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Introduction

This document gives a brief analysis of the data that need to be carried on the BCHs (primary and secondary) in LTE, with particular attention to the relationship between time-criticality and physical scope of content.
Discussion

The “SIB-equivalent” data in LTE can be categorised as cell specific or system-wide (or at least common to multiple cells), and also, independently, as critical or noncritical for quick reception when a UE enters the cell.

Discussions in RAN1 and RAN2 (see e.g. [1]) have moved towards the idea of a primary BCH that can be acquired quickly and a secondary BCH to carry data that can be delivered more gradually (e.g., measurement system information).  That is, the primary BCH is for critical data, the secondary for noncritical data.  (Obviously the word “critical” here refers to time-criticality—e.g., the measurement information is vital for the operation of the system, but it does not need to be delivered to the UE particularly quickly, and it is therefore classified as “noncritical” data.)

In [1], a proposed division of system information between primary and secondary BCH was proposed (Tables 1 and 2).

	Field
	Bits

	DL system bandwidth
	3

	UL system bandwidth
	3

	CP duration
	2

	RACH parameters
	12

	Frame number within S-BCH TTI
	4

	TDD switching configuration
	4

	Primary NAS parameters (e.g., cell barring status)
	24

	Service parameters (e.g., presence of E-MBMS, synchronous vs. asynchronous network)
	16

	Reserved
	16

	Number of physical control channels
	6

	Number of DL Tx antennas
	3

	DL/UL precoding matrices
	6

	DL/UL subband information
	40

	CRC
	16

	Total Payload
	155


Table 1: Primary BCH data

As Table 1 shows, the content of the primary BCH is reasonably well understood—the exact numerology is open to discussion, but there are no major unknowns here.  The situation with the secondary BCH is not so benign.
	Field
	Bits

	System frame number
	12

	Cell selection/re-selection parameters
	X1

	UE Timers
	100

	PLMN ID
	20

	Secondary NAS parameters
	76

	Measurement control information (cell info)
	X2*X3

	Positioning
	64 + X4

	PLMN IDs of neighbouring cells
	X5 [ <= 20*X6; see below]

	Total Payload
	272 + X4 + X1 + X5 + (X2*X3)


Table 2: Secondary BCH data

The unknown values highlighted in the tables are in some cases subject to decisions not yet taken, and in other cases highly dependent on specific deployments.

· X1 = size of selection parameters for the serving cell.  The equivalent fields in UMTS have been estimated at 100 bits; in LTE, with fewer states to handle, this size will most likely decrease.  A fair guess would be a range of 60-80 bits.
· X2 = number of neighbouring cells for measurement.  This value is obviously highly variable depending on the deployment.  In general, we expect that it will be larger than its UMTS counterpart, since LTE systems will (typically) have at least one more RAT to include for inter-RAT measurements.  In a hexagonal lattice, using two “layers” of neighbours, a cell has 19 intra-frequency neighbours; if in addition there were a second carrier providing inter-frequency neighbours, and two other RATs with two frequency layers each—all in all, a slightly pessimistic but not unreasonable scenario—the serving cell would have 114 neighbours (notably, this is already larger than the UMTS assumption of a maximum of 96 neighbours).  Allowing for the extreme possibilities of a single carrier with no neighbouring systems, and an operator with multiple frequencies in an environment of multiple overlaid RATs, the range could be from 20 to 200.
· X3 = size of measurement data per cell.  The assumption is that the measurement data will be dominated by the equivalent of the IE “Cell info”.  In UMTS, this IE occupies roughly 30 bits, plus optional cell selection/reselection parameters; however, many of the fields are specific to the UMTS lower layers, with no particular reason to assume they will be similar in LTE.
· X4 = size of positioning data.  Although the value of X4 could be very large (e.g., for satellite ephemeris data), large bodies of positioning information can normally be transmitted over a very long period, so the practical impact of this value on BCH bandwidth should be minimal.
· X5 = size of the PLMN ID list.  An upper bound for the value is 20*X2, but in practice the signalling would realistically be optimised to a much smaller length.  A reasonable practical estimate would be X2*ceil(log2(X2)) + 20*X6, where X6 is the number of neighbouring PLMNs—obviously a deployment parameter.  (The assumption is that the list is organised by PLMN IDs, with each PLMN ID followed by a list of the neighbour cells belonging to that PLMN; if the cells are identified by an index into the neighbour list, each cell requires ceil(log2(X2)) bits to identify it.)
Evidently the measurement cell lists are likely to dominate the system information; the “back-of-the-napkin” numbers given above (114 neighbours, 30 bits) would mean that the cell lists occupied over 3000 bits, and a high-end estimate is larger still—up to 8000 bits if we assume that the per-cell information could be as large as 40 bits (slightly higher than in UMTS).

However, it should be borne in mind that the value of X3, especially, is very rough indeed.  Efforts will be needed to optimise the signalling here, but even in the best case we should expect that this list will be large.

In sum, we suggest the following (highly uncertain!) ranges for the unknown parameters from Table 2 (the values for X5 are computed from the ranges of X2 and X6 using the formula above):
	Parameter
	Range

	X1
	60-80

	X2
	20-200

	X3
	20-40

	X4
	No estimate

	X5
	100-1680

	X6
	0-4


Table 3: Parameter ranges

No estimate is given for X4, since it is obviously dependent on the details of positioning systems in use, but more importantly since, as noted above, its real impact on the BCH should not be very great in practice.

Table 4 shows a division of the system information fields according to scope and criticality.  The table assumes a synchronised network (otherwise the distinction between cell-specific and system-wide parameters is less important since SFN transmission is not available); thus, for instance, the system frame number is common across all cells.

	
	Critical (P-BCH)
	Noncritical (S-BCH)

	System-wide
	DL system bandwidth

UL system bandwidth

CP duration

Frame number
TDD switching configuration

Some service parameters

Reserved bits

Total ~40 bits
	System frame number

PLMN ID

Positioning assistance data?
Total ~32+X4 bits

	Cell-specific
	RACH parameters

Primary NAS parameters

Some service parameters

Number of physical control channels

Number of DL Tx antennas

Precoding matrices

Subband information

CRC
Total ~115 bits
	Cell selection parameters

UE timers

Positioning (lat/long)

Secondary NAS parameters

Measurement control information

PLMN IDs of neighbouring cells

Total ~240 + X1 + X5 + (X2*X3) bits


Table 4: Distribution of system information

Unfortunately, the very large ranges of X2 and X5 mean that the cell-specific S-BCH content is of an almost unknowable size: 440-10000 bits.  There is, evidently, a large amount of uncertainty buried in this table, but the major conclusions to draw are these:

· Some portion of the P-BCH must be cell-specific;

· A significant portion of the S-BCH can be system-wide.

The second conclusion is important because of the benefits of SFN transmission.  The June 2006 RAN1/2 joint meeting concluded that data rates of 2.6k-17.6k were likely to be available on the BCH (similar to WCDMA).  However, SFN transmission would significantly boost these data rates, which could be a real benefit where large chunks of data need to be sent as broadcast information.  The most obvious example is the potentially large volume of positioning data on the S-BCH.
Conclusion

The analysis above shows that there is reason to consider both P-BCH and S-BCH as having cell-specific and system-wide portions.  For this consideration to be meaningful, each BCH would need to be processed through two separate coding entities, so that the radio resources for the two types of content could be scheduled separately.
It should also be noted that, with plausible assumptions, the size of the BCH data can become very large; as a general guiding principle, we suggest that RAN2 should continue to treat BCH bandwidth as a highly limited resource even considering the potentially large downlink bandwidth of LTE.
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