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1 Background
A new work item for "Enhanced Broadcast of System Information" has been proposed in RAN plenary [1]. These BCH enhancements were also discussed in RAN2 [2]. Concern has been raised whether there is a problem with the BCH capacity or when this problem would become urgent. In this contribution further (quantitative) information is provided on these aspects, i.e. the following aspects will be addressed:

· Longer SIB repetition periods

· Potential SIB5 and SIB11/11bis load impact

· Additional BCH impact in each release

· UE battery consumption impact
Furthermore the introduction of Enhanced Broadcast of System Information is further discussed. In the following the Enhanced Broadcast of System Information is referred to as BCH2.
2 Discussion
2.1 Quantitative analysis
There are different factors determining the BCH load, such as the configuration (repetition period, scheduling, segmentation/concatenation), the number of features broadcasted, the amount of information broadcasted (e.g. number of neighbours for measurements, the number of signatures for access), etc. In [2] it was analysed that for a "basic" configuration, including up to REL-11 functionality, the BCH is already highly loaded. Concatenation can be used to improve utilization, but this mechanism also introduces overhead, and has its limitations, as pointed out in [2]. 
2.1.1 Longer SIB repetition periods
The BCH load can be reduced by increasing the SIB repetition periods, but this goes at the expense of the latency and thus has a negative impact on use cases such as CS Fallback, cell re-selection, RRC state change, cell update in case of RLC unrecoverable error or RLF, and redirection, as pointed out in [2]. The "basic" example in [2] assumes a repetition period of 640 ms in most cases, except for the measurement control info in SIB11/11bis/12 where reading may be postponed in case Deferred Measurement Control Reading (DMCR) is enabled. It is possible to increase the repetition period, however with every increase the period is doubled, and thus the latency is doubled. Given that the repetition period is doubled every time, also implies that practically the number of possible values is limited. Furthermore a long period of 2.56 seconds is problematic for essential SIBs that the UE shall acquire as soon as possible. To the knowledge of the author a repetition period of 2.56 is not observed in the field. And for large SIBs consisting of multiple segments, taking into account possible reception failures in the UE and the SIB re-assembly requirements to discard system information blocks of which segments were missing (section 8.1.1.1.4 in 25.331), successful reception of the complete SIB may take more than one repetition period. 
In case all SIBs are broadcasted with the same repetition period, and the repetition period is doubled, then the BCH capacity doubles as well. However SIBs/SBs may have different repetition periods, and the MIB is broadcasted with a fixed interval of 80 ms. Scheduling block 1 and 2 could also be broadcasted with a high frequency to decrease SIB reading (e.g. 320 ms). Furthermore information in SIB7 that needs to be updated frequently, and reading is triggered by an expiration timer, is scheduled more often (e.g. 80 - 160 ms). 
From the reference figures used in the "basic" example in [2], it can be seen that the MIB and SIB11 both take 25% of the capacity. The former is due its frequency, the latter due the information content. Furthermore SIB5 also takes a relatively high percentage of the BCH capacity: 
	IE(s)
	Repetition Period
	Segments
	Segments/1.28 sec
	Percentage 

	MIB + SIB7
	80 ms
	1
	16
	25%

	SB1
	320 ms
	1 – 2
	4-8
	13%

	SIB1 + SIB2
	640 ms
	1
	2
	3%

	SIB3 + SIB4
	640 ms
	2 (30 + 15 octets)
	4
	6%

	SIB5
	640 ms
	5
	10
	16%

	SIB11
	1280 ms
	16
	16
	25%

	SIB12 + SIB18
	1280 ms
	1 (11 + 12 octets)
	1
	2%

	SIB19
	640 ms
	2
	4
	6%

	SIB21 + SIB22
	640 ms
	1 (2 + 28 octets)
	2
	3%


From the table above it can be seen that SIB5 and SIB11 put a relatively high demand on the BCH capacity, while the other SIBs use a much smaller fraction. For the smaller SIBs the number of octets assumed in the "basic" example in [2] is listed between brackets in the table above, giving an idea on the concatenation options and limitations. At most two SIBs can be concatenated at a time in this example.
In the example in the table above 63 out of a possible 64 segments per 1.28 second cycle are used. Thus in case more than 1 segment needs to be added to the system information, the repetition periods for essential SIBs need to be increased from 640 ms to 1.28 seconds. Furthermore if more than 12 segments need to be added then one or more of the SIB repetition periods has to be increased from 1.28 to 2.56 seconds. 
In the example above, assuming that all repetition periods are doubled, but the maximum period is 1.28 seconds, then the capacity is not improved more than 50%. The BCH capacity does not increase linearly with the repetition period(s). Furthermore long repetition periods should be avoided, as they affect use cases such as for example CS Fallback. For CS Fallback the acquisition time can be reduced by using either DMCR or providing UTRAN system information in advance in a system information container. However, DMCR is only applicable for certain SIBs and the number of cells for which system information can be signalled in the system information container is also limited.  
For reference it is noted that in LTE the MasterInformationBlock scheduling period is 40 ms, and the SystemInformationBlockType1 carrying the scheduling information has a fixed scheduling period of 80 ms. The possible SIB periodicity ranges from 80 ms to 5.12 seconds, compared to 40 ms to 40.96 seconds in UMTS. Furthermore repetition periods for SIBs in life LTE networks are typically shorter than for UMTS. Repetition periods that have observed in the field are listed in the table below: 

	SIB
	Observed value(s)

	SIB2/3
	80 – 160 ms

	SIB5
	320 – 640 ms

	SIB6/7
	640 ms


To remain on par with LTE it is not advantageous to increase the repetition periods in UMTS.
Observation: Longer repetition periods increase the BCH capacity, but the possible configuration values are limited, and the capacity does not increase linearly with the repetition period. Longer repetition periods have a negative impact on signaling use cases, and increase the latency difference with LTE.
2.1.2 Potential SIB5 and SIB11/11bis load impact
The potential impact of common E-DCH configurations on SIB5 was analyzed in [3]. There it was estimated that when the NW broadcasts 32 resources explicitly, instead of using MD values, 8 more segments would be needed. 

Furthermore it was noted that SIB11 is one of the largest SIBs which can take up to 16 segments. HCS, which is increasingly deployed, and cell specific parameter tuning increase the SIB11 size significantly. 
Observation: The potential increase in SIB5 and SIB11 size, due to explicit resource signaling and additional re-selection parameters, can increase the BCH significantly, even such that a repetition of 2.56 seconds is needed to support this increase.
2.1.3 Additional BCH impact in each release
In each release new functionality is added, but the number of new features in each release is different, and the impact of each feature on the BHC, if any, is different. An attempt is made to evaluate the impact on the BCH for each release in the table below:
	IE
	Main functional increase
	SIB impact

	Rel-7
	HSDPA in CELL_FACH
Deferred measurement reading
	Low

	Rel-8
	Enhanced uplink in CELL_FACH
PPAC
Absolute priority based cell re-selection Enhanced UE DRX

Support of UTRA HNB (CSG)

ETWS
	Medium/High

	Rel-9
	H(e)NB enhancements
	Low

	Rel-10
	CN overload protection MTC
Multiple Frequency Band Indicator
	Low

	Rel-11
	Further enhancements to CELL_FACH

RAN overload control for MTC
	Medium/High

	Rel-12
	Further EUL Enhancements

UMTS Heterogeneous Networks

BeiDou Navigation Satellite System
Scalable UMTS FDD bandwidth
WLAN/3GPP Radio Interworking
RAN aspects of MTC
	Medium/High


In the table above the features that have a high impact on the BCH capacity are marked red. For these features the impact on the SIBs is listed below: 
	Feature
	Comment

	Enhanced uplink in CELL_FACH
	SIB5

	PPAC/DSAC
	SIB3

	FE-FACH
	SIB22

	Further EUL enhancements
	New SIBx?

	UMTS HetNets
	New SIB11xxx?


The biggest impact comes from the access related information for common E-DCH (REL-8), PPAC (REL-8), DSAC (REL-6), FE-FACH (REL-11), and further EUL enhancements (REL-12). Furthermore the potential increased neighbor cell information for small cells has also a big impact on BCH load. Finally it is noted that not only new features impact the BCH capacity, but also extended information broadcasted for legacy functionality can increase the BCH load (e.g. increased number of neighbors in SIB11bis, per PLMN access restrictions PPAC/DSAC, and positioning information for GPS/OTDOA, new frequency bands, MFBI, etc). 

In every release the system information is increased, although it is difficult to estimate the number of new SIBs, and increased size of existing SIBs for new releases. But without doubt the amount of system information can be assumed to grow in every release. The "basic" example in [2] included functionality up to REL-11, and showed a highly loaded BCH. The REL-12 features such as further EUL enhancements and HetNet for UMTS potentially have a high impact on BCH (w.r.t. barring information and extended neighbor information for small cells). 

Observation: Considering the new features up to REL-12 that impact the BCH, the BCH limit can be reached.
2.1.4 UE battery consumption impact
When the UE is stationary the battery consumption to read system information is negligible. When the UE is stationary the UE needs to re-read system information after 6 hours, and system information is typically not updated frequently. However when roaming the UE needs to read the complete System Information (SI) each time after cell re-selection to a new cell. Unless the UE implements intelligent power savings during SI acquisition, taking into account SIB scheduling and reception failures, longer repetitions periods increase (i.e. double) the power consumption. It should be noted that the possible power savings become more limited when the BCH becomes full. Furthermore there is an overhead to wake-up and go-to-sleep during short idle times. 
Assuming a UE in high mobility state, for example a car at 50 – 75 km/h (urban) and a cell radius of 250 - 300 meters (urban) gives a cell re-selection every 12 - 22 seconds. To obtain a particular SIB it would take 0.5 the repetition period on average to acquire the SIB, assuming there are no reception failures. However the UE needs to acquire multiple SIBs scheduled at different times, i.e. the acquisition time approaches one repetition period in case of many evenly distributed SIBs to acquire. In case of a repetition period of 1.28 seconds, the radio on time is 6% - 10%, i.e. the power consumption impact is not negligible. 
Observation: The power consumption for UEs in high mobility state may suffer from frequent SI acquisitions due to cell re-selections, especially when the BCH becomes full. 

2.2 Introduction of BCH2
It is fair to state, that the timing to introduce BCH2 may differ between NW vendors / operators, but eventually the BCH limit will be reached. To create flexibility in the deployment and introduction of BCH2, the BCH2 should be viewed as an additional option to the legacy BCH for offloading. It could be indicated on the legacy BCH, what functionality is broadcasted on BCH2. For example, if it is assumed that BCH2 is introduced in REL-12, then BCH2 only broadcasts REL-12 and beyond SIBs, because only REL-12 UEs would be able to read BCH2, i.e. legacy UEs only see and read the legacy BCH. The legacy BCH broadcasts the BCH2 configuration information, and also the scheduling information of BCH2. Provided that the legacy BCH has spare capacity, REL12 SIB could also be broadcasted on the legacy BCH (although this is considered less likely). BCH2 basically allows the legacy BCH to be offloaded with REL-12 functionality if needed. Furthermore even if in some cases REL-12 functionality may originally fit on the legacy BCH, it is possible that later changes (not necessary REL-12 related changed) cannot be supported by the legacy BCH, and then there could be a need for BCH2 capacity increase in a later phase. For example if there is a wish to reduce the WCDMA repetition periods, to become on par with LTE, then the legacy BCH capacity may soon become insufficient. Furthermore it is good to have some margin on the legacy BCH, because both introduction in 3GPP, and deployment in the networks, will take time. 

Observation: Given that the BCH is expected to reach it's limit rather sooner than later, but also to maintain a safety margin on the legacy BCH, it is proposed to introduce an option to offload the legacy BCH with a secondary BCH2 in REL-12.
3 Summary

The possible load on the BCH for different use cases and configuration scenarios is further investigated in this paper. It is shown that based on the supported features, the amount of information broadcasted and BCH configuration, the BCH capacity can be reached in REL-12 and therefore calling for a possibility to offload the legacy BCH with an additional BCH2 in REL-12. 
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