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1 Introduction

Extensive discussions have recently taken place within both RAN1 and RAN2 regarding the transmission of system information and especially regarding the transmission of system information on the BCH.

RAN1 has arrived at, and communicated to RAN2 [1], the following (preliminary) set of “Layer-1”-related information to be transmitted by means of the BCH transport channel:

· Downlink system bandwidth: 4 bits 
· Signaling of reference-signal transmit power: 0-6 bits
· MBSFN-related parameters 0-9 bits. 
· Number of transmit antennas: 1-2 bits

· CRC: 16 bits
In total this sums up to between 5 and 21 bits (not including CRC) of L1-related information assumed to be transmitted by means of the BCH. Obviously this is a relatively wide range, indicating a relatively high uncertainty in the estimate of the amount of L1-related information on the BCH.

Additional, L2/L3-related information should also be transmitted on the BCH, including
· Information about the scheduling of dynamic system information
· SFN (System Frame Number): In the order of 10-12 bits 
· Value tag for dynamic system information: 0-4 bits
There are also discussions in RAN2 if additional information needed for cell reselection should be transmitted by means of the BCH. 

At the same time, RAN1 has informed RAN2 [2] that, with current RAN1 assumptions on BCH transmission (72 subcarriers during one subframe), the amount of information on the BCH should, preferably be limited to approximately 30 bits. Obviosly, this is not fully matched to the current estimates of the information that is desired to transmit on the BCH according to above.

With this in mind RAN1 should:

· Consider if the currently relatively wide range of the estimated amount of L1-related information on the BCH can be further narrowed down. 

· Consider to what extent, if any, the estimate of the amount of information that can be carried on the BCH (according to [2]), assuming current BCH transmission structure, may be pessimistic and thus can be increased.

· Consider what would be the impact of increasing the repetition period of the system information as being discussed in RAN2.

2 L1-related information on the BCH

Information about the system bandwidth and the number of transmit antennas are needed to read the DL-SCH. Thus, this information cannot be provided as part of the dynamic system information but needs to be provided on the BCH by means of the (secondary) SCH. Ín terms of number of antennas, we believe that one bit of information, indicating whether the cell employs one transmit antenna or more than one transmit antenna, should be provided by means of the secondary synchronsation signal [3]. Furthermore, it has been proposed by several companies that the remaining information regarding the number of transmit antennas, in essence if two our four antennas are used in case of more than one antenna, should be blindly detected. This would imply that no information regarding the number of antennas would be required on the BCH.

We further believe that the discussions over the RAN1 reflector have indicated that the MBSFN-related information does not need to be provided over the BCH. 

Together this would narrow down the range of the estimate of the amount of L1-related information to be provided on the BCH to between 4 bits and 11 bits, not including the 16-bits CRC.

3 Transmission timing of BCH 

Current assumption is that the BCH TTI equals 10 ms (one BCH transport block transmitted each 10 ms) and that the entire set of BCH information is transmitted within each BCH transport block. Thus the system information transmitted on BCH is repeated once every 10ms. Over the physical layer, the BCH transport block is then mapped to a resource consisting of 6 resource blocks in the frequency domain during a 1 ms subframe. 

However, RAN2 is currently discussing if a repetition rate as high as once every 10 ms for the system information transmitted on BCH is needed or not. Alternatively, repetition periods of 20 ms, 40 ms, or even 80 ms is being considered. Such an increased repetition period could be used to reduce the BCH resource usage and improve BCH coverage, alternatively to increase the amount of system information that can be carried by BCH. 

RAN1 needs to consider if such longer repetition period for the L1-related system information is acceptable. 

· Regarding the system bandwidth and number of transmit antennas, this information is needed to demodulate the dynamic system information on DL-SCH. As the dynamic system information is anyway not expected to have a repetition period shorter than 40 ms, a longer repetition period for the BCH does, from this point-of-view, not seem to be an issue. 

· The “earliest” possible use of the reference-single transmit power is as part of the uplink random-access procedure. It should also be noted that already in [1] there is expressed an uncertainty if this information is needed on the BCH at all. Thus, increasing the repetition period of this information does not seem to be an issue.

Thus one can conclude that, from an L1-related-information point-of-view, an increased repetition period for the BCH system information, up to e.g. 40 ms, should not be an issue.

However, RAN1 also needs to consider the effect of an increased repetition period, i.e. a longer BCH TTI, on the basic Layer-1 cell search procedure. Currently RAN1 assumes that the primary and secondary synchronization signals provide 10 ms timing and that, sub-sequently, the BCH can be found and read. With a longer BCH TTI, e.g. 40 ms, this is no longer the case. There are two alternatives:

· Change the assumptions regarding the basic cell search so that the primary and secondary synchronization signals provide 40 ms timing. Taking into account the substantial effort put into the cell-search procedure and the progress made during the latest meetings, changing the assumptions regarding the basic cell search is not an attractive approach.

· After the UE has found 10 ms timing from the primary and secondary synchronization signals, the UE blindly founds the BCH timing by attempting to decode the BCH at different timing instances. If a longer BCH TTI should be adopted, this is the recommended way forward.
Regarding how to use a longer BCH repetition period, e.g. a 40 ms TTI, two alternatives can be envisioned: 

· Alternative #1: Keep current assumption regarding the amount of system information transmitted on BCH. In terms of Layer 1 transmssion, two alternatives can then be envisioned:

· Alt #1a: Transmit the BCH over a single 1 ms subframe once every 40 ms. This would reduce the BCH resource usage.

· Alt #1b: Transmit the BCH over one 1 ms subframe once every 10 ms, but over a fewer number of sub-carriers. In addition to reducing the BCH resource usage, this would also improve the BCH maximum coverage. However, this could have a somewhat negative impact on the UE stand-by-time, compared to Alternative #1a, as the time to read the BCH would be four times longer.

· Alternative #2: Increase the amount of system information transmitted on the BCH. On the physical layer, the BCH would then still be transmitted over one 1 ms subframe, once every 10 ms. It is somewhat of a question of taste if this should be seen as 10 ms BCH TTI (one transport block every 10 ms) or a 40 ms BCH TTI (one transport block every 40 ms, on the physical layer transmitted over four 1 ms subframes with 10 ms spacing).

In practice a middle way can of course be taken, allowing for somewhat increased BCH payload while, at the same time, reducing the BCH resource usage and improve the BCH coverage.

4 Conclusions

It is proposed that RAN1 concludes that 

· At most 1 bit of TX antenna information is to be provided on the BCH

· No MBSFN-related information needs to be provided on the BCH

Thus, the preliminary estimate of the amount of Layer-1-related information in the BCH can be revised to between 4 bits and 11 bits, not including the 16-bits CRC.

It is further proposed that RAN1 concludes that, from the point-of-view of L1-related information on the BCH, a longer repetition period of this information, e.g. 40 ms, is acceptable. It is also proposed that, if such a longer repetition period, corresponding to a longer BCH TTI, should be adopted, this should not be allowed to change current assumptions regarding the primary and secondary synchronization signal, i.e. the secondary synchronization signal should still provide 10 ms frame timing.

In case of introducing a longer TTI (example 40 ms) different alternatives can be considered on Layer 1:

· Simply transmit the BCH in one subframe once every 40 ms. This would reduce the BCH resource usage correspondingly. 

· Transmit the BCH in more than one subframe, e.g. 2 or 4 subframes, during 40 ms, potentially also using fewer subcarriers. This would allow for a trade-off between a reduced BCH resource usage, an improved BCH coverage, and an increased BCH payload. 
5 References

[1] R1-071803 Proposed LS on Layer-1-related system information, RAN1

[2] R1-070399 (R1-070606, to RAN2). Reply LS (to R2-063657) on Primary BCH Transmission
[3] R1-072448 “Secondary Synchronization Signal Design”

1/3
2007-04-17

