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1. Introduction

During the RAN2#56bis meeting 3 potential types of BCHs were identified:

· P-BCH: fixed, every 10ms, bandwidth limited to 1.25 MHz.

· S-BCH: fixed, less frequently repeated, bandwidth may be larger than 1.25 MHz.
· ‘T-BCH’: Dynamic i.e. flexible resource allocation, scheduled using L1/ L2 control (rough scheduling information provided via semi-static ‘scheduling info’). 
The paper first analyses if there is a real need for both an S-BCH and a T-BCH. Our analysis did not identify a clear need for two (semi) fixed types of BCH i.e. we believe it is sufficient to have a P-BCH and a ‘T-BCH’ as defined abovely.

In this paper we also try to identify which system information is most time ciritical, by considering the main mobility scenarios. Furthemore, an estimate of the expected size and required periodicity is provided.

Finally, the paper shows a possible BCH transmission scheme that is based on our BCH scheduling proposal [1]. In the proposed scheme, the P-BCH carries the most critical information while the T-BCH carries all other system information. Scheduling information is not provided for each individual SIB, but only once for the SIBs with similar scheduling requirements. Such SIBs are considered to be part of the same ‘Scheduling Unit’ (SU). P-BCH carries the scheduling information for the medium time-critical system information (SU-1)’. The scheduling information for the other SUs is contained in SU-1.

2. Discussion

2.1 Need for S-BCH and/ or T-BCH
In this section we disuss if there is a need for an S-BCH with characteristics that differ from those of the T-BCH.

S-BCH bandwith

It has been suggested that the S-BCH bandwith may be limited e.g. to 1.25 MHz. However, to limit the acquisition time for the UE, use of a large bandwith as beneficial. Nevertheless, it is desirable to somewhat limit the BCH bandwidth so the eNB still has power left to use the remaining bandwith (for closeby UEs). In order to avoid signalling, it is proposed to adopt a simple fixed rule e.g. as follows

System bandwith

S-BCH bandwith

1.25                    

1.08 (6 RBs)

2.5                     

2.16 (12 RBs)

5                         

4.5 (25 RBs)

10                       

9 (50 RBs)

15                       

9 

20                       

9

These considerations apply equally well for T-BCH; from a bandwith perspective we see no reason to distinguish S-BCH and T-DCH.

Note 1
Soft combining of S-BCH repetitions is assumed to improve overall radio resource usage, even when increasing the repetion rate.

Use of L1/L2 control channel

It is recognised that there is quite some variation in the size of the S-BCH content (see 2.3): 111b for the typical (non- sharing case) up to ~340b. When considering the BCH data transfer capacity (see 5.3), 1 or 2 subframes will be required to transfer the S-BCH content.

Our assumption is that the L1/L2 control channel will be used to indicate the details of the the time/ frequency resource allocation as well as further L1 configuration information. Assuming a typical repetition period of ~160 ms, the associated signalling overhead is limited.

Alternatively, the P-BCH could include e.g. a 3b number representing a default configuration specified in the standard. The meaning of the number would depend on the S-BCH bandwith. Due to the more frequent P-BCH transmission, the signalling overhead may be comparable (48b per 160ms). Hence, this option seems less attractive.

The above considerations apply even more so for T-BCH. Hence, from a L1/L2 control channel perspective we see no need to distinguish S-BCH and T-DCH.

S-BCH scheduling
The UE should be able to acquire the S-BCH information quickly and efficiently i.e. the P-BCH needs to include scheduling information for this. A similar requirement does not exist for the T-BCH information.
The need to provide scheduling information for specific information does however not require an additional type of BCH; the P-BCH just includes the scheduling information of the medium time-critical system information (of a specific ‘Scheduling Unit’, in our model).
Note 2
Our assumption is that the scheduling information on P-BCH only needs to indicate the RFs that carry S-BCH information i.e. the UE starts reading the L1/L2 control channel from the first sub-frame

Hence, from a scheduling perspective we see no need to distinguish S-BCH and T-DCH.

In this section we have shown that it seems sufficient to have a dynamic type of BCH only i.e. the T-BCH as defined in the introduction.

2.2 Identification of critical BCH- information
Layer 1 related parameters needed in every frame (P-BCH)
It is assumed that the following L1 related parameters need to be transmitted every RF (8b): 

· Bandwidth: 3b i.e. (1.25, 2.5, 5, 10, 15, 20)

· Nr. of Tx antennas: 2b i.e. (1, 2, 4)

· CP length: 1b i.e. (normal, extended)

· UL L1 control channel configuration: 2b i.e. (0, 1, 2, 3)

Handover

Handover is considered to be the scenario with the most stringent delay requirements. Handover can be considered to include two steps, requiring different information about the candidate/ target cell:

· Step 1: Measurement reporting of the candidate cell

· A locally unique cell identity, to include in the measurement report. The ‘Measurement cell identification’ that is derived from SCH is assumed to be sufficient in most scenarios
· eNB transmit power, needed when reporting pathloss (FFS)

· Step 2: Initial access in the target cell and transmission of the handover complete message (TBC), possibly followed by further signalling e.g. transmission of status report, updating of measurement configuration

· SFN, needed only in case of synchronous handover
· aRACH configuration info (e.g. PRB allocation, power ramping, ‘AICH’ PRB allocation), needed for the initial access [Possibly full configuration, if fallback to aRACH-cs is used]

· General UL-SCH & DL-SCH configuration info including associated control channels, possibly required for further signalling e.g. handover complete and the subsequent data transfer
Step 1 is considered most critical, since it also applies more often i.e. not every report is assumed to result in an actual handover is performed. In a later section, there is further discussion about the cell identification and about the possible use of dedicated signalling for the aRACH and UL/ DL-SCH configuration information.
Cell reselection

Cell re-selection is assumed to have less stringent requirements, since the UE is not actively transmitting. The main issue is to limit/ avoid inabilities w.r.t. receiving paging and w.r.t. initiating connection establishment. Cell re-selection can be considered to include three steps, requiring different information about the candidate/ target cell:
· Step 1: Measuring and ranking

· A locally unique cell identity, to relate subsequent measurements. The ‘Measurement cell identification’ that is derived from SCH is assumed to be sufficient in most scenarios
· Step 2: Verification of accessibility

· A locally unique cell identity, needed to validate that the detected cell is applicable in case the serving cell provides the identities of (not) applicable neighbouring cells

· PLMN identity, needed to validate that the cell belongs to an (equivalent) PLMN when the serving cell does not provide a locally unique cell identity
· TA identity, needed to validate that the detected cell does not belong to a forbidden TA

· Cell barring status, needed to validate if the cell is barred
· Step 3: Actual re-selection i.e. acquisition of the configuration information needed to camp
· Paging channel (and MBMS notification) configuration, needed to receive paging and notification information
· aRACH as well as UL-SCH & DL-SCH configuration info, needed to initiate connection establishment
· Measurement configuration, needed to ensure good mobility
2.3 Estimated sizes and repetition rates
Most critical information (P-BCH)
P-BCH includes the Layer 1 related parameters identified in the previous section. P-BCH may also include:

· S-BCH configuration info (0b): Layer 1/2 related parameters needed to decode the S-BCH, needed unless the S-BCH configuration is fixed in the standard or unless provided via L1/L2 control information. Our assumption is that the DL-SCH associated control channel is used to provide this information

· S-BCH scheduling information (3b): indicating the RFs in which S-BCH is provided. Although there does not seem to be a need for a lot of flexibility, it may be desirable to apply a somewhat different S-BCH schedule in adjacent cells.
· It is assumed that the time critical information is scheduled at least every 64 radio frames, in which case a 3b REP (REPetiton period) and a 6b OFF (OFFset) would apply. It may be possible to signal a 3b number representing a default configuration specified in the standard

· Use of a Value Tag of e.g. 4b seems rather costly
Note
Assuming repetition values are coded similar as UMTS: 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096
· System Frame Number (SFN): A 12b SFN value is assumed (1..4096, alike UMTS but with a 10ms TTI)
· If we decide to design the system without SFN, we rule out the option of introducing a synchronous reconfiguration procedure. However, it seems difficult to conclude at this stage that we can do without such a procedure
· Cell identity (1- 13b): It is assumed that in most cases there is just 1b to indicate that the Cell identity is absent. If the ‘Measurement cell identification’ that is derived from SCH is not locally unique, the 12 least significant bits of the combined TA-CI field may be transmitted on P-BCH instead of on S-BCH

Medium time-critical information (SU-1)
SU-1 is assumed to include the information required for step 1 of the handover and the re-selection procedures i.e. locally unique cell identity, eNB transmit power,  PLMN identity, TA identity, Cell barring status. S-BCH may also include:

· Scheduling information: scheduling information for the least time-critical Scheduling Units (SUs)
· Assuming that a ‘concentrated’ transmission scheme is applied for system information, the OFF will be common for all SUs: The least significant bits of this offset follow from the S-BCH scheduling information provided on P-BCH. Consequently, the S-BCH only needs to include the remaining MSBs of the offset information.
Example:

	SU
	REP
	Common OFF

	SU-1
	16
	7 (119 MOD 16)

	SU-2
	64
	55 (119 MOD 64)

	SU-3
	128
	119


In case only low values are applicable for the REP of S-BCH e.g. up to 64, a limited number of OFF values apply. If this case the 5 LSBs of the common OFF would be derived from the scheduling info indicated on P-BCH while the remaining 7 MSBs would be included in a SB within SU-1

Least time-critical information (SU-2, SU-3)
SU-2 is assumed to include the medium time-critical information including the information required for step 2 & 3 of the handover and the re-selection procedures e.g. the  common and shared channel configuration information (aRACH, UL-SCH, DL-SCH & associated control channels, paging and MBMS notification)
The following table shows the contents and periodicity of the different SUs, as well as a rough first estimate of the expected size.
	SU
	Repetition (RF)
	Contents
	Size
	On

	-
	1
	MIB:
L1 parameters (8b)
SFN (12b, FFS)

Cell identity (1-13b)

S-BCH configuration (0b)

S-BCH scheduling information (3b)
S-BCH value tag (0b)
	~24- 36b
	P-BCH


	1
	16
	SIB 1

PLMN identity, TA identity, cell identity* (54- 58b, 22- 24b for every additional PLMN identity as in UMTS)

Cell barring status (4- 105b, i.e. 1- 17b per up to 6 multiple PLMNs)

Cell class (6b, FFS)
	~64- 290b
	T-BCH

 

	
	
	SB: Further scheduling information

(8b MSB of the common OFF, for 5 SUs a 4 bit REP and a 4b Value Tag)
	~47b
	

	2
	64
	SIB 2: General configuration parameters for common and shared channels

aRACH configuration info (e.g. PRB allocation, power ramping, ‘AICH’ PRB allocation)
General UL-SCH & DL-SCH configuration parameters (as well as about the associated control channels)

Configuration of common channels: PCCH, MCCH, full BCCH (i.e. Dyanamic BCH) all of which may be mapped on DL-SCCH

Difficult to estimate at present. Expected to be less than in UMTS (4 segments as default i.e. ~900b)
	~500b
	T-BCH



	
	
	SIB 3: Measurement information

InterF neighbours

Inter RAT neighbours (UMTS, GSM)

i.e. ID, neighbour list, quantity and reporting criteria
Difficult to estimate but assumed to be less than in UMTS (up to 32 segments or 7kb with SIB11ext)
	~1000b
	


Tab. 1 SU contents, repetition and estimated size

Note
SU-2 is likely to include further information (e.g. measurement information) not related to the discussion in this paper. Moreover, additional SUs are assumed to be used e.g. for positioning information

2.4 Resulting BCH transmission scheme
The earlier proposed organisation of the LTE system information can be summarised as follows:

· Scheduling information is provided for a limited number of scheduling units (SUs) i.e. 3 or 4
· Each SU may include a number of SIBs having similar scheduling requirements and may comprise of multiple subframes

· SIBs, as much as possible of similar size, are proposed assuming UEs need not acquire all SIBs in the SU before acting on them

Considering the previous size estimations and the expected BCH data transfer capacity (see 5.3), it can be noted that:

· The P-BCH information may just fit in a single subframe

· In case T-BCH is limited to 1.25 MHz, it may not be not possible to fit the S-BCH information in a single subframe. This depends on the contents as well as on the transmission options. It should be possible to carry the information in 2 subframes in nearly all cases when using Tx diversity and possibly soft combining
· In case T-BCH applies 5 MHz, it may be possible to fit SIB-2 in a single subframe but SIB-3 probably requires 2 subframes

The following figure provides an example of the BCH transmission that would result based on the above assumptions (also including one additional SU-3)
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Fig. 1 BCH transmission scheme
Note
The colors of the SUs indicate in which RFs the SUs are scheduled.

3. Conclusion & recommendation

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

1. Avoiding the introduction of two (semi) fixed types of BCH i.e. we believe it is sufficient to have a P-BCH and a ‘dynamic’ BCH (T-BCH as defined abovely)
We request RAN2 to consider the above proposal, and if agreeable, to reflect this in the E-UTRA specifications. We also request RAN2 to take into account the estimated system information contents, size and repetition rates when designing the system information procedures and messages.
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5. Background information
5.1 Measurement cell identification

It is assumed that in most cases it should be possible to ensure that the measurement cell identification derived from SCH is locally unique (only one operator uses a frequency, not used for ‘@home’ base stations). Let’s consider the following possible cases:

· SharedF: There are ‘foreign cells’ on the same frequency as the candidate cells, possibly using the same L1 cell identification (e.g. country border)

· MixedF: There are no foreign cells on the frequency of the candidate cells. However, there may be ‘@home’ base stations, most of which are not applicable for the UE

· DedicatedF: all cells on the frequency are applicable for the UE

In connected mode, the main issue concerns the indication and reporting of the identity of the candidate cell(s). In all of the above cases the measurement of the frequency is meaningful. In the first two cases the measurement cell identification may not be locally unique i.e. the UE will have to acquire and report another cell identity. It is assumed E-UTRAN will configure the UE to provide this other cell identity when needed.
SIB 1 includes the globally unique cell identity. The easiest approach would hence be to decrease the repetition period of this SIB. However, this would result in a significant increase of the BCH load (due to the size of SIB1). Hence, it seems better to include part of the combined TA-CI field on P-BCH rather than on S-BCH e.g. the 12 least significant bits.

In idle mode, the UE is assumed to anyhow always acquire further information from the target cell i.e. the PLMN identity, TA code, cell barring information.

5.2 Dedicated signalling of BCH upon handover (NACC)
Rather than transmitting the information frequently on BCH, some of the information (e.g. aRACH configuration) may be included in the handover command message (i.e. alike NACC).

According to our previous load calculations, in a loaded cell there would be roughly 50 UEs per second performing handover i.e. one UE every 20ms. If provided on BCCH, the information would have to be provided every 10 ms since larger acquistion delays seem unacceptable for handover. This means that even in loaded cells it is efficient to provide the concerned information via dedicated signalling.

Note 3
The above conclusion also holds in general for cell specific information e.g. measurement configuration information i.e. if the required acquisition delay (or periodicity) is larger than 20ms it is cheapest to broadcast information that is applicable to all connected mode UEs. Dedicated signalling is most efficient for more urgent information and/ or information applicable to specific UEs or groups of UEs and/ or in case of lowly loaded cells

5.3 BCH data transfer capacity
Based on [2] and [3], the BCH data transfer capacity is assumed to be as follows:

	BCH bandwith
	Bits
	Options
	BLER & coverage

	1.25
	~45 [3]
~100 [3]
	None

Tx diversity
	1% BLER @ 98% coverage

	1.25
	~55 (extrapolated)

~130 [2]
	None

Tx diversity?
	1% BLER @ 95% coverage

	1.25
	~90 (extrapolated)

~200 [3]
	None

Tx diversity
	10% BLER @ 95% coverage

	2.5
	~108 (extrapolated)

~220 (extrapolated)
	None

Tx diversity
	1% BLER @ 98% coverage

	2.5
	~130 (extrapolated)

~310 [2]
	None

Tx diversity?
	1% BLER @ 95% coverage

	2.5
	~216 (extrapolated)

~440 (extrapolated)
	None

Tx diversity
	10% BLER @ 95% coverage

	5.0
	~270 (extrapolated)

~600 [2]
	None

Tx diversity?
	1% BLER @ 98% coverage


Tab. 2 BCH data transfer capacity
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