a significant number of occurrences in which the UE only needs to acquire the dynamic BCCH information – hence this case should also be optimised. This optimisation could be achieved if E-UTRAN schedules the dynamic SU as the first. It is noted that this somewhat degrades the power consumption for the cell reselection case. However, the dynamic information, if used, is expected to be relatively small. Hence, the degradation of the cell re-selection case is limited.

For the example provided in the previous, this would result in the following scheduling order: SU-3 (dynamic), SU-4 (FFS), SU-2, SU-1. Fig. 1 illustrates the resulting scheduling for this example with yellow: SU-3, pink: SU-4, blue: SU-2, green: SU-1.
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Fig. 1 System information scheduling example
2.3.3 Evaluation

In this section we evaluate the gain of additional mechanisms compared to the example provided in the previous.

The analysis of the dynamic BCCH information acquisition in the previous section assumes that the UE only reads PD-SCH for a single sub-frame. However, this is possible only if the UE is aware that no (parts of) SU-3 are present in the following sub-frames. One way to provide this functionality is by indicating on PDCCH the SU that is being scheduled. This could either be done by means of an SU-specific RNTI value as proposed in [1] or by indicating the SU on the PDCCH (i.e. using a special format for BCCH mapped to DL-SCH) as proposed in [2].

The analysis of the cell re-selection case in the previous section already indicated that the power consumption is sub-optimal when assuming the transmission order as given in the scheduling example: it is likely that the UE reads PD-SCH in additional sub-frames because it has read SU-3 already when reading SU-2 and SU-4 (see note 2). This could be again optimised by indicating on PDCCH the SU that is being scheduled.
Note 1
The assumption is that something like 90% of the UEs succeed with 1 repetition, while the remaining 10% need 2 repetitions on average

Note 2
When reading the ‘occasion’ where SU-4 is scheduled, only a small portion of the UEs still needs to acquire SU-3: 1/8 of 90% of the UEs + 1/4 of 10%= ~14% ( 86% of the UEs uselessly re-reads SU-3. There is a change of 7/8 that the UE acquires SU-2 at a different occasion. Also at that occasion, only a small portion of the UEs still needs to acquire SU-3: 1/4 of 90% of the UEs + 1/2 of 10%= ~28%.( 7/8 of 78% (= 63%) of the UEs uselessly re-reads SU-3. In case this useless SU-3 reading concerns the reading of the PD-SCH in an additional sub-frame, the average number of additional sub-frames read corresponds is: 0.86+ 0.63= 1.49. It should be noted that in many cases SU-3 may be quite small i.e. in many cases the UE may not even read additional sub-frames
Final considerations

· The relative power consumption gain that we expect from indicating the SU on PDCCH is considered insufficient to justify the additional complexity associated with introducing a BCCH specific PDCCH format or associated with checking for additional RNTI values
Based on the above, our proposal is as follows:

· Not to indicate the SU on PDCCH

· Not even if we don’t have dynamic system information

· Neither by means of a specific RNTI nor by means of a BCCH specific PDCCH format

3 Conclusion & recommendation

This paper analysed solutions proposed for system information scheduling. RAN2 is requested to consider the following proposals that are based on our analysis:

1 To adopt the ‘Consecutive scheduling scheme’,
2 To fix the value of N to 1

3 Not to indicate the SU on PDCCH
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