
1

3GPP TSG-RAN WG2 #57




R2-070736
12-16 February 2007





St. Louis, Missouri, USA
Agenda item:
11.3
Source: 
QUALCOMM Europe

Title: 
BCH Structure and Analysis
Document for:
Discussion, Decision
1. Introduction

During recent RAN1 and RAN2 meetings, it has become clear that the views of the BCH in the two groups are not entirely aligned (witness e.g. the effect of [1] on RAN2 when it was presented).  This document attempts to summarise what is known about the BCH from both groups’ perspectives, and proposes to fix some design parameters to allow further progress on the BCH.
2. Discussion

2.1. Capacity of a TTI
This section summarises the findings of [2].

Assuming QPSK rate 1/12 coding, the capacity of a TTI on the BCH depends on the burst size and the TTI.  With data sent in 0.5-ms bursts, the payloads offered by various TTIs (for the long-cyclic-prefix case) are shown in Table 1.  (The table assumes a constant 10% overhead; that is, a 10-ms TTI means that two 0.5-ms bursts are transmitted every 10 ms, and a 40-ms TTI means that eight such bursts are transmitted in a 40-ms period.)

	CCCH Bandwidth
	BCH TTI

	
	5 ms
	10 ms
	40 ms

	1.08 MHz
	36
	72
	288

	4.50 MHz
	226
	452
	1808


Table 1: BCH payload vs. TTI (0.5-ms bursts)

An alternative would be to consider a 1-ms burst format, in which the BCH occupies an entire 1-ms slot except for the symbols given to the SCH (two entire symbols) and pilots (total of two symbols).  The efficiency of such a burst is slightly higher, with 576 tones = 96 bits available to the BCH in a burst, as opposed to 2*216 tones = 72 bits in an 0.5-ms burst.  The resulting BCH payloads (for 1.08 MHz only) are shown in Table 2.

	CCCH Bandwidth
	BCH TTI

	
	10 ms
	20 ms
	40 ms

	1.08 MHz
	96
	192
	384


Table 2: BCH payload vs. TTI (1-ms bursts)

Note that the UE does not necessarily need to decode an entire TTI to receive the BCH; e.g., in the case of a 10-ms TTI containing a single 1-ms burst, the actual reception time is from 1 ms to 11 ms with an average of 6 ms.
2.2. Demands of [P-]BCH data
This section summarises the findings of [3].

At a minimum, the (primary) BCH must carry the following information, as identified in RAN2:

	Field
	Size (bits)

	System bandwidth
	3

	FDD/TDD flag
	1

	Value tag for system information
	3

	Scheduling for secondary BCH
	~9

	[System frame number]
	[10]

	Total
	16-26


Table 3: Minimum BCH data

Any additional parameters identified by RAN1 would add to this total (e.g., an “SFN bitmap” could also be needed, with 1 bit per millisecond of the BCH TTI.)
The “secondary BCH” is the channel that carries the rest of the system information; it is not at all clear how it fits in the existing channel model, with some of the properties that would determine the answer being still under active discussion in RAN2.  The implicit assumption in Table 3 is that the S-BCH can be scheduled with a single virtual-resource-block pointer.  In any case it is not part of the BCH as understood by RAN1.
Whether the system frame number is needed is FFS.  The question is whether it is required for the S-BCH scheduling data to be meaningful; clearly it is needed for some procedures (e.g. RACH access), but it may not actually be necessary until after the UE has had a chance to read the S-BCH.
In addition, it is strongly desired in RAN2 (for support of idle mobility) that the basic cell reselection parameters should be available from the P-BCH.  These parameters are as follows:

	Field
	Size (bits)

	PLMN ID(s)
	24 (per PLMN)

	Tracking area ID(s)
	16 (per TA)

	Cell barring information
	~7

	Total
	47+


Table 4: Reselection parameters
In the basic case, with only one PLMN per cell (no network sharing) and only one tracking area ID, this information occupies a total of 47 bits.  In the presence of network sharing, or if there are multiple tracking areas per cell, the situation can become much worse, with the data conceivably occupying hundreds of bits; it is to be hoped that these extreme cases are rare, but the BCH still needs to be able to accommodate them.
The total size of primary BCH data, in the absence of network sharing and other complications, comes to 63 or 73 bits (depending on whether the SFN needs to be included).  Evidently this size already exceeds the minimum “safe” payloads described in [1], and after a CRC is added it exceeds the 10-ms capacity from Table 1 (though not the one from Table 2, unless the CRC is 24 bits or more).

2.3. Proposal
The coverage assumptions of Section 2.1 seem to represent a reasonable minimum, especially considering that the BCH needs to be read by some UEs outside the cell; they probably should not be relaxed much (if at all) further.  This means that, if we are to accommodate the data identified as necessary in Section 2.2, we must extend either the TTI or the bandwidth of the BCH.

Evidently there are several possible approaches.  If the BCH can be sent in 1-ms bursts, a 10-ms TTI would provide just enough space for a “nominal” deployment (provided no further parameters are identified), and a 20-ms TTI would provide considerable space for accommodating additional parameters and network-sharing cases.  With 0.5-ms bursts, a 20-ms TTI would clearly be necessary, and some cases could require more.  (Situations that require a flexible TTI on the BCH should be avoided, however, because of the complexity they introduce.)

On the other hand, the possibility of extending the bandwidth of the BCH, where possible, offers considerable promise.  If we adopted a 20-ms TTI for the BCH (with either 0.5-ms or 1-ms bursts), the system information for most deployments would fit in the centre 1.25-MHz band, with problems arising only in a small number of cases involving unusual arrangements like extensive network sharing.  These exceptional cases could extend the BCH to the centre 5 MHz, with the alternative format indicated by a flag on the SCH.

Obviously, one consequence of this scheme would be that systems smaller than 5 MHz could not deploy extremely complex network-sharing arrangements.  This seems like an acceptable limitation; it is hard to see how a 1.25-MHz system could be realistically shared among several PLMNs.
3. Conclusion
We propose:
· The BCH carries the parameters mentioned, with a “typical” size of 63 or 73 bits excluding CRC;
· Scheduling for the rest of the system information is identified by a single VRB pointer;

· The TTI on the BCH is extended to 20 ms, with the burst size FFS (either 0.5 ms or 1 ms);

· The SCH carries a flag indicating whether the BCH occupies 1.25 MHz or 5 MHz.
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