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1. Introduction

In this document simulation assumptions and testing principles for Broadcast Channel (BCH) performance requirements are presented. This work is related to release 4 work item " RAN Technical Small Enhancements and Improvements ". This document is presented to stimulate discussions to derive final requirements for BCH reception.

2. Basics of BCH

The BCH is a downlink transport channel that is used to broadcast system and cell specific information. The BCH is always transmitted over the entire cell and has a single transport format. The BCH transport channel is mapped to the Primary Common Control Physical Channel (P-CCPCH), which is a fixed rate (30 kbps, SF=256) downlink physical channel. 

Slot Structure of P-CCPCH can be found in TS 25.211, Section 5.3.3 and characterization of transport format of BCH can be found in TS 25.302, Annex A. Informative figure on mapping of BCH to P-CCPCH can be found in TR 25.944.

The BCH information is organized into information blocks, of which two types exist: the Master Information Block (MIB) and System Information Blocks (SIB). There are 16 different SIB types that can be transmitted in BCH. UE will read BCH information and stores it into memory after cell selection. If any information in BCH are changed UEs are informed by UTRAN via paging message, after which the UE reads the changed part of BCH information again and stores it into memory.

The positions of the MIB and SIBs on the BCH is determined by the repetition period and the position within a period. For the MIB the repetition period is 8 frames (80 ms) while for SIBs it may vary from 4 to 4096 frames (40 ms to over 40 seconds). The positions and the repetition periods of all SIBs are scheduled by the network. SIBs are segmented if they are too large to fit into one transport block. 

3. Simulation ASSUMPTIONS

It is proposed that transport block error ratio (BLER) on BCH is to be simulated as a function of required P-CCPCH power. Two propagation condition are considered to be simulated: one case in the static channel and other case in the multipath fading channel. These are discussed in the following two paragraphs. 

Simple static propagation condition with white Gaussian noise (AWGN) as defined in Annex B.2.1 in TS 25.101 is proposed to be used for simulations. This propagation condition has one tap with constant amplitude. Geometry parameter is proposed to be –1 dB as is the case with other tests in static propagation conditions.

In addition the fading channel Case 3 as specified in TS 25.101 should be applicable for simulations in fading conditions. However it is still for further studies to find out whether it is possible to have a final test measurement in fading or AWGN channel conditions. Geometry parameter is proposed to be –3 dB for fading propagation simulation. 

The BLER down to 0.1 % should be simulated. However, it would better from testability point of view that final requirement for BLER to be inputted into TS 25.101 would not be this low but rather in the order of 10% or 1 %. 

Power of other downlink channels which are present in tests/simulations are given in Table 1.

Table 1: Downlink Physical Channels transmitted during tests/simulations.

Physical Channel
Power
Note

P-CPICH
P-CPICH_Ec/Ior = -10 dB


P-CCPCH
Variable in simulations
BCH is mapped into P-CCPCH

SCH
Equal to P-CCPCH power
When SCH power is equal to P-CCPCH power the total power is fixed within the frame. This power shall be divided equally between Primary and Secondary Synchronous Channels

S-CCPCH
S-CCPCH_Ec/Ior = - 10 dB
Power is quite high in order to guarantee error free reception of PCH message. This should be defined for a final test set-up, but this may be neglected in a simulations.

PICH
PICH_Ec/Ior = -10 dB
Power is quite high in order to guarantee error free reception of PICH message. This should be defined for a final test set-up, but this may be neglected in a simulations.

OCNS
Necessary power so that total transmit power spectral density of Node B (Ior) adds to one.


All other parameters which were not mentioned here but are relevant for BCH simulations should have the value as for the other performance tests in TS 25.101. As an example, such parameters are channel estimation (ideal) and samples per chip (1). 

4. Presentation of simulation results

The target is to present BLER on BCH as the function of P-CCPCH_Ec/Ior. An example of possible outcome of simulation results is shown in Figure 1. 
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Figure 1. Example of simulation outcome.

Simulation results should be shown without implementation margin, which should be taken into account when test requirements are derived from simulation results. 

5. TEST Parameters and requirements 

The purpose of this section is to provide a starting point for defining a performance requirements to be included into TS 25.101 release 4. 

5.1
Detection of Broadcast Channel (BCH)

The receiver characteristics of Broadcast Channel (BCH) are determined by the Block Error Ratio (BLER) values. BCH is mapped into the primary common control physical channel (P-CCPCH). 

5.2
Minimum requirement

For the parameters specified in Table NEW.1 the average downlink power P-CCPCH_Ec/Ior shall be below the specified value for the BLER shown in Table NEW.2 

Table NEW.1: Parameters for BCH detection

Parameter
Unit
Test 1
Test 2

Phase reference
-
P-CPICH
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Propagation condition
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Table NEW.2: Test requirements for BCH detection

Test Number
P-CCPCH_Ec/Ior
BLER

1
[TBD]
[TBD]

2
[TBD]
[TBD]

6. Test procedure

Test procedure for requirements specified in TS 25.101 are to be described in TS 34.121, which is done by T1/RF. Also to initiate the discussion over this topic some initial thoughts about test procedure are explained in this section. 

An obvious problem for RAN4 and T1/RF is to find out how to verify the BLER requirements on BCH. One way to verify BLER on BCH would be the use of additional counters inside UE recording needed statistics about BCH reception. However such a method is not possible since there are no such counters inside UE specified in RAN2. It also seems that there are no straight forward mechanisms to verify and test BER, BLER or MER on BCH in a WCDMA system. Hence some other, more complicated ways need to be developed to verify the UE BLER requirements unless specific counters are added into UE. 

One possible way to test BCH reception would be as follows: UE is in the idle mode so that it has stored BCH information to its memory. Then UE is informed by signaling via paging channel that BCH information has been changed. The part of information on BCH which is being changed should be such that it forces UE to make an action, which can be easily measured or verified. Let's assume that the part of BCH information that was changed is mapped to "SIB_changed". The exact information element in SIB_changed that triggers the UE action is under study. Then by recording the reaction time of UE it is possible to evaluate the BCH reception capability of UE. 

However there are many problems in this kind of measurement. Namely, the reaction of UE depends on different factors which are described below.

- PICH reception => need to receive PCH

- PCH reception => BCCH information has changed

- MIB reception => knowledge which SIB has changed and where to find it

- SIB reception => new information from SIB is available

- knowledge that UE action is needed (e.g., location update needed)

- receive SIB 7 => fast changing parameters needed for uplink access on RACH

- start RACH transmission procedure for making a location update. (Note that there is an  nondeterministic delay in this due to a so called persistence value Pi in RACH procedure).

So when the UE needs longer time for making the location update then this can also be because of a missed paging. Each of the steps above can fail for some reasons and cause a delay in the location update. It may be difficult to extract the BCH BLER from the issues mentioned above. 

In order to isolate BCH BLER we should make following actions:

- To allocate high enough power for PICH and S-CCPCH in order to have error free reception of PICH and PCH messages. This has been taking into account in simulation assumptions which have been described in Section 3. In order to increase the reliability of PICH and PCH reception the DRX time could be set low compared to SIB_changed repetition period so that UE has more chances to receive PICH and PCH correctly. 
- Define position and repetition periods for MIB and SIB_changed in such a way that UE has possibility to decode MIB many times before the SIB_changed is available for a reception. This enables us to assume that UE has been able to receive MIB correctly.

- Repetition period for SIB7 should be small so that after UE has realized that it has to make an location update, it has access to SIB 7 information couple of times before it is required to start to RACH transmission procedure.

- SIB_changed repetition period needs to be large enough in order to notice if a UE was able to receive SIB_changed correctly at the first attempt or does it need more attempts to do so.

- Testing time needs to be considered as well. This may have impact on chosen repetition periods. On the other hand, it should be kept in mind that the test purpose is to find out the capability to decode BCH and not the reaction time on a change of the system information.
When taking into account all the points above, our tentative proposal is that UE shall [start an RACH access procedure] not later than [2560 ms] after being paged for a first time when test parameters are as defined in Table 2:

Table 2: Some additional parameters for BCH reception test.

Parameter
Value
Note

DRX cycle
[640] ms
This is the minimum value. Now UE is being paged two times before the SIB_changed arrives

Repetition period for MIB
[80] ms
UE has access to many MIBs before the SIB_changed arrives.

Repetition period for SIB_changed
[1280] ms
Given that UE is able to receive SIB_changed correctly it has 1280 ms time to read the SIB7 and start a RACH procedure

Repetition period for SIB7
[40] ms
This is the shortest possible value. UE has access to many SIB7s before the UE is required to start RACH procedure

Since the BCH requirement in TS 25.101 is based on BLER and test procedure described in this section finds out the message error ratio of BCH, the transform between BLER and MER needs to be known. This requires the knowledge of message length in transport blocks. If there is only one SIB per transport block then BLER and MER are equal. If single SIB is spread over n transport blocks then:



MER = 1- (1-BLER)^n.     












eqn 1

7. Conclusions

In this document simulation assumptions, test parameters and requirements as well as some initial thoughts on test procedure are described for BCH reception. Proposals in this document are presented to initiate the work related to BCH performance tests to be included into release 4.
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