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1. Introduction

This paper discusses the scheduling & organisation of the flexible system information. The main proposal is not to provide scheduling information for each SIB but only for a limited number of ‘scheduling units’ (SU). An SU includes all the SIBs that have the same scheduling requirements. Furthermore, the proposal is to include only the scheduling information of SU-1 in the static system information (P-BCH). The scheduling information for the other SUs is included in SU-1.
2. Discussion

2.1 Introduction

The LTE system information is currently categorised as follows [1]:
1. Information that can be valid across multiple cells e.g. GPS assistance data

2. Information which needs to be read at cell/PLMN search

3. Information which is needed prior to camping in the cell

4. Information which are needed before accessing (transmission/reception) a cell

5. Information which is needed while camped in the cell
At present a high level grouping of system information is proposed in accordance with its transmission [1]:
1. A static part, transmitted frequenctly i.e. on a ‘Primary BCH’ (P-BCH)

2. A flexible part, transmitted less frequently i.e. on a ‘Secondary BCH’ (S-BCH)

3. A dedicated part, transmitted via dedicated signalling i.e. DL-SCH

According to [1], the static part of the system information may include a variety of information. However, the flexible part could be scheduled rather frequenly. Hence, the static part i.e. the part that uses a fixed/ pre-determined L1 configuration, in principle only needs to include the L1 configuration of the flexible part i.e. the L1 configuration of the S-BCH.

This contribution focusses on the flexible part i.e. the part transmitted on the S-BCH.

2.2 Concentrated or distributed S-BCH transmission
We can either transfer the S-BCH information in a concentrated manner using a larger bandwith or in a more distributed manner using a lower bandwith. The two approaches are illustrated using example configurations assuming that the required S-BCH information is 6kb and is on average repeated every 640ms.
Concentrated transmission

In this example S-BCH applies 5 MHz bandwith, in which case roughly 8.5 TTIs are required per S-BCH repetiton period. This is based on the following:
· Each TTI carrying 600 bits (98% coverage, Tx power 42 dBm, BLER 1%,  1/12 code rate, TC, see [2])
The following figure shows a possible transmission scheme.
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Fig. 1 Concentrated S-BCH scheduling example
Note 1
If distributed, the above corresponds with 0.13 TTI per RF

Distributed transmission

In this example S-BCH applies 1.25 MHz bandwith, in which case roughly 47 TTIs are required per S-BCH repetiton period. This is based on the following:

· Each TTI carrying 106 bits (98% coverage, Tx power 37 dBm, BLER 1%,  1/16 code rate, CC, see [2])

The following figure shows a possible transmission scheme.
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Fig. 2 Distributed S-BCH scheduling example
Note 2
The above corresponds with 0.74 TTI per RF

Comparison
A concentrated approach has a number of advantages: reduced UE battery consumption, higher coding gains, less scheduling information (i.e. reduced signalling overhead). The primary disadvantage of the concentrated approach is that it requires a higher eNB Tx power.
Note 3
In [3] we showed that it is more efficient to apply large blocks i.e. coding gain wins from repeating segments (the option to re-assembe segments received at a different transmission occasions). From this perspective, it is beneficial to apply a larger bandwith for S-BCH.

Proposal 1
Apply a concentrated transmission scheme

The eNB Tx power may impose some limitations on the actual level of concentration that is used. In case BCH applies most of the eNB Tx power, the scheduling of other traffic may be affected. The eNB could use the remaining bandwith to predominantly schedule UEs close to the eNB.
2.3 RRC system information message size/ design
The following table summarises the default SIB schedule as defined in 34.108.

	SIB type
	Repetition
	Segments
	Scope
	State
	Modification

	MIB
	8
	1
	Cell
	Idle, connected
	Value tag

	SB-1
	16
	1
	Cell
	Idle, connected
	Value tag

	SIB-7
	16
	1
	Cell
	Idle, connected
	Exp. timer

	SIB-1
	64
	1
	PLMN
	Idle, connected
	Value tag

	SIB-2
	64
	1
	Cell
	URA_PCH
	Value tag

	SIB-3
	64
	1
	Cell
	Idle, connected
	Value tag

	SIB-4
	64
	1
	Cell
	Connected
	Value tag

	SIB-5
	64
	4
	Cell
	Idle, connected
	Value tag

	SIB-6
	64
	4
	Cell
	Connected
	Value tag

	SIB-11
	64
	3
	Cell
	Idle, connected
	Value tag

	SIB-12
	64
	3
	Cell
	Connected
	Value tag

	SIB-18
	64
	1
	Cell
	Idle, connected
	Value tag


Tab. 1 Default SIB schedule

Note 4
Since the size of SIB 11 may exceed 16 segments (i.e. significantly larger than in the default SIB schedule), SIB 11ext was introduced recently. The maximum size of the SIB11+SIB11bis is now around 7kbits.
The default SIB schedule as illustrated in Tab.1 shows that most SIBs are relatively small i.e. less that 220 bits. SIB 5/6 and SIB 11/12 are the main exceptions, with SIB 11 now having a maximum size of around 7 kbits (including SIB 11ext). If we have neighbouring cell information of similar size (5000 bits was previously estimated), the SIB 11 equivalent would comprise of 9 segments.

The probability of receiving a message correctly decreases when the number of segments increases. If all messages require a similar quality of service, this means that large RRC messages determine the S-BCH configuration parameters (e.g. Tx power) required to ensure sufficient reception quality. This would suggest that the RRC system information messages should be designed in a manner resulting in comparable message sizes. E.g. it is possible to split the neigbouring cell information e.g. by having a separate message for (part of the) intra- frequency neighbours (i.e. a somewhat further split compared to what we have with SIB11 and SIB11bis). The splitting of the neighbouring cell information decreases the average delay until the UE has acquired the best candidate target cell.

Creating messages of equal size is not necessarily beneficial; there is no benefit if the UE needs to acquire all SIBs correctly before being able to proceed. There is no benefit if in most of the cases that triggering the UE to acquire SIBs, it needs to receive all related SIBs before proceeding.
Proposal 2
Design, as much as possible, system information messages in a manner resulting in the same message sizes unless in most cases the UE anyhow needs to acquire all related SIBs before progressing
2.4 Independent scheduling of SIBs

In UMTS scheduling information is specified for each system information block i.e. each block may be scheduled independantly. However, it seems that many SIBs apply a similar repetition period. In such a situation the main use of separate scheduling information is to facilitate reading of individual SIBs i.e. upon change of an individual SIB. The benefit of this not only depends on how often individual SIBs change, but also on the transmission scheme i.e. in a concentrated scheme there is less gain.

In case a concentrated scheme is used, it seems sufficient to introduce a limited number of scheduling units (SU) e.g. as follows:
SU 1
Primary info, e.g. transmitted every 4 frames

SU 2
Secondary info, e.g. transmitted every 32 frames

SU 3
Tertiary info, e.g. transmitted every 128 frames

Proposal 3
Provide scheduling information (including modification info e.g. value tag) not for individual SIBs but only for a limited number of ‘scheduling units’

2.5 S-BCH organisation

We consider the following aspects to be the main factors for deciding the structure/ grouping of the flexible system information: Acquisition time, dynamicity, area scope, size (and possibly size variation).
Acquisition time (urgent, not very urgent)
The acquisition time is considered to be an important, probably the primary, criteria for organising the flexible system information.

Dynamicity (static, semi-static, dynamic)
In UTRA most of the system information is not very dynamic. The only exception is SIB-7, which contains the fast changing parameters UL interference and Dynamic persistence level. It would be undesirable to include dynamic information in a large SU, since that would imply that the UE frequently re-reads a lot of information unnecesarily.
Note 5
Related to this is how to indicate that the acquired information has expired (i.e by means of a value tag or an expiry timer)

At present, there is only one SIB using an expiry timer: SIB-7. In our understanding, the latest discussions on SIB-7 concluded that the information is less dynamic than earlier anticipated. From this perspective it seems possible to apply a value tag also for this type of information.

It is assumed that SIB-7 is included in the ‘most urgent’ SU and that the scheduling information (including value tag) of this SU is provided on P-BCH i.e. indicated frequently. This means that the UE need not be paged whenever there is a SIB-7 change.

Proposal 4
Use value tags as the means to indicate modifications of system information
Area scope (cell, PLMN)
Most of the system information is valid only in a specific cell. In UMTS, the exceptions are SIB-1 (NAS system information e.g. LA identity), and SIB 15.3 (Positioning assistence data) and SIB 16 (Pre-configuration information).
It is undesirable to include a significant amount of system information with PLMN area scope in an SU with area scope set to ‘Cell’ since that would imply that upon every cell change the UE re-reads a lot of information unnecesarily. Hence, if there is a significant amount of system information with area scope set to PLMN, a separate SU seems desirable.

Size

In the previous, this parameter has been discussed i.e. in relation to the other factors.
Based on the analysis in the above we propose a grouping as illustrated in the following table. This grouping reflects that the most urgent SIBs (i.e. the info required at search & prior to camping e.g. the MIB) are on P-BCH, the urgent SIBs (i.e. the info required to accessing e.g. SB, SIB-7) are in SU-1, the non-urgent SIBs (e.g. SIB-15, 16) are in SIB-3 and the other SIBs are in SU-2. It may well be that in future the need for an additional group is identified (e.g. a group of cell specific information with high acquisition time).

	SU
	Acquisition time
	Size
	Area scope
	Modification
	Contents
	Comment

	1
	Low
	Low
	Cell
	Value tag
	Initial access info, Scheduling information
	Info needed prior to accessing

Due to the low size, it is possible to accommodate dynamic information

	2
	Medium
	Medium
	Cell
	Value tag
	Neighbourinc cell information
	Info needed when camping

	3
	High
	High
	PLMN
	Value tag
	Positioning assistence data
	May also include pre-configuration information



Tab. 2 Proposed Scheduling Units

It is assumed that most system information is relevant both in idle and connected state. In this case there is no gain to have separate SUs for the different states, especially in case of concentrated transmission. 

Proposal 5
Apply 3 or 4 scheduling units, mainly based on the required acquisition time. The further details of the proposal are provided in table 2

The scheduling information of SU-1 should be included in P-BCH. The scheduling information of the other SUs may be included in SU-1

Proposal 6
P-BCH includes the scheduling information of SU-1. The scheduling information of the other SUs may be included in SU-1

2.6 Summary
The proposal in the previous can be summarised as follows:
· There are 3 or 4 scheduling units (SUs)

· Each SU includes SIBs having similar scheduling requirements

· SIBs are as much as possible designed in a manner resulting in the same message sizes
A relevant question is whether we could do without separate SIBs i.e. with all information just included in the SUs. This discussion is similar to the discussion on creating messages of equal size; i.e. there is no benefit in having separate SIBs if anyhow the UE needs to acquire all SIBs correctly before being able to proceed. 

It is difficult to claim that there will never be a case where the UE would benefit from having acquired a single SIB. Moreover, the UE behaviour may be more difficult to specify if there are only a limited number of general purpose SUs. Considering this, our proposal is to apply SIBs in addition to SUs.

The following figure provides an example of the proposed S-BCH organisation. It should be noted that the colors of the SUs also re-appear in the RFs in which system info is scheduled i.e. RF#3 includes SU-1 (green), SU-2 (blue), SU-3 (pink), RF#7 includes SU-1, SU-2, etc.
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Fig. 3 Proposed S-BCH organisation
The example can be characterised as follows:

· The scheduling of SU-1 is indicated on the P-BCH

· SU-1 is repeated every 4 frames and includes a scheduling block as well as SIB-1 and SIB-2 (fictive names i.e. not the same contents as the corresponding UTRA SIB)

· SU-2 is repeated every 32 frames, aligned wit SU-1 (i.e. the same ‘offset’ but a different periodicity)

· SU-3 is repeated every 128 frames, again aligned with SU-1
The scheduling block (SB) would indicate for each SU the scheduling info (offset & repetition) as well as the value tag. The SB could also indicate for each SIB the SU in which it is contained. This flexility may not be needed i.e. the mapping to SU’s could also be fixed in the standard.
It is recognised that the size of SU-1 is less critical than the size of the P-BCH information. Hence, there is somewhat less of a need to avoid separate scheduling information for each of the SIBs included in SU-2, SU-3 and onwards. For large SIB-s, the use of an individual value tag still may be desirable.

3. Conclusion & recommendation

In this contribution we have analysed the organisation of flexible system information, which resulted in the following proposals:

1. Apply a concentrated transmission scheme

2. Design, as much as possible, system information messages in a manner resulting in comparable message sizes
3. Provide scheduling information not for individual SIBs but only for a limited number of ‘scheduling units’
4. Use value tags as the means to indicate modifications of system information
5. Apply 3 or 4 scheduling units, mainly based on the required acquisition time. The further details of the proposal are provided in table 2
6. P-BCH includes the scheduling information of SU-1. The scheduling information of the other SUs may be included in SU-1
We request RAN2 to consider the above proposals, and if agreeable, to reflect these in the E-UTRA specifications.
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