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1 Introduction
Two of the conclusions for BCH from the LTE Ad-hoc meeting in June were:

· BCCH rates are similar to those of UTRAN today (of the order 2.6kbps to 17.6kbps)

· RAN1 is to look at optimisation of BCH for a given rate (power vs. time/frequency resource, coverage, diversity etc…)

This paper primarily concerns the number of sub-frames per frame to which BCH is mapped.  Link simulations are provided and coverage/power estimates are made.

The number of sub-frames per frame used for BCH affects:

i) The degree of time diversity offered

ii) Compatibility with TDD

iii) The eNode-B power consumed by BCH per active sub-frame

iv) UE receiver duty cycle and battery consumption
Some discussion on each of these aspects follows.

i) Time Diversity

Some form of time diverse transmission would prove beneficial for BCH suggesting transmission on an increased number of sub-frames per frame.  However, much of the information on BCH may not be not overly time-sensitive and hence the possibility for transmission of the BCH (or parts of it) in TTI’s >10ms should be considered.  There is therefore the possibility of retaining time diversity gain without the need for transmission on many sub-frame per frame.

The use of longer TTIs with fewer BCH sub-frames per frame may be able to provide time diversity gain even in slower channels whereas transmission on multiple sub-frames within a frame with a shorter TTI (e.g. 10ms) may fail to do so.

ii) Compatibility with TDD

It is envisaged that the time structure of BCH would be defined in the standard and would be synchronously linked to the location in time of the SCH.  This avoids a UE having to identify by other means which sub-frames contain BCH and which do not.

However, if this is the case, some restrictions are imposed on the TDD framing structure, since those sub-frames that are defined as containing BCH by the standard must clearly also be configured as downlink sub-frames.  Thus, the possibilities for placement of switching points are reduced and the granularity of UL/DL asymmetry variation is worsened (see [1] for more detail on this effect).

Some ways around this problem could be conceived.  One example is where the BCH is mapped to all DL sub-frames and the UE is responsible for determining (prior to decoding of BCH), which sub-frames are configured as downlink.  However, this requires that either the SCH contains additional signalling identifying the location of the BCH/DL sub-frames or that common pilots are continuously transmitted on all DL sub-frames regardless of the presence or not of traffic (to allow the UE to detect the presence of a DL sub-frame).  Even in this case, the detection may not be reliable depending on the presence/nature of UL interference.
However, such solutions introduce complexity and possible signalling overheads and it is therefore recommended that the time structure of BCH is:

· the same for FDD and TDD modes
· defined by the standard

· synchronously linked to SCH

At the same time, unnecessary restrictions on TDD framing configurations should be avoided and this points to a solution in which BCH is transmitted on fewer sub-frames per frame.

iii) Power resources assigned to BCH in a sub-frame

The power required in each active BCH sub-frame is a function of the desired coverage, the deployment, the number of sub-frames per frame used for BCH and the Eb/No for the BCH (itself a function of time/freq diversity, channel coding etc…).

In addition, the frequency domain assignment of the BCH and the colouring of the PSD from interfering cells also affect the power required (and coverage achieved).  Further discussion on this topic is provided in section 3.
Clearly however, as the number of sub-frames per frame to which BCH is mapped is reduced, the required power for BCH per sub-frame is increased since the required transmit energy becomes more concentrated in time and this aspect is considered also in section 3.
iv) UE receiver duty cycle and battery life

The frequency at which the UE needs to read BCH depends upon the content mapped to BCH and on the UE connection state.  However, it is clear that when the BCH is mapped to fewer sub-frames per frame, the receiver circuitry need be activated less often and this would translate into UE battery life savings.
2 Link Performance
To investigate the effect of time diversity on the link performance for BCH, and to provide input to the system level calculations, we simulate 5 BCH framing configurations (A…E) corresponding to 1, 2, 4, 10, and 20 active BCH sub-frames per frame.  These are shown in Figure 1.
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Figure 1 – BCH sub-frame patterns
For each of these patterns, we also simulate the cases of a 10, 20, 40 and 80ms TTI.
The simulated BCH data rate is 12kbps and a 1/3 rate channel encoder is assumed.  The data output from the channel encoder (of the order of 360 bits per radio frame) is mapped to distributed T/F resources on 5 out of 7 OFDM symbols with the T/F resource space fractional occupancies given in Table 1.

A 5MHz system is considered with BCH BW equal to the system BW.  Thus, with this example, one DL sub-frame has a total of 2100*5/7 = 1500 sub-carrier units available for data (the rest being assigned to pilots and other control).  Thus, using the stated T/F resource occupancies (Table 1), the coderate of the BCH is maintained at approximately 1/3.

	Pattern
	BCH sub-frames per frame (M)
	T/F resource occupancy in active sub-frames

	A
	1
	1/8

	B
	2
	1/16

	C
	4
	1/32

	D
	10
	1/80

	E
	20
	1/160


Table 1 – T/F resource occupancies
A typical urban channel is assumed with UE speed of 3km/h.  A single Rx antenna at the UE is considered as it represents the worst case for BCH coverage.  A BCH BLER of 5% is assumed as the criterion for acceptable operation.
The results of the simulations are plotted in Figure 2 in terms of the Eb/No required to achieve 5% BLER for varying values of M (the number of BCH sub-frames per frame).  A separate curve is plotted for each TTI duration.
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Figure 2 – BCH Link Performance (1x1)
Results were also generated for a 2x1 Tx diversity scenario using a Space-Frequency Block Coded (SFBC) transmission.  These are plotted in Figure 3.
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Figure 3 – BCH Link Performance (2x1 SFBC)
3 System Performance
Taking the link results of section 2, the eNode-B power requirements per active sub-frame may be derived to achieve a certain target area coverage.

3.1 Deployment Scenario
We assume deployment scenario case 3 as given in [2] and a target outage of 5%.  The geometry corresponding to the 5%’ile CDF for this case is -4.6dB.
3.2 Interference Structure
Frequency reuse for BCH is not assumed due to its consumption of T/F resources in other cells and due to the need for network planning (and possible synchronisation).  Instead, the PSD of the interference is assumed to be non-tonal i.e. white.  In practice however, this assumption may only hold if the network is run with equal sub-carrier power allocation strategies and under high load.  When this is not the case, it may be common for the BCH to experience tonal interference from other cells.  This could lead to a significant performance variability for BCH if some sub-frames have tonal PSD whilst others are white, especially in the asynchronous network case.  This is because the total effective interference power seen to a signal would vary according to the match (or not) of the signal PSD with the interference PSD.  Three fundamental states exist (in addition to grey areas in-between):

· (A) The wanted signal PSD is uncorrelated with the interference signal PSD (e.g. white/randomised interference or white/randomised BCH).  This provides performance similar to that of UTRA/CDMA.
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Figure 4 –signal and interferer uncorrelated (interference randomization)

· (B) The wanted signal PSD is orthogonal to the interference PSD (e.g. T/F resource co-ordination across cells).  This is able to improve the C/I to a level better than for UTRA/CDMA at the expense of a reduction in available T/F resources in each cell.
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Figure 5 – orthogonal signal and interferer (e.g. interference co-ordination)

· (C) The wanted signal PSD is correlated with the interference PSD (e.g. frequency-sparse transmission in each cell without co-ordination).  This provides a performance far worse than that of UTRA/CDMA.
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Figure 6 – correlated signal and interferer

It could also be possible that the PSD of the transmitted signal varies between different sub-frames of the same cell.  In this instance, and when the network is not synchronised, this could mean that the performance (and hence directly – coverage) of BCH suffers from variability as the timings of neighbouring cells drift.

To avoid this situation and to provide a more steady and guaranteed level of coverage, it is therefore recommended that the BCH is recovered using a matched filter structure that is able to whiten any tonal or structured interference (intercell interference randomisation).
3.3 Results
Figure 7 and Figure 8 show the required eNode-B Ec/Ior and total fraction of eNode-B energy resource* respectively for various numbers of BCH sub-frames per frame (M) and for TTIs of 10, 20, 40 and 80ms.
Figure 9 and Figure 10 show the same but for the case of a 2x1 system employing SFBC Tx diversity.

* Note that the calculation of eNode-B energy fraction assumes that 20 sub-frames are available for downlink transmission (FDD case).
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Figure 7 – 12kbps BCH Ec/Ior power requirement per active sub-frame for 95% coverage (1x1 case-3)
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Figure 8 – Total eNode-B energy fraction consumed by 12kbps BCH (1x1 case-3)
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Figure 9 – 12kbps BCH Ec/Ior power requirement per active sub-frame for 95% coverage (2x1 SFBC case-3)
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Figure 10 - Total eNode-B energy fraction consumed by 12kbps BCH (2x1 SFBC case-3)
In general, it can be seen that for a given TTI duration, the majority of the available time diversity gain is realised using transmission of BCH on only 2 sub-frames per frame (pattern B, M=2).  This applies both in the 1x1 case and in the 2x1 SFBC case.
4 Conclusion

A discussion on aspects of the time-domain structure of BCH has been presented in which it is suggested that transmission of BCH on fewer sub-frames per frame is beneficial from the following perspectives:

· reduced receiver “on” time

· enabling a common structure for TDD and FDD

· allowing for more flexible TDD framing structures

Simulation results show that there is no link performance loss when reducing the number of active BCH sub-frames per frame (M) from 20 to 4 for a 3km/h TU channel.  There is only a small loss in reducing this further from 4 to 2.
When a 12kbps BCH is mapped to only 2 sub-frames per frame, from a system perspective it has been shown that a coverage requirement of 95% can be met for deployment case 3 using at worst between 30% and 40% of eNode-B power on the 2 active sub-frames when in typical urban fading conditions and for a 1x1 link.  This is reduced to between 20% and 25% when 2x1 SFBC is employed.  Further gains are of course possible for UEs with Rx diversity as may be common for LTE.
Overall, the fraction of eNode-B energy resources is of the order of between 2% and 4% for 12kbps transmission and the time/frequency resource usage is 1/160th for an un-punctured 1/3 rate code in a 5MHz deployment.  Given that BCH consumes only a small amount of the overall resources, it is felt that compatibility between TDD/FDD and other considerations such as UE Rx duty cycle / battery life are more important than small/negligible optimisations based upon transmission of BCH on an increased number of sub-frames per frame.

It is therefore recommended that a common BCH time structure is used for the TDD and FDD modes and that BCH is mapped to 2 sub-frames per frame.
It is further recommended that BCH uses a whitening matched filter structure (a form of interference randomisation) to whiten any structured/tonal interference and to avoid performance (and hence coverage) variability effects.
The general trends of the above conclusions are valid for various TTIs (10ms-80ms).  A discussion related to the required latencies of the various components of system information and their impacts on the choice of TTI for BCH should be entered into with RAN2.
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