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Discussion and Decision
1 Introduction
During the last Releases, RAN2 has done efforts to optimize the size of some System Information sent over the broadcast channel. A good example is the exercise done in Release 8 to optimize the signalling for Enhanced Uplink in CELL_FACH feature. One of the major reasons to optimize the size of the system information has been to reduce the time the UE has to delay other activities in order to acquire all the necessary System Information Blocks. This time could, for example, delay the establishment of a voice call, or postpone signalling procedures and/or user data transmission. 
This contribution focuses in the current limitations in System Information Broadcast and highlights the need to overcome these limitations in order to continue evolving HSPA without negatively affecting the user experience.

2.1 Background
System information contains basic configuration parameters. These configurations are typically used by UEs in Idle Mode; however, they are also applicable in Connected Mode for URA/CELL_PCH, and CELL_FACH RRC states. 

System information is periodically broadcasted over the BCCH channel which is mapped to a BCH transport channel carried by the P-CCPCH in the cell. P-CCPCH has a fixed spreading factor and bit rate. 
System information is comprised of three key elements: Master Information Block (MIB), Scheduling Block (SB), and System Information Block (SIB). The MIB provides references and scheduling information to a number of SIBs in the cell and may also provide references and scheduling information to the Scheduling Blocks. The MIB shall be transmitted every 80 ms. Scheduling Blocks (SBs) provide references and scheduling information for additional SIBs. System information is grouped into different System Information Blocks (SIBs), where each SIB contains information elements of the same nature. Different system information blocks may have different characteristics, e.g. regarding their repetition rate and the requirements on UEs to re-read the information.
The information carried in the SIBs may be modified at any time. There are two mechanisms used to control the validity of system information. One mechanism consists of assigning a sequence number (“VALUE_TAG”) which is incremented when the information carried in that SIB is modified.  Whenever the value tag is changed a notification is sent to the UE. Another mechanism consists of providing an expiration time value for the SIB. After the expiration time, the content of the SIB is considered invalid and the UE needs to acquire the SIB again before the information can be used.
In Release 99, 26 SIBs were defined. In Release 11, 34 SIBs are defined. Only a subset of all the SIBs is mandatory and is present in all networks. Other SIBs are present depending on the support of certain features. It is not unusual, however, that information specific for some features introduced in later Releases are broadcast in mandatory SIBs so that many of the SIBs defined in R99 have been extended to include information needed in later Releases. For example, SIB5 may take less than 3 segments in Release 99 while in Release 11, the SIB5 size may be larger than 5 segments. Similar example applies to other SIBs, e.g. SIB3. 
It can be concluded that:

· the amount of System Information has increased considerably during the past releases;

· System Information may increase when the network introduces new features;

· System Information may vary depending on, for example, the network deployment and business case;
· the combination of a fixed bit rate and that system information increases (i.e. more bits to be transmitted) will result in larger transmission time (or longer time required by the UE to acquire all the system information).  
2.2 Current Situation of System Information Broadcast 

In this Section, we outline the current situation of System Information Broadcast i.e. the number of segments each SIB takes is investigated. This is, though, an example for a “basic” configuration. A basic configuration is defined as a configuration which includes typical configurations and uses mandatory default values when possible.
The following two tables show the number of segments needed for each SIB considering no concatenation. 
	SIB type
	Segments
	Comments

	MIB
	1 
	If Multiple PLMN ids are included the MIB will contain less SIB references (more SIBs must be referenced from SB1)

	SB1
	1 – 2 
	The size depends on the number of referenced SIBs and how they are scheduled on the broadcast channel

	SIB1
	1 
	

	SIB2
	1 
	Depends on the number of defined URAs

	SIB3

	2 
	Depends on ACB, DSAC, PPAC are activated, shared networks deployments, the parameters defined for each PLMN.
This size is for a deployment in which ACB is set and parameters DSAC, PPAC parameters are common for all PLMNs.

	SIB4

	1
	

	SIB5

	5
	Depends on the E-DCH in CELL_FACH configuration. 
This size is the result of taking all possible mandatory default values for common E-DCH resources, and defining only 15 common E-DCH resources. Networks needing larger flexibility may increase the number of segments.

	SIB7

	1 
	

	SIB11

	16 
	Depends on the number of intra-frequency, inter-frequency and GSM relations listed in the SIB and whether HCS is activated or not

	SIB12

	1 
	

	SIB18

	1 
	

	SIB19
	2
	This size depends on the support of priority cell reselection (LTE, Inter-freq, GSM) and the number of LTE, UTRA and GSM frequencies listed in the SIB. More frequencies are expected in a shared network scenario.

	SIB21
	1
	

	SIB22
	1
	Depends on the E-DCH in CELL_FACH Rel-11 configuration. 
This size is the result of taking all possible mandatory default values and defining only 15 common E-DCH resources.


The total amount of segments for each SIB within a cycle depends on the repetition period. Some examples follow:
	SIB type
	Repetition Period
	Nr of segments in 1.28 period

	MIB
	80 ms
	16

	SB1
	320 ms
	4-8

	SIB1
	640 ms
	2

	SIB2
	640 ms
	2

	SIB3

	640 ms
	4

	SIB4

	640 ms
	2

	SIB5

	640 ms
	10

	SIB7

	320 ms
	4

	SIB11

	1280 ms
	16

	SIB12

	1280 ms
	1

	SIB18

	1280 ms
	1

	SIB19
	640 ms
	4

	SIB21
	640 ms
	2

	SIB22
	640 ms
	2

	
	Total
	70-74


It is to be noted that in a 1.28 seconds period, there are only 64 segments. Hence, this “basic” configuration cannot be distributed in a cycle of 1.28 seconds if the network does not concatenate SIBs. 
System Information allows concatenation of SIBs to achieve a high utilization of each segment. The example above could be optimized so that the total number of segments needed is reduced by concatenating SIBs.
	SIB type
	Repetition Period
	Nr of segments in 1.28 period

	MIB+SIB7
	80 ms
	16

	SB1
	320 ms
	6

	SIB1+SIB2
	640 ms
	2

	SIB3+SIB4
	640 ms
	4

	SIB5

	640 ms
	10

	SIB11

	1280 ms
	16

	SIB12+SIB18
	1280 ms
	1

	SIB19
	640 ms
	4

	SIB21+SIB22
	640 ms
	4*

	
	Total
	63


In this case, we obtain a total of around 63 segments in a 1.28 second cycle. This means that approximately 98% of system capacity for this cycle is used. Some additional optimizations could be achieved by further concatenation; however, further concatenation also means that more overhead (such as length indicators, segment numbers and SIB type information) needs to be included in the SYSTEM INFORMATION (SI) message which would reduce the number of octets that can be used for the actual “SIB data”. Hence, additional optimizations may return a very limited length reduction. 

The major impediment is, however, the fact that complicated scheduling (i.e. scheduling schemes where the SI message is completely filled with SIB segments) may have never been tested and there may be a considerable risk to find that some UEs may not be able to handle such configurations. There is also a limited support in the standard to use the remaining free octets of an SI message in an efficient way, e.g. it is not possible to split one SIB into many small segments and distribute them in several SI messages.
Other solutions imply to schedule less often the SIBs i.e. increasing the repetition period; however, this may impact the performance as explained in Section 2.3.
A second aspect to consider is that even though a few more segments might be gained by even further optimizing the concatenation of SIBs; it is likely that in real deployments the number of segments may be larger than shown in this example. This example has not considered the worst case scenario and there are features which have not been considered here such, per PLMN PPAC and DSAC, positioning, or extended neighbour list (SIB11bis) among others. Therefore, the problem may be more severe than shown in this contribution.
If Release 12 is taken into context, we foresee that SIBs will be affected considerably due to some of the potential Study Item/Work Item for example, Heterogeneous Networks, WLAN/3GPP interworking, and MTC. So the problems and limitations we already see in Release 11 will be magnified further in Release 12.
2.3
Impact of system information change

This chapter presents some very common cases which are impacted by the system information reading and the system information length. 
All these examples show that lengthy system information has consequences which are noticeable to the end user and it will have performance impact. For example, longer call setup time, voice interruption time, unavailability to receive paging, or user data interruption may be some of the impacts due to lengthy system information.

Impact on legacy UE

Typically, 3GPP introduces features in such a way that they do not affect the performance of legacy UEs. However, when the system information is increased, all the UEs will be affected by this. In other words, increasing the repetition period for legacy SIBs to make room for new SIBs, or increasing the size of legacy SIBs will also increase the overall SIB acquisition time for legacy UEs.
CS fallback from LTE 

UEs which are re-directed from LTE to UTRA because of a CS voice call need to acquire the SIBs prior to starting the RRC Connection procedure in a UTRA cell. 
The introduction in LTE of a container in the RRC Connection Release message which may include the UTRA SIBs) may help to reduce this delay. However, in many cases the UE will not get the SIBs for the selected UTRA cell in advance (either because the network may not be able to use these mechanisms or the SI container is limited to just a few UTRA cells). Then, the UE must read the full system info prior accessing. 

Cell Reselection

Upon reselecting to another cell (inter-frequency or inter-RAT), the UE is required to read the System Information before the new cell can be accessed.  During this time, the UE cannot be reached; hence, no DL data or paging can be conveyed to the UE. The UE cannot either transmit any UL data.

RRC state switch from CELL_DCH to CELL_FACH

This case is similar to cell re-selection, when the UE is reconfigured from CELL_DCH to CELL_FACH state, the UE may need to acquire the System Information. This will mean longer time to complete the reconfiguration procedure.
Call re-establishment

Upon a RL failure or RLC unrecoverable error in CELL_DCH state, the UE may also need to read the system information prior performing a cell update. As a consequence, there will be an additional voice and data interruption time equivalent to the time it takes to acquire all the SIBs.
RRC Connection Reject/Release with redirection

Upon an RRC Connection Reject/Release with re-direction, the UE may need to read the system information of the new target cell before the call can be established. This will delay the call setup time. 

3 Summary and Conclusion
This contribution have shown some of the current limitations and problems in the System Information structure and Broadcast mechanism. In brief:

· A basic SIB configuration is just in the limit of a reasonable scheduling cycle i.e. SIBs in real deployments may not fit.
· More system information and/or longer repetition periods will have a direct impact on the SIB acquisition time. Impacts may be, for instance, longer call setup time, voice interruption time, unavailability to receive paging and user-data interrupt.
Since the broadcast channel is read and needs to be understood by all UEs currently deployed in the networks, there is very limited flexibility to change the format of the existing broadcast channel. All SIBs needed for deployed UEs need to be transmitted using the Rel-99 framework for system information distribution.

In order to secure the HSPA growth for coming releases there is a need to extend the system information capacity, while maintaining backwards compatibility for existing UEs.
Proposal
Discuss the merits of enhancing System Information Broadcast in the framework of Release 12.
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