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1 Introduction

For the transmission of the first scheduling unit (SU1), RAN2 previously discussed two alternatives regarding the scheduling of SU1; either through a DL assignment or through the primary BCH (P-BCH). The considerations in RAN1 however seemed to have so far entirely focused on the first option [1, 2]. This contribution reviews both options and the subsequent analysis indicates that using the P-BCH for the scheduling of the SU1 transmission is preferable. 
2 SU1 Scheduling
The BCH system information is divided to two parts. The most time critical information required by the UEs for immediate system access and measurements is carried on the primary BCH (P-BCH) while the remaining one is carried on the dynamic BCH (D-BCH). The D-BCH consists of scheduling units (SUs) with each SU having different transmission periods and with all SUs having transmission periods larger than the P-BCH one. Recently, RAN2 decided that the SU1 transmission period is 80 msec and for frame structure 1, it is transmitted in sub-frame #5 which is ensured to be a DL one [3].  
2.1 “Chicken and Egg” Issue
One issue with the use of a DL scheduling assignment for the SU1 scheduling is the so-called “chicken and egg” problem [4] where the UE needs to know the PHICH configuration to be able to receive the PDCCH but this information is carried on SU1 and therefore SU1 scheduling cannot be supported through a DL assignment. Several options to handle this issue have been suggested through the email reflector discussions including always dimensioning the PHICH for the maximum amount of channels, using a special predetermined set of CCEs for the DL assignment of SU1, interleaving the PHICH together with the PDCCH, and so on. All these solutions are problematic, either because the lead to bandwidth waste, or because they require special configurations and additional complexity for the PDCCH transmission, or because they require a modification of the working assumption which then introduces a series of other drawbacks as discussed in the last RAN1 meeting. Most importantly, this issue is a direct result of the assumption that the SU1 scheduling is done through a DL assignment. Even without considering the “chicken and egg” issue, this approach would be disadvantageous in terms of overhead and overall robustness of the SU1 reception as it is further discussed below.
2.2 PDCCH Overhead Using DL Scheduling Assignment for SU1
The use of a possible DL assignment for SU1 scheduling is associated with substantial overhead which is subsequently evaluated for the exemplary case of 1.4 MHz BW. The fields in the DL assignment include the RB-mapping (6 bits), the TFI (3 bits), and the CRC (16 bits) for a total of 25 bits. Note that a CRC with more than 16 bits may be required and the DL assignment may also need to contain information about the number of idle OFDM symbols in TDD systems for the transition between DL and UL transmissions. Nevertheless, the lower bound of 25 bits is considered to determine a corresponding lower bound for the associated overhead. It should also be noted that [1] suggest transmitting the DL assignment for SU1 without a CRC. However, this is not possible as SU1 contains information related to UL transmissions (such as for the RACH) and the UEs should need to know whether the SU1 has been correctly received before they start transmitting. Moreover, it would be very hard to code with the required accuracy the few remaining bits and a very large number of repetitions would be anyway needed.
The code rate for the transmission of the DL assignment for the SU1 scheduling is the other parameter. For 1 Tx antenna and accounting for a small implementation margin, a code rate of 1/24 is required to provide comparable performance to the P-BCH. Even if the SU1 reception is not designed for such reliability, the requirement for a very low code rate is further enhanced by the fact that the correct SU1 reception relies on two correct receptions of rather independent transmissions; the DL assignment and the DL-SCH carrying the SU1. For example, for a combined target BLER of 1%, each individual transmission should have BLER of about 0.5%. Relative to the use of the P-BCH to set up the SU1 DL-SCH transmission parameters, the DL assignment should be error free. Nevertheless, a code rate of 1/24 will be assumed for 1 Tx antenna with the understanding that the DL-SCH for SU1 will also have to be better protected than if the scheduling was through the P-BCH. Transmitting 25 information bits using QPSK modulation and code rate of 1/24 requires 300 REs which are more than the total REs (225) in the first 3 OFDM symbols at 1.4 MHz and therefore the use of a DL assignment for SU1 is not possible. Considering only the RS and the minimum PHICH overhead and no PCFICH overhead, the DL assignment for SU1 would have to be about 16 bits, i.e. no CRC.
Assuming the less stringent code rate of 1/12, the number of required REs becomes 150. Adding 12 REs for the RS and 12 REs for the PHICH leaves 51 available REs (the PCFICH or other control channels are not considered) which is just enough for one UL grant with the highest MCS without considering possible RS or PHICH power boosting. This example illustrates the PDCCH overhead impact from having to transmit a DL assignment with rate 1/24 or even 1/12 and with target BLER that should preferably be adequately below 1%.  
2.3 Using the P-BCH for SU1 Scheduling
Using the P-BCH to schedule SU1 is a natural extension of using SU1 to schedule the other SUs. Moreover, unlike the RACH response or the PCH, the SU1 always occurs at a predetermined sub-frame (sub-frame # 5) and has a predetermined transmission period (80 msec). Also, as SU1 needs to be broadcasted to all UEs, there is no possibility for any frequency domain scheduling (with the obvious exception of interference co-ordination which is however equally feasible through the P-BCH). 
The fundamental information that needs to be included in the P-BCH for the SU1 scheduling is the SU1 format, among a set of predetermined formats, which can be indicated with a few bits (e.g. 3 bits for a given system BW). The SU1 MCS is likely to either be fixed or implicitly derived from information after the P-BCH reception (e.g. number of Tx antennas). The RBs used for the SU1 DL-SCH transmission can be predetermined based on the SU1 format and possibly the MCS. The P-BCH can also indicate whether the SU1 transmission period starts at current P-BCH transmission period or at the next one. Alternatively, a UE may blindly decode SU1 in time after it knows the P-BCH transmission period and the SU1 format (two hypotheses are only needed). 

The robustness of the SU1 reception is also improved as it depends only on the corresponding DL-SCH (clearly, SU1 reception is only meaningful if the P-BCH is correctly received). Finally, although not directly related to whether a DL assignment or the P-BCH should be used for SU1 scheduling, the “chicken and egg” problem is a non-issue and the PHICH configuration can be included in the SU1 as is the current working assumption.
3 Conclusions
This contribution considered the SU1 scheduling and the two options of using either a DL assignment or the P-BCH. The use of P-BCH is preferable as it avoids a series of shortcomings associated with the use of a DL assignment, results to substantially less overhead, improves the robustness of SU1 reception, and fits naturally with the scheduling characteristics of the P-BCH and the remaining SUs.
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