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1. Introduction
The Broadcast Channel (BCH) is essential in E-UTRA for broadcasting system information to the UEs. However, BCH dimensioning is critical since its overhead must be kept low. To achieve this objective, the BCH may be split into two channels: the primary BCH (P-BCH) and the secondary BCH (S-BCH).

The purpose of the P-BCH is to provide fast access to the minimum required amount of information allowing serving and non-serving UEs to perform efficiently the various mobility and power control procedures identified in E-UTRA: UL power control, cell re-selection, handover. In addition, in asynchronous networks, the P-BCH aims at providing synchronization information through e.g. the System Frame Number (SFN). In [1], in order to address the worst-case coverage scenarios of E-UTRA, it is recommended that the P-BCH should not carry more than 30-40 bits including CRC, in 1.25 MHz over 1 ms.

The purpose of the S-BCH is to deliver semi-static information which is expected to be valid for a longer time period than the P-BCH and whose access is not as time critical as the P-BCH.
In the following we analyze how the BCH can be used in support of some key L1 procedures, derive the resulting information partitioning between P-BCH and S-BCH, and propose a P-BCH design.
2. P-BCH content
2.1. General
Figure 1 shows how P-BCH and S-BCH can be scheduled: the P-BCH is scheduled every 10ms and carries information that the UE needs to access fast and in a secure manner. The dashed arrow between two P-BCHs addresses the latter by illustrating the possibility to soft-combine two or more subsequent transmissions. The S-BCH is scheduled more in-frequently, but carries more information (potentially all remaining system information).
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Figure 1: P-BCH and S-BCH scheduling principle

The discussion on System Information Broadcasting that occurred on the RAN2 reflector [3] assumed that the following information could be carried on the P-BCH:

· Cell ID (if needed on top of what can be decoded from the SCH)
· L1 parameters that are needed to decode S-BCH
· Scheduling information of the S-BCH (if it is not fixed). This might include SFN

· CRC
We propose here that the scheduling information of the S-BCH is limited to the SFN, e.g. the S-BCH is always scheduled a fixed timing offset after the P-BCH, and the frequency location is derived from the SFN (see Figure 1). We also suggest that fixed coding is used for the S-BCH, so that no additional L1 parameters are needed to decode the S-BCH. However, we see the need for some additional parameters to be carried in the P-BCH in order to optimize the following key L1 procedures:
· UL Power Control

· Random Access

· Handover measurements
2.2. BCH and UL Power Control

2.2.1. BCH Parameters Required by the Serving Mobiles

The following (starting) points were agreed on UL Power Control in E-UTRA during the 3GPP RAN1 meeting #47bis in Sorrento:

· Basic power control mechanism: Slow power control (not faster than 200Hz, with a-periodic PCD updates (FFS whether a-periodic PSD updates will be agreed) the power control rate may temporarily be higher than 200Hz)

· PSD is controlled 
· Pure open loop UL power control only (i.e., without adjustments made by the network) is not sufficient
We understand the 1st and 3rd bullets (also from reviewing all other companies’ proposals) as follows: LTE shall support a “slow” rate UL Power Control (PC) consisting of a “basic” open loop power control (OLPC) method in the serving cell, whose parameters are adjusted based on serving cell corrections (e.g. UL power adjustments to compensate pathloss measurement error in OLPC) and/or information from surrounding cells (pathloss to non-serving cells in conjunction with target SINR for non-serving UEs, load indicator…). As a result, at the minimum, an OLPC is required, whose basic algorithm, in dB scale, is given in (1):
PUE-k = min{Ts – Ls,k + Js, PmaxUE}.


    (1)

· “k” is the index of the UE which performs OLPC.

· PUE-k is transmission power setting of the UE “k.”

· “s” is the index of the serving cell for UE “k.”

· Js is the uplink interference level as measured by the cell “s.”

· Ls,k is the long-term propagation gain [between UE “k” and its serving cell “s,” and vice-versa].

· Ts is common target signal-to-interference ratio in the cell “s.”
· PmaxUE is the maximum transmit power of the mobile device.

When the UE transmits with power Ts – Ls,k + Js, it’s signal is received with power Ts+ Js, at the serving cell “s,” thus overpowering the interference level by the targeted Ts. One algorithm to achieve (1) is as follows
1. Each m-th cell broadcasts its common power baseline Bm = Pcell-m + Tm + Jm, where Pcell-m is the transmission power of the cell “m”. 
2. For the serving cell (m = s), the UE “k” measures broadcasted received signal power as (Pcell-s + Ls,k).
3. UE “k” decodes the common power baseline Bs = Pcell-s + Ts + Js, broadcasted by the serving cell (m = s). 

4. UE computes Ts – Ls,k + Js = Bs – (Pcell-s + Ls,k), and performs power settings (1). 
As a result, the minimum sufficient information that needs be carried on the BCH in support of basic intra-cell open loop UL power control is the common power baseline Bm = Pcell-m + Tm + Jm.
Note that it is also possible to individually broadcast Pcell-m, Tm, and Jm and that UE performs (1) based on this information. This approach, however, carriers more overhead for the downlink BCH, which is why it is not recommended. 

Note PmaxUE is not accounted since it is optional and may depend on the UE characteristics, so can be negotiated during connection request on a per UE basis. Note also that the Target SINR is for the Physical Uplink Shared Channel (PUSCH) and that SINR targets of other channels (such as Rach – for example), when different, can be derived from a fixed offset.
2.2.2. BCH Parameters Required by the Non-Serving Mobiles

In the context of the serving cell-only OLPC, the refresh rate and access time of these parameters is not time-critical to the extent that they need to be carried on the P-BCH. However, this baseline OLPC is not sufficient to control the interference generated on surrounding cells, but will need to be adapted based on information from surrounding cells. As a result, the UE also needs to track from the BCH of surrounding cells some information whose content depends on the method that will be used. At the moment four main approaches are proposed, which require the following information to be read on the BCH:

· Approach 1 [10]: Load indicator
· Approach 2 [11]: Pathloss to neighboring cells
· Approach 3 [12]: Pathloss to neighboring cells + load indicator
· Approach 4 [13]: Target power gap between serving and non-serving mobiles.   
All these methods require that cell-interior UEs read the BCH of neighboring cells. As a result, in order to reduce the latency associated to reading multiple BCHs from surrounding cells while providing a robust transmission, we recommend that:

· UL PC information for non-serving UEs is carried on the P-BCH

· This information remains static over multiple P-BCH instances, thus allowing soft-combining over re-transmissions. 

It will be further shown in Sections 2.3 and 2.4 that the Common power baseline of neighboring cells on P-BCH is beneficial for RACH and handover measurements. 

In summary, in support of UL power control, the P-BCH should carry:

1. Common power baseline which is required for Intra-Cell Open-Loop power control 
2. Target power gap between serving and non-serving UEs, required for Inter-Cell Open-Loop mechanism.
In an alternate proposal, Inter-Cell Open-Loop power control is performed using a “load indicator.”

2.3. P-BCH and RACH

2.3.1. RACH information carried on the BCH

As captured in [4], the following information fields are to be transmitted as part of the System Information from higher layers in support of the Non-Synchronized Random Access procedure:

1. Random access channel parameters (number, frequency position, time period, and timing offset)

2. Preamble format for the cell

3. Number of root Zadoff-Chu sequences and sequence indices

4. Power ramping step size (note 0 dB step size is allowed)

5. Maximum number of preamble retransmissions
In addition to these L1 information, [5], in Annex C, also adds the following higher layer information

6. Access class restrictions: access class restrictions might be needed to limit the number of possible UEs using RACH;
7. Persistence values: possible persistence value scheme parameters are needed for RACH usage.

[4] also specifies that open loop power control is used to set the power level of a UE’s random access preamble transmission. Then, in addition to the above, the UE will also need to know the following information (Section 2.2):

8. Decode the common power baseline from the serving cell.
9. Measure broadcasted received power Pcell-s + Ls,k from the serving cell.
2.3.2. RACH information split between P-BCH and S-BCH
Parameters 1-7 above are expected to vary at a slow rate (e.g. few hundreds of ms) so that most can be carried on the S-BCH and can be associated with a “validity period” (Figure 2). Parameter 8 can vary faster and it is further justified below why it should be carried on the P-BCH. Moreover, we distinguish between two RACH usages: contention-based usage in either LTE_IDLE or LTE_ACTIVE and contention-free usage in inter-NodeB Handover.
Contention-based usage

In the case of an IDLE to ACTIVE state transition, the latency requirement of 100ms [6] allows the UE to read all parameters on the P/S-BCH before sending the RACH. The latency requirements of the RACH in LTE_ACTIVE are more stringent: the transition time (excluding DRX interval) shall be less than 50 ms between a dormant state such as Release 6 CELL_PCH and an active state such as Release 6 CELL_DCH [6]. In this case, the UE cannot wait for reading the S-BCH whenever it needs to send a RACH. Instead, it will maintain RACH parameters by reading the S-BCH at the beginning of each new validity period of the RACH parameters (Figure 2). 
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Figure 2: BCH usage in support of RACH
Contention-free usage

[7] proposed the principle of contention free handover execution and [8] describes how the RACH can be used in a contention-free manner when a UE accesses a target NodeB during an inter-NodeB handover (HO) procedure. [9] further extends this idea by allowing the UE to start an early RACH procedure whenever the handover is perceived imminent using a reserved signature allocated by the serving NodeB (each NodeB maintains with its neighbors a set of signatures reserved for handover). In all cases, the UE needs to be able to initiate a RACH attempt in the very next access slot, so cannot afford waiting for reading the S-BCH of the target NodeB (it is assumed that pre-handover measurements did not require reading the S-BCH either). As result all information needed to transmit the first RACH attempt must be available from the serving cell and the P-BCH. This information is:
1. Next Random access channel time-frequency position (frequency hopping is assumed between RACH time slots)
2. Signature to use (identifies the Zadoff-Chu sequence, cyclic shift and frequency bin in case of multiple RACH frequency slots allocated in the next RACH time-slot)

3. Preamble format for the target cell (baseline 1ms structure or extended structure)
4. Initial Rach transmit power setting, derived from common power baseline and received power estimates
We suggest splitting the information as follows:

· The UE derives the next RACH time-frequency position from the SFN read on the P-BCH. The Frequency hopping pattern as a function of the SFN of the target cell is known by the serving cell, which communicates it to the UE with the HO command;
· The signature and preamble format to use are given to the UE by the serving cell with the HO command;
· The UE reads the common power baseline for open-loop power control on the P-BCH
From the above, the minimum necessary parameters to be carried on the P-BCH to operate fast inter-NodeB HO are:

1. SFN
2. Common power baseline
It should be noted that the initial transmit power for the RACH preamble can be derived (fixed offset) from the initial transmit power on PUSCH. As a result, the only additional information, on top of what was already listed in Section 2.2 for UL Power Control is the SFN.
2.4. BCH and Handover measurements
In this Section, we address the measurements performed by a UE, to examine which neighboring cell could be the best candidate for handover (HO), from a radio-link quality perspective. These measurements are triggered by observed persistent radio link degradation with the serving cell. The simplest way to compare radio link qualities of neighboring cells is to focus on the DL radio link only. Indeed, such approach reduces to measuring and comparing the SINRs or signal strengths of the received DL RS from neighboring cells. The DL Synchronization Channel (SCH) is sufficient for that and there is no need to read any information on the BCH. However, despite its simplicity, a DL-SINR-only HO trigger should be precluded for the following reasons:
· The DL and UL interferences can be very different

· UL-blind HO is risky as the UL Target SINR of the baseline serving OLPC may vary from cell to cell so that DL SINR and signal strengths do not accurately reflect the practical UL radio link conditions the UE will need to operate in the target cell.
· It is shown in [14], that the Minimum Power Handoff (MPH) algorithm, in which the UE constantly searches for the NodeB that minimizes the UL transmitted power reduces the average transmit power by 4 dB compared to SIR Based Handoff.

As a result, we propose that, in conjunction to DL measurements, the estimate UL transmit power in neighboring cells is reported to the serving cell as part of HO measurements. This requires the UE runs, for each neighboring cell, the baseline OLPC algorithm and therefore accesses the common power baseline field (in Section 2.2), of each cell. Given the critical latency associated to HO measurements, this further stresses the need that these information fields are carried on the P-BCH.
2.5. P-BCH content
In light of the above P-BCH interaction with time-critical Power Control, RACH, and Handover procedures, the P-BCH should carry, on top of other time-critical parameters required by other procedures:

1. SFN (needed for RACH-HO and identifies S-BCH location)
2. Common power baseline
3. Target power gap between serving and non-serving UEs
3. P-BCH structure
Section 2.5 defines the P-BCH content, where the SFN varies on every transmission while parameters 2-5 are static over multiple transmissions (e.g. between 2 S-BCH instances). As a result, we propose splitting the P-BCH into static and SFN parts, so as to allow soft-combining the static part. The associated proposed structures is shown below, where the static part is sent in 1.25MHz over 1 ms, followed by the SFN sent in 1.25MHz over the 1st symbol of the next sub-frame.
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Figure 3: P-BCH split into static part and SFN
4. Conclusion

In this contribution, we examined the minimum P-BCH content allowing optimizing Power Control, RACH, and Handover procedures and came to the conclusion that the P-BCH should carry, on top of other time-critical parameters required by other procedures, the following parameters:
1. SFN
2. Common power baseline, required for Intra-Cell Open-Loop power control. 

3. Target power gap between serving and non-serving UEs, required for Inter-Cell Open-Loop power control.
We propose that the scheduling information of the S-BCH is limited to the SFN, e.g. the S-BCH is always scheduled a fixed timing offset after the P-BCH, and the frequency location is derived from the SFN. We also suggest that fixed coding is used for the S-BCH, so that no additional L1 parameters are needed to decode the S-BCH.

Finally, we proposed a P-BCH structure where the static part is sent in 1.25MHz over 1 ms (according to original P-BCH design), thus allowing soft-combining over P-BCH transmissions, followed by the SFN sent in 1.25MHz over the 1st symbol of the next sub-frame..
References
[1] R1-070606, “Reply LS on Primary BCH Transmission”, TSG RAN WG1
[2] R2-07xxxx, “Draft0 minutes of the 56bis TSG-RAN WG2 meeting”, 3GPP Support
[3] R2-07xxxx, “System Information broadcasting” E-mail Rapporteur (Nokia)
[4] 3GPP TS 36.213 v0.2.0, “Technical Specification Group Radio Access Network; Physical layer procedures (Release 8)”
[5] 3GPP TS 36.300 v0.4.1, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2 (Release 8)”
[6] 3GPP TS 25.913 v7.1.0, “Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN) (Release 7)
[7] R2-063082, “Non-contention based handover execution” Nokia
[8] R2-063093, “Non-contention based handover procedure on RACH channel” ZTE
[9] R2-070081, “Optimized Handover method for reducing latencies in UL synchronization and initial UL allocation in E-UTRA”, Texas Instruments
[10] R1-070442, “Inter-cell Interference Control” Qualcomm
[11] R1-070322, “Fractional Power Control using Pilot Power Ratio Measurements for the E-UTRA Uplink” Alcatel-Lucent
[12] R1-070108, “Transmission Power Control in E-UTRA Uplink” NTT DoCoMo, NEC, Panasonic, Sharp, Toshiba Corporation
[13] R1-070285, “Uplink Power Control for EUTRA: Optimizing the Trade-off between Cell-Edge and Cell-Average Throughputs”, Texas Instruments
[14] C. N. Chuah, R. D. Yates, “Evaluation of a Minimum Power Handoff Algorithm” IEEE, 1995.
[15] R1–070742, “Open Loop Inter – Cell Power Control For E-UTRA”, Texas Instruments











































































































































































































































































































































































- 6/6 -

