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1
Introduction

Focus of this paper is to describe RAN2 current status on BCH, and identify the key elements which need to be sent on primary and secondary BCH.

2   

Discussion
Current RAN2 understanding of broadcast channels is following:
· Primary BCH (P-BCH): 
· static coding, 
· info sent every 10ms (or possible ever more often)

· Sent always on smallest supported BW (currently 1.25 MHz)
· Contains scheduling for secondary BCH, if scheduling cannot be found implicitly (e.g. fixed in the the specification)
· Secondary BCH (S-BCH): 
· Could have static L1 parameters (as coding, modulation, resource block , …). What L1 parameters can be fixed?
· Sent less often than P-BCH, 
· potentially sent on wider BW than P-BCH
· Dynamic BCH 
· shared with data and allocated by BCCH-CRNTI, which means that scheduling can have very flexible resource block usage. Can some of L1 parameters be fixed?
2.1 Contents of P-BCH

As it has already been identified in the current TS that cell selection/reselection, cell search and PLMN search procedures were identified to be needed in the static part of system information set. Most of the information in the static part is mainly needed by those UEs in LTE_IDLE state using cell reselections as a mobility procedure. On the other hand information such as access restrictions are not needed by UE when the mobility is handled via HOs as it is done in RRC_CONNECTED state. As RAN1 indicated in the LS R2-070399 that P-BCH size should be minimized to 30-40 bits (including CRC) it is impossible to accommodate whole static part without segmentation. Basicly we then have couple alternatives to solve the issue:

2.1.1 Segmentation of P-BCH

As static part was identified to be near 200 bits long and if we consider that segmentation information consumes around 8bits (4 bits index, 4 bits count) with fixed sized blocks. This means that one segment can hold 12-22 bits (CRC size of 10bits – RAN2 needs to clarify size of the CRC needed for P-BCH from RAN1). This means that static part is segmented into 10-17 segments and basicly means that reading of P-BCH will consume at least 100-170ms. Taking these facts into account it is necessary to consider other proposals;
2.1.2 Limiting contents of P-BCH

As the P-BCH can hold only 30-40 bits of information per TTI it is probably needed to limit amount of information in the P-BCH. Because most of the parameters in static part are needed by the UEs in LTE_IDLE, it might be better suited for P-BCH to be optimized for UEs in RRC_CONNECTED state. Actual cell reselection procedure after cell search and identification is not so time critical that we need to send all information with same repetition rate compared to parameters related to cell search and cell idenfication. 
In addition to cell search/identification parameters P-BCH should contain any information that is needed by the UE to decode S-BCH. So following parameters may be needed in the P-BCH:

· L1 parameters that are needed to decode S-BCH (To be clarified from RAN1)

· Scheduling information of the S-BCH (if it is not fixed). This might include SFN

· Measurement Cell Identity. This may be needed to identify the cell for use in reporting HO measurement result. The explicit Measurement Cell Id would be needed, if UE does not identify cell for measurement purposes explicitely from L1 channels without any possibility of mixing the cell with another one. (Need for this to be clarified from RAN1)

· CRC (Size to be clarified from RAN1)

· Change mark
As L1 parameters needed to decode S-BCH are anyway needed as well as CRC, RAN2 needs to consider need for Measurement Cell Id, Scheduling Information of the S-BCH and possible additional parameters
2.1.2.1 Need for Measurement Cell Id

Before RAN2 can conclude on the need of measurement cell id, RAN2 needs to get clarification to following questions?

· It would be bad for user experience if UE reports a cell, which is thought by the NW to be some other (e.g. from different PLMN)

· What are scenarios when measurement cell identity is needed?

· Is there need to have identity distinguishing cells of same NW for measurement purposes?
· Currently PLMN border area, when two PLMNs are using same frequency carrier
2.1.2.2
Need for scheduling information
In order for the UE to efficiently read the S-BCH there may be need to have scheduling information of the S-BCH in the P-BCH. It might be difficult to indicate exact allocations of the S-BCH in the P-BCH due to size limitiations, but it might be that only time information is needed. This is possible if S-BCH has fixed transport format (coding, modulation etc…) or if L1/L2 signaling channel is used to give those parameters. If S-BCH has fixed scheduling then there is no need to transfer anything but SFN in order to let UE to know position of the S-BCH. Of course only radio frame number of S-BCH is not enough thus the correct subframe (unless fixed in the specification) should also be known to the UE. Thus assuming that transport format is not needed to be sent on P-BCH at least following alternatives exist for providing scheduling information for S-BCH:
2.1.2.2.1
SFN + Scheduling information
In the P-BCH we may include SFN and scheduling information in order to provide accurate position of S-BCH. Amount of scheduling information could be limited e.g. into modulo of SFN or if the S-BCH scheduling is fixed then in addition to SFN nothing is needed. Additionally if SFN is broadcasted in P-BCH it could be used by UEs reading neighbouring cells S-BCH e.g. this could be useful especially if RACH uses frequency hopping (all RACH occasions are not using same frequency) and of course it could be utilised for any scheduling.
Pros:

· SFN can be used also for other purposes (e.g. RACH uses frequency hopping, possible non-contention based HO, …)
Cons:

· Some information needed in P-BCH – SFN (around 12bits – 40 seconds coverage) + scheduling information 

· More information than other proposals
· Soft Combining of P-BCH not possible (without possible delay penalty )
2.1.2.2.2
No scheduling info

One option is to omit S-BCH scheduling information from P-BCH, which allows easy usage of soft combining for P-BCH. On the other hand it forces UE to find S-BCH blindly because UE does not have any knowledge of the S-BCH location. This will of course increase cell reselection time and battery consumption of the UE especially in the RRC_IDLE state. In figure 1 it is illustrated that we have S-BCH located every 40ms. In worst case (S-BCH location is not in fixed subframe) UE needs to look for 30ms for S-BCH basicly in non-DRX thus causing quite a lot of additional power consumption. 
NOTE: This figure is just an example and repetition of S-BCH might be different, And wehen RAN2 decides any possible repetition rates it should at least following point into account: Cell selection and reselection performance, UE power consumption and BCCH capacity requirements.
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 Pros:

· Nothing needed in P-BCH 

· Soft combining of P-BCH possible

Cons:

· UE needs blindly discover location of the S-BCH
· UE power consumption

· Using neighbouring cells S-BCH might not be an option

2.1.2.2.3
Relative scheduling info

In the P-BCH we could indicate difference of the S-BCH location to currently read P-BCH location e.g. P-BCH just indicates number SFNs between read P-BCH and S-BCH.

Pros:

· Small set of information needed in P-BCH (no SFN needed) 

Cons:

· RACH usage in HO might be delayed

· Soft Combining of P-BCH not possible

2.1.2.3
Change Mark
Change mark in the P-BCH may indicate changes on the S-BCH alternatively change mark can be located on the S-BCH (e.g. in the scheduling block/MIB).

Companies promoting chamge mark in the P-BCH: None
2.1.2.4


Additional parameters

Currently RAN2 has not identified additional required parameters to be sent on P-BCH.
2.2 S-BCH vs. Dynamic BCH

P-BCH is seen as necessary part of BCH, but then how the rest of the system information is organized is a good question. Do we need different characteristics for the channel for different information elements that are left out of P-BCH? As most of the static part as identified in the TS and scheduling information for the rest of system information is out of P-BCH we need to consider if it needs to have fixed or dynamic format:
2.2.1
S-BCH vs. Dynamic BCH for static part and scheduling block

2.2.1.1
S-BCH

· Fixed format, thus less parameters to be broaccasted in P-BCH as scheduling information (Some L1 parameters may be variable, but then more information is needed in P-BCH)
· May have fixed scheduling in time (could vary per cell BW), which means also less scheduling information and helps UE to locate Scheduling Block/Static part
· If both Time and L1 resource block is fixed then there is no need for any scheduling information in P-BCH except possibly time reference (e.g. SFN)
2.2.1.2
Dynamic BCH
· Very flexible format – Only time information needed in P-BCH and static part/scheduling block could utilize any BW/symbols of the subframe. Possibly modulation/coding are fixed. 
· No need to have resource block information in P-BCH

· Static part of system information could use fixed scheduling in time (could vary per cell BW ), then only time reference possibly needed in P-BCH
· Overhead on L1/L2 signalling channel

Company Positions:

S-BCH:?

Dynamic-BCH:?
2.2.2
S-BCH vs. Dynamic BCH for rest of the system information
2.2.2.1
S-BCH

· If every L1 parameter cannot be fixed (e.g. resource block) then S-BCH will need more information in the scheduling block than dynamic-BCH

2.2.2.2
Dynamic BCH
· No need to have resource block information in scheduling block (only time information needed)
· Overhead on L1/L2 signalling channel might be an issue – But on the other hand overhead is only when SIB is really allocated (Not repeated as it would be if located in scheduling block)
Company Positions:

S-BCH:?
Dynamic-BCH:?
3
Questions to RAN1
1. What is the capacity of S-BCH per TTI for smallest BW cells? How about larger BW cells? RAN2 is also interested in having same information for the PCH
2. What information RAN1 needs to have on P-BCH to enable UE to read S/Dynamic BCH or is UE able to get enough information when detecting cell from synchronization or other L1 channels? How much those possible L1 information elements consume from P-BCH capacity per TTI?

3. How much is the signalling overhead in the L1/L2 signaling channel for allocating Dynamic-BCCH? And due to nature of BCH are there some “unused” bits availbe in the L1/L2 signaling channel when used for allocating BCCH?
4. Although RAN1 already indicated in R1-070399 that P-BCH repetition rate is 10ms, it was still uncertain to some companies why so frequent repetition rate was chosen by RAN1. Could you elaborate reason for the high repletion rate of P-BCH? And what are drawbacks if more relaxed repetition rate is chosen?
5. Can UE withtout time reference (e.g. SFN) to be able to know where RACH is located in time and frequency? Or is RAN1 considering having e.g. frequency hopping for RACH?
6. Can a cell be identified uniquely for the measurement purposes by using L1 channels i.e. synchronization channels or does P-BCH need to provide some additional information in order for UE to be able to verify the cell identity, thus preventing reporting a cell to the NW which may be interpreted as some other cell of the same or other PLMN?

7. Is RAN1 planning to use soft combining for P-BCH? If soft combining is needed for BCH channels is it also needed for any channel/message (S-BCH, PCH, initial message in RACH procedure etc…) that do not utilize HARQ? Does soft combining prevent having changing information on P-BCH? If yes, it has raised some concerns in RAN2, because it prevents having time reference (e.g. SFN) in the P-BCH, thus preventing providing scheduling information for the S-BCH. Does it affect possibility of reading of neighbour cell S-BCH in intra- and inter-frequency cases? How about UE power consumption if it needs to blindly look for S-BCH?
4

Conclusions

Currently RAN2 cannot conclude preference for S-BCH/Dynamic-BCH and contents of the P-BCH, thus RAN2 made list of question to chapter 3 that should be clarified from RAN1.
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