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1. Introduction

At RAN2#57, several fundamental points about the design of the BCH (primary and possibly secondary) were agreed in a joint session with RAN1, opening the way for a more detailed specification of the aspects under RAN2 control.  This document proposes a way forward on some of these aspects.
2. Discussion
2.1. Secondary BCH vs. extended primary BCH
The reason for (possibly) having a secondary BCH is the desire to, in a sense, extend the primary BCH.  If we accept the very restrictive size that was discussed for the P-BCH in [2], the cell-reselection parameters are inevitably forced off the P-BCH.  However, it is still desirable for these parameters to be readable by a UE in a neighbouring cell as an aid to efficient idle mobility, which suggests putting them on a secondary BCH with many of the same characteristics as the primary.

To be readable from a neighbouring cell, the secondary BCH would probably need to be confined to the centre 1.25 MHz of the system band along with the primary.  It could have a longer TTI/periodicity than the P-BCH, and it need not reside in the same OFDM symbols as the sync channel, which could make slightly more bandwidth available in each 10-ms frame.

If the putative contents of the S-BCH can be made compact enough to fit in the P-BCH (at the cost of extending the P-BCH TTI, e.g. to 20 ms), there is obviously no need for a separate S-BCH.  The feasibility of this approach depends on the maximum acceptable TTI and the size of the parameters.
The cell reselection parameters (assuming the use of the multiple-tracking-area scheme that was agreed at the last RAN3 meeting) are as follows:

· TA ID (one ID per cell; 16 bits)

· PLMN IDs (up to 6 entries, per [3]; 24 to 144 bits)

· Barring information (~7 bits, based on UMTS)

These parameters (by themselves) could fit in a 10- or 20-ms TTI in most cases, but network sharing situations could extend them beyond that.  One possibility for dealing with such cases would be a flexible TTI on the S-BCH; another is just to optimise the signalling.

If possible, it would be simpler to include these parameters as part of the P-BCH, at the cost of extending the P-BCH TTI.  This certainly would require aggressive signalling optimisation for network-sharing cases.  The next section discusses one possible approach to the required optimisation.
2.2.  Signalling of PLMN ID list

The problematic cell-reselection parameters are dominated by the list of PLMN IDs.  In many cases this list would be a single entry, and in the vast majority of cases it would include only a few entries, but the channel still needs to be dimensioned for a worst-case network-sharing scenario that should be rather rare.  This flexibility is inconvenient for a channel with static properties.

One signalling approach might be to transmit the actual list of PLMNs on the dynamic BCH, and include in the P-BCH or S-BCH either a short identifier for the entire list, or a list of short identifiers for the PLMNs, as shown in Figure 1.  
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Figure 1: Two versions of a compact PLMN list

This approach seems likely to work well since the number of PLMN combinations that could be involved in network sharing in a given geographic area is rather small, and so the list does not need to be very large.  Certainly the length of the index can always be much less than the size of even a single PLMN ID (so that this sort of optimisation might be worthwhile even in cells without network sharing).

A UE arriving on the system for the first time would need to read the PLMN list and the mapping of identifiers from the D-BCH once, but after receiving that information it could read only the identifier(s) on the P-/S-BCH.  Some mechanism would be needed to prevent collisions of identifiers in neighbouring areas; one possibility would be to scope the identifiers to a tracking area or a set of tracking areas.  If a distinguished “primary” PLMN were always sent explicitly on the P-BCH (which might be desirable in any case), the lists could actually be scoped to an entire PLMN.
The choice of a precise scheme is clearly a stage 3 issue; we have set out this much detail only to make it clear that the problem of signalling multiple PLMN IDs compactly can be solved without unreasonable complexity.  Using the encodings shown, the worst-case network sharing scenario (using the “list of indices” approach on a cell shared among six PLMNs) would require 18 (vs. 144!) bits on the P-/S-BCH.  The common case of a single PLMN could be handled by sending the single PLMN ID (24 bits); although this approach would actually be more expensive than sending a single index into a (very short) list, it would allow UEs in neighbouring cells to read the PLMN ID directly from the P-BCH, and this benefit would need to be weighed against the bandwidth cost.
2.3. Barring and reservation status

The text of TS 36.300 (Annex C) explicitly leaves open the question of whether cell barring and reservation status need to be indicated on a per-PLMN basis or only once for the eNode B.  Assuming that LTE uses the same 7 bits of information as UMTS, the worst case for separate signalling per PLMN would be 42 bits.  This size could actually be feasible on the P-BCH with a sufficiently long TTI.
In addition, even if not all barring information can be common across PLMNs, some barring information could  be; e.g., if a cell is reserved for operator use, the operator presumably does not want anyone’s users (and the cell is unlikely to be shared anyway), so perhaps the “reserved for operator use” bit can be assumed to be common to all PLMNs.

It appears that, in any case, the size of the barring status is unlikely to be a showstopper for transmission of the reselection parameters on the P-BCH.  However, in the interests of stabilising the P-BCH design, it would be useful to come to some conclusion about which of these fields can be assumed to be common to all PLMNs in an eNode B.
2.4. Choice of TTI

Under current RAN1 assumptions ([2]), each 10-ms frame of the P-BCH can be assumed to carry 40 bits including CRC.  Channel estimation could raise this number to 50 bits, with the possibility of further gains (see [4]).

The P- and S-BCH need to contain three classes of information:

· Physical-layer parameters needed to read (at least) the D-BCH;

· Cell-reselection parameters;

· Scheduling for the D-BCH.

Past estimates of the size of the physical-layer parameters and related critical information have been in the range of 17-24 bits (e.g., [5], [6]).  However, since RAN1 are still considering such matters as the granularity of resource allocation on the downlink and the necessary MIMO parameters, these sizes should be considered as lower bounds.
Based on the analysis of this document, the cell-reselection parameters could occupy as little as 47 bits (16-bit TA ID, 24-bit PLMN ID or list optimised to a smaller size, 7-bit barring information) or as much as 202 bits (16-bit TA ID, 144-bit PLMN list, 42-bit barring information).

Finally, the size of the scheduling information is uncertain, but it might reasonably consist of a single resource-block pointer pointing to the location of SU-1, with a size of at most 13 bits (the exact size depends on RAN1 decisions).  The total data size is then somewhere in the vast range between 77 and 239 bits.  Much of the variability comes from the PLMN list; if the size of this list is assumed to be limited to 24 bits, the total size of the P-BCH is then from 77 to 112 bits (the remaining variability being due to the barring information).
Assuming a 16-bit CRC, a 40-ms TTI would offer 144 data bits, which should be adequate with reasonable signalling optimisations.  A 20-ms TTI offers 64 data bits—too little to support even the best-case cell-reselection parameters.
If the capacity of a 10-ms TTI is raised to a fairly conservative 50 bits by channel estimation (or other means), a 20-ms TTI could offer 84 bits (100 including CRC).  To carry all the data considered above, this capacity would require significant signalling optimisations (e.g., in the barring information for network-sharing cases), but it might be feasible.

On this basis, we conclude that there are four realistic options for the arrangement of the BCH, as shown in Table 1.
	
	TTI
	Capacity per 10 ms (including CRC)
	Data capacity of P-BCH TTI

	Option 1 (P-BCH and S-BCH, no channel estimation)
	20 ms
	40 bits
	64 bits

	Option 2 (P-BCH only, no channel estimation)
	40 ms
	40 bits
	144 bits

	Option 3 (P-BCH only, with channel estimation)
	20 ms
	50 bits
	84 bits

	Option 4 (P-BCH and S-BCH, with channel estimation)
	10 ms
	50 bits
	34 bits


Table 1: Options for P- and S-BCH
In options 1 and 4, the cell-reselection parameters are carried separately on the S-BCH (with a TTI that need not be the same as that of the P-BCH); in the other cases there is no S-BCH and all parameters go on the primary.

Evidently there are several interacting variables, and RAN2 cannot make a final decision without input from RAN1.  However, based on the information currently available, there are two major possibilities:

If RAN1 can increase the P-BCH capacity:
The choice here is between options 3 (20-ms TTI, P-BCH only) and 4 (10-ms TTI, P-BCH and S-BCH).  Because of the complexity associated with the S-BCH, and because the TTI capacity of 34 bits is quite close to the minimum needed, in this case we would tend to favour option 3.  Aggressive signalling optimisation would be required since the expected data capacity of 84 bits is only slightly above the smallest required size of 77 bits; indeed, a decision from RAN1 that significantly increased the size of the physical-layer parameters might make both options 3 and 4 infeasible.
If the P-BCH capacity remains fixed at 40 bits:
With the current expected P-BCH capacity, the choice is between options 1 (20-ms TTI, P-BCH and S-BCH) and 2 (40-ms TTI, P-BCH only).  While the 40-ms TTI would offer ample data space, it is also long enough to raise some concern about its effect on various procedures (e.g., cell search and acquisition, inter-frequency mobility), and the shorter TTI would probably justify the complexity of an additional channel.
3. Conclusions
Any of options 1, 3, and 4 appear to be acceptable, and option 2 arguably so, but some information from RAN1 is required before RAN2 can make a final decision among them.  As a way forward, we propose adopting the following working assumptions:

· P-BCH TTI of 20 ms;
· S-BCH to be used if RAN1 do not increase the P-BCH capacity;

· Reselection parameters transmitted on either the P- or S-BCH, but in any case readable from neighbouring cells.

Signalling optimisations, such as the PLMN list encodings described above, will be determined as necessary to make these parameters fit; also, a decision is needed on what barring information can be assumed to be common to all PLMNs.
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