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1. Introduction
It was agreed, during the RAN WG1-RAN WG2 joint meeting in Athens, that RRC_Connected UEs should be able to read the BCH information from the serving cell without interruption of the active session ‎[1]. RAN1 was tasked to evaluate the impact of mandating RRC_Connected UEs to read the BCH from non-serving cells, whilst RAN WG2 was given the task of evaluating the content and the organization of the broadcasted system information and handover scenarios. Furthermore, during the last meeting, RAN WG2 agreed to divide the system information broadcast into two parts: a static part and a flexible part. The static part is transmitted using a fixed time-frequency resource and the flexible part may be mapped onto a resource shared with the DL-SCH.

In this paper, we outline our views on the E-UTRA BCH from the RAN WG1 point of view. We use the term of the P-BCH to refer to the static part of the broadcast system information.

2. P-BCH Time Frequency Structure

The principles of the P-BCH physical structure agreed in [2] include:

· Time domain:
· The P-BCH is transmitted once or multiple times per 10ms radio frame with a well-defined time relation to the SCH timing.
· Frequency domain:
· To enable bandwidth independent cell search and P-BCH reception, the P-BCH bandwidth is equal to the minimum system BW i.e. 1.25 MHz (or more precisely to the effective part of the minimum system BW, i.e. 1.25 MHZ * BW efficiency e.g. 72 sub-carriers), as shown in Figure 1,
· The P-BCH is transmitted using the center frequency of the corresponding E-UTRA carrier independently of the carrier width,
· Alternatively, the P-BCH BW of 5 MHz is considered in order to increase frequency diversity when the corresponding carrier bandwidth is greater than or equal to 5 MHz.
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Figure 1 Carrie bandwidth independent frequency domain structure of P-BCH
In [3] and [4], the link level performance of 1.25 MHz and 5 MHz P-BCHs was examined. To exploit the additional frequency diversity of the 5 MHz P-BCH either blind bandwidth detection or signaling of the P-BCH BW via the SCH is required during cell search.
To avoid the additional options and complexity, we propose that the bandwidth of the P-BCH, used for initial cell search, is system bandwidth independent and equal to the effective part of the minimum system BW (the BW efficiency for the minimum system BW is still examined by RAN WG4). Moreover, the P-BCH should be transmitted with the same center frequency as the SCH.
Assuming that the P-BCH BW is equal to the number of used sub-carriers in a 1.25 MHz DL spectrum allocation, the time domain structure of the P-BCH should be derived on the basis of the coverage/BLER requirement, the P-BCH payload (mainly up to RAN WG2) and the P-BCH repetition interval vs. overhead trade-off.
3. System Information Reading by RRC_Connected UEs

E-UTRA system information is divided into:

· Static part:

· Primary system information transmitted on the predefined P-BCH.
· Primary SI may include:

· Pointer to the flexible part blocks,

· Indicator of secondary system information changes,

· Information needed during PLMN/cell search (e.g. PLMN/cell ID), information required before camping on the cell, information required before accessing the cell (e.g. L1 parameters like system BW, multi-antenna configuration etc.).
· Flexible part:

· Secondary system information transmitted on scheduled resources (S-BCH). The capacity of the flexible part is greater than the static part capacity, however, the SI on the flexible part is sent less often, possibly with various per information element repetition intervals.
· Secondary SI may include:

· Scheduling information of the flexible part,

· Rest of the system information e.g. RACH/persistency parameters, cell reselection parameters etc.
It was agreed that RRC_Connected UEs should be able to receive the system information from the serving cell without active session interruption e.g. in case when the system information is updated.
In our opinion, the requirement applies to both primary and secondary system information, because both parts will include information relevant for RRC_Connected UEs and both parts may be changed.
It is beneficial if this kind of system information reception occurs at a low duty cycle i.e. less frequently than every P-BCH repetition interval or even less frequently than every secondary system information interval. One method to achieve this would be: RRC_Connected UEs read the P-BCH every repetition interval of the secondary system information. Subsequently the secondary system information is read only if the indicator in the P-BCH shows that the secondary SI has changed in comparison with the previous secondary SI interval. Another option would be inband signalling indicating changes of either system information part.

To allow RRC_Connected UEs to seamlessly receive the system information, these UEs should be able to read it without measurement gaps and without receiver retuning. Such reading is possible when the system information can be received within the UE reception bandwidth. However, this kind of system information reading is not supported by the current BCH assumptions in the case of the minimum BW capability UEs in a 20 MHz cell. As shown in Figure 2, the RX bandwidth of 10 MHz UEs in the RRC_Connected state is placed either to the lower or higher half of the effective TX bandwidth [5] (position 1 and 2 respectively), thus not the whole centrally transmitted system information can be received.
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Figure 2 UE camping positions in a 20 MHz cell
Some means for achieving seamless reception of the system information from a 20 MHz serving cell are:
1. Option 1: 2-fold, contiguous or non-contiguous P-BCH repetition, as shown in Figure 3 or in Figure 4 respectively
Merits:

· The P-BCH can be read from any camping position
Demerits:

· 2x overhead increase
· The structure of the P-BCH is different for BWs below 20MHz, therefore, SCH signalling or blind detection is required during initial cell search
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Figure 3 Two-fold, contiguous BCH repetition
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Figure 4 Two-fold, non-contiguous BCH repetition 
2. Option 2: 3-fold, non-contiguous P-BCH repetition, as shown in Figure 5
Merits:

· The P-BCH can be read from any camping position

· The structure of the P-BCH used for initial cell search is system bandwidth independent
· The same P-BCH structure for RRC_Idle and RRC_Connected UEs

Demerits:

· 3x overhead increase
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Figure 5 Three-fold, non-contiguous BCH repetition
3. Option 3: 2-fold, contiguous P-BCH repetition, as shown in Figure 6
Merits:

· The P-BCH can be read from any camping position

· The structure of P-BCH used for initial cell search is system bandwidth independent
Demerits:

· 2x overhead increase
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Figure 6 Two-fold, contiguous, BCH repetition
4. Option 4: no repetition, cyclic shifting of system information, as shown in Figure 7
Merits:

· The P-BCH can be read from any camping position

· The structure of P-BCH used for initial cell search is system bandwidth independent

· No overhead increase

Demerits:

· 2x increase in P-BCH reception time for 10 MHz RRC_Connected UEs
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Figure 7 BCH system information shifting
Since reading of the system information of the serving cell in the RRC_Connected state is relatively seldom and not time-critical (only when changed), based on the above points, we propose to adopt option 4.  In that case there is no overhead increase; the P-BCH structure is carrier bandwidth independent; while the doubled reception time seems acceptable, because the P-BCH may be read by RRC_Connected UEs with a longer duty cycle than its repetition interval. The same principles and recommendations hold for the secondary system information.
In case reception of the system information by RRC_Connected UEs from either 10 MHz sub-band is delay-sensitive, we propose to use option 3 i.e. to replicate the system information in each 10 MHz sub-band. Reception of the system information may be time-critical when, for example, the SI (or part thereof) is read from the intra-frequency target cell before HO execution while the UE is connected to the source cell. However, reception of the system information from the target cell should be supported only if the latency reduction due to so-called ‘contention-free, (DL) pre-synchronized handover’ justifies additional UE complexity (additional parallel processing capabilities like an FFT).
4. Conclusion
In this document we have discussed various aspects of the E-UTRA Broadcast Channel structure and procedures. Based on the above discussion, we propose:
· Single P-BCH bandwidth equal to the effective part of the minimum system BW,
· P-BCH transmitted with the same center frequency as the SCH,
· P-BCH structure used for initial cell search system bandwidth independent,
· System information mapping in 20 MHz spectrum allocations:

· Cyclic shifting of the system information if SI reading in RRC_Connected is delay-tolerant (e.g. the system information is received only from the serving cell),
· Or alternatively, 2-fold frequency domain repetition of the system information if SI reading in RRC_Connected is delay-sensitive (e.g. the system information is received from the target cell).
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