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1 Background
The design aspects of a second broadcast channel were discussed during RAN2#85bis [1], [2], [3], [4], [5]. The following agreements were made:
· Introduce a transport channel S-BCH for the second broadcast channel, which is mapped onto S-CCPCH.
· New SIBs introduced in REL-12 or later are introduced on both BCH and S-BCH
· We can schedule the same SIB type with the same content on both BCH and S-BCH,   FFS whether we will allow different SIBs content  
· UE shall be able to monitor two S-CCPCHs simultaneously 

· UE shall be able to read S-BCH mapped onto a different S-CCPCH than PCH and FACH/CTCH.

· UE may skip reading S-BCH during CTCH occasions in Idle mode and CELL_PCH/URA_PCH state. 
· UE shall be able to receive S-CCPCH for S-BCH in CELL_FACH when HS-DSCH is used
· A new Scheduling Block 3 (SB3) is introduced to provide the scheduling information for the SIBs on S-BCH.   The SB3 is transmitted on the S-BCH and SB3.  FFS if we allow to be transmitted on legacy BCH.  
· FFS how the scheduling of the SB3 is performed. 
· We will introduce a Xbit value tag for SB3, where X is FFS.  
· Introduce the SB3 value tag in Paging Type 1 and SYSTEM INFORMATION CHANGE INDICATION message to indicate a change in system information on S-BCH.   A change in legacy and S-BCH will be signalled by setting both legacy and new indication.  FFS whether we need to have a new BCH modification time for S-BCH.

The open issues for the S-BCH design, as listed in the chairman notes for the SIB enhancements above, are further discussed in this contribution. 

RAN1 has completed the L1 design issues [6], [7]:

· The physical channel carrying BCH2 is S-CCPCH; 

· The spreading factor is 256;

· The BCH2 transport channel shall be mapped to a separate S-CCPCH that is used exclusively for BCH2 data, i.e. no multiplexing with other transport channels shall be made. The UE shall not be required to receive more than two S-CCPCHs simultaneously.

· The BCH2 transport channel shall use a 20 ms TTI.

· There is only one non-zero transport format for the BCH2. When there is no data provided from higher layers, full DTX is applied for the TTI.

· The transport format set for BCH2 contains two transport formats, TF0 = 0x246, TF1 = 1x246. When no data is provided from higher layers TF0 is used and full DTX is applied, i.e. no bits at all are transmitted on S-CCPCH (zero power cost).

· A 16-bit CRC is used for the BCH2 transport channel

· Rate ½ convolutional coding is used as channel coding scheme for the BCH2 transport channel. 

· A new S-CCPCH slot format is defined to be equal to the existing P-CCPCH, i.e. support 18 data bits. The first 256 chips at the beginning of each slot are DTX’ed.

· The S-CCPCH carrying BCH2 shall use the same TX diversity mode as the P-CCPCH.

· The S-CCPCH carrying BCH2 shall use the same radio frame timing as the P-CCPCH.

· The S-CCPCH carrying BCH2 shall use the primary scrambling code.

· It is RAN1’s opinion to have the channelization code configurable, and further discussion to happen in RAN2.

RAN1 agreed to have the channelization code for the S-BCH configurable, however left the configuration details for RAN2 to discuss further. The channelization code configuration is further in this contribution. 
For "SIB3 reading enhancements" under the "Further EUL Enhancements" work item it was proposed during RAN2#85bis to discuss extending the SIB value tag range further under the "SIB enhancements" work item [8]:
=>
Way forward – to fix the SIB3 wrap around issue we will consider increasing the SIB value tag and we will do it as part of the SIB enhancement WI. 

The SIB value tag range extension is further discussed in this contribution. 
2 Discussion
2.1 S-BCH design open issues
2.1.1 Same SIB with different content on BCH and S-BCH?

In previous RAN2 meetings the possibility to broadcast the same SIB, with different content, on both BCH and S-BCH was discussed. It is already agreed that the same SIB, with the same content, can be broadcasted on both BCH and S-BCH. However in case the same SIB with different content is broadcasted on both BCH and S-BCH UE procedure rules need to be defined how the UE shall store the information. If the SIB content is completely independent, this could be simple. But in case the information would need to be merged in some way, this could be complex. The use cases for which this could be applied are perhaps limited, i.e. this should typically not apply to any SIB. In the particular case of extended inter-frequency neighbour cell information it is preferred to introduce a new SIB (that can broadcast up to 48 neighbours):
Proposal 1: The same SIB, with different content, cannot be scheduled on BCH and S-BCH simultaneously.
2.1.2 SB3 on BCH?

In RAN2#85bis it was discussed whether SB3 could be broadcasted on the BCH. However the BCH already provides the ability to include scheduling information in MIB, SB1 and SB2. Furthermore the BCH capacity is limited, and thus the amount of system information on BCH as well. The scheduling information opportunities in MIB, SB1 and SB2 is expected to be sufficient for the BCH i.e. no need to broadcast SB3 on BCH:
Proposal 2: SB3 cannot be broadcasted on BCH.

2.1.3 S-BCH channelization code configuration

RAN1 agreed that the channelization code should be configurable, but left the configuration details to RAN2 to discuss. 

The channelization code should be configurable as networks have different channel code allocations. Even if network vendors have a recommended channel code allocation, operators may have deployed different settings. 

However a full configuration flexibility is also not required, i.e. allocation of code #32 or higher to S-BCH, is not deemed wanted. Therefore it is proposed introduce signalling for SF256 codes in the range #2-33, which can be accomplished with 5 bits of signalling: 
Proposal 3: The S-BCH S-CCPCH channelization code shall be configurable in the range of channelization code numbers 2-33 (5-bits).

For a detailed discussion on background and motivation the reader is referred to Appendix A.

2.1.4 Scheduling information for SB3

It has been proposed to include limited scheduling information for SB3 in the MIB, i.e. only include the SB3 repetition period in the MIB [1]. The MIB is broadcasted with a fixed short interval of 80 ms, i.e. information added to the MIB weighs relatively high on the BCH load. Furthermore this potentially limits the amount of scheduling information that can be added to the MIB for "essential" SIBs that should be acquired as quickly as possible. The legacy scheduling information including SEG_COUNT, SIB_REP, SIB_POS, and SIB_OFF considerable amount of bits:
Proposal 4: Include limited scheduling information for SIB3 in MIB.
In the following it is explained in more details how the SB3 scheduling could be realized. 
To reduce the SI acquisition latency on S-BCH it is proposed to broadcast SB3 following the MIB at a fixed offset of 40 ms (two frames). This allows for an S-BCH configuration latency of 40 ms. After the UE has configured the S-BCH physical channel, the UE needs to acquire the S-BCH scheduling information in SB3 to be able to read the system information on S-BCH:
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Figure 2: S-BCH scheduling information.
Proposal 4a: SB3 is broadcasted on S-BCH following the MIB with a pre-defined offset

Proposal 4b: The S-BCH configuration latency requirement is 40 ms.

Proposal 4c: The SB3 scheduling interval is configurable and indicated in the MIB.

Proposal 4d: The SB3 scheduling interval can be {160, 320, 640, 1280} ms. 

2.1.5 SB3 value tag range
During RAN2#85bis the value tag range for SB3 was discussed. As a reference it is noted that the MIB value tag range is 1..8 (IE "MIB value tag"), while the legacy SIB/SB1/SB2 value tag range is 1..4 (IE "Cell Value tag"). The system information on the S-BCH may need to be updated frequently, i.e. this possibility cannot be excluded at this point in time, i.e. it is proposed that the SB3 value tag range is using the extended value tag range discussed later in this contribution:

Proposal 5: The SB3 value tag range uses the new REL-12 SIB value tag range extension.

2.1.6  BCH modification time for S-BCH
It was agreed to introduce an SB3 value tag in PAGING TYPE 1 (PT1) and SYSTEM INFORMATION CHANGE INDICATION (SICI) message to indicate a change in system information on S-BCH. The existing IE "BCCH modification info" in PT1 and SICI includes IE "MIB Value tag", but also IE "BCCH modification time". The latter IE allows the NW to notify the UEs prior to the SIB change", i.e. the UE re-acquires the system information at the indicated SFN. Such synchronisation may be needed when a change in system information influences the ability of the UE to access the system (e.g. use of common channels). No specific use case for such feature is foreseen for the S-BCH, and to keep the complexity low, it is proposed to omit this option for the S-BCH:
Proposal 6: The option for synchronized change of S-BCH is not needed, i.e. IE "BCCH modification time" is not introduced for S-BCH

2.1.7 System information change when HS in CELL_FACH is used

Currently, when HS in CELL_FACH is used, and the system information is changed, the UE is notified by means of SYSTEM INFORMATION CHANGE INDICATION message using BCCH-specific HRNTI broadcasted in SIB5/5bis. It is proposed to re-use this mechanism when there is a change on the S-BCH and increment the SB3 value tag included in SYSTEM INFORMATION CHANGE INDICATION message:

Proposal 7: The BCCH-specific HRNTI is re-used in CELL_FACH to notify the UEs about a system information change on S-BCH. 

2.2 SIB value tag range extension

In RAN2#85bis a potential solution to the SIB value tag wrap around problem was discussed [8], i.e. possibility to extend the SIB value tag range (the current SIB value tag range, i.e. IE "Cell value tag", is 1..4). Such solution may be desirable not only for SIB3, but also for other SIBs that are updated frequently, e.g. SIB5. In case an extended SIB value tag range is introduced in REL-12, this extended range would only apply to REL-12 UEs, and this would not affect legacy UEs. In other words, REL-12 UE "wrap-around" less often compared to legacy UEs, i.e. the extended SIB value tag bits indicate the least significant bits of the extended range. It can be discussed further what the new SIB value tag range should be. In case the SIB value tag range is extended beyond 8, then also the MIB value tag range (IE "MIB value tag" is 1..8) needs to be extended.
Proposal 8: Introduce IE "Cell value tag extended" in REL-12, which indicates an extended SIB value tag range. 
Proposal 9 (option 1): The extended SIB value tag range is 1..8.

Proposal 9 (option 2): The extended SIB value tag range is 1..16. The MIB value tag range is extended to 16 as well. 

Proposal 10: A REL-12 UE shall be able to handle IE "Cell value tag extended". 

Proposal 11: The IE "Cell value tag extended" may apply to any SIB/SB, i.e. the scope is similar to IE "Cell value tag". 
3 Summary

RAN2 is kindly asked to discuss if the procedure text requires further clarification: 

Proposal 1: The same SIB, with different content, cannot be scheduled on BCH and S-BCH simultaneously.

Proposal 2: SB3 cannot be broadcasted on BCH.

Proposal 3: The S-BCH S-CCPCH channelization code shall be configurable in the range of channelization code numbers 2-33 (5-bits).

Proposal 4: Include limited scheduling information for SIB3 in MIB.

Proposal 4a: SB3 is broadcasted on S-BCH following the MIB with a pre-defined offset

Proposal 4b: The S-BCH configuration latency requirement is 40 ms.

Proposal 4c: The SB3 scheduling interval is configurable and indicated in the MIB.

Proposal 4d: The SB3 scheduling interval can be {160, 320, 640, 1280} ms. 

Proposal 5: The SB3 value tag range uses the new REL-12 SIB value tag range.

Proposal 6: The option for synchronized change of S-BCH is not needed, i.e. IE "BCCH modification time" is not introduced for S-BCH

Proposal 7: The BCCH-specific HRNTI is re-used in CELL_FACH to notify the UEs about a system information change on S-BCH. 

Proposal 8: Introduce IE "Cell value tag extended" in REL-12, which indicates an extended SIB value tag range. 

Proposal 9 (option 1): The extended SIB value tag range is 1..8.

Proposal 9 (option 2): The extended SIB value tag range is 1..16. The MIB value tag range is extended to 16 as well. 

Proposal 10: A REL-12 UE shall be able to handle IE "Cell value tag extended". 

Proposal 11: The IE "Cell value tag extended" may apply to any SIB/SB, i.e. the scope is similar to IE "Cell value tag". 
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5 Appendix A: S-BCH channelization code configuration
5.1 Summary of RAN1 discussion

Since any flexibility in S-BCH configuration results in further signalling needs on the BCH, it is important to try to fix as many S-BCH parameters as possible. RAN1 was able to fix most physical layer parameters [7], but left the actual channelization code number for the S-CCPCH carrying S-BCH configurable. The reason is that different network vendors use different common channel code allocations, and nobody is willing to change their existing allocations, both because of the implementation effort and the interoperability risks of changing legacy behaviour. It was further noted that even for a specific vendor there exist flexibility and different code allocations, depending on what features that are activated and number of e.g. HS-SCCHs, E-AGCHs etc. Hence, it was agreed that the channelization code should be configurable to some extent.

5.2 Assumptions

Typical common channels deployed in current networks include:

· P-CPICH SF256 (hard-coded code #0)

· P-CCPCH SF256 (hard-coded code #1)

· AICH SF256

· PICH SF256

· S-CCPCH for FACH SF64

· S-CCPCH for PCH SF128

· S-CCPCH for FACH/PCH SF64 (alternative to above two codes)

· HS-SCCH SF128 (possibly multiple codes)

· E-AGCH SF256 (possibly multiple codes)

· E-RGCH/E-HICH SF128 (possibly multiple codes)

Other downlink common channels also exist, like S-CPICH, D-CPICH, E-ROCH and MICH but are assumed to be less common in today’s deployments. For simplicity they are left out of the analysis in the following.

It is assumed that most vendors use the strategy of trying to pack the CCHs towards as low channelization code numbers as possible, to leave as many HS-PDSCH codes as possible free (located at SF16 codes number X,X+1, …, 15). We also assume that Rel-99 code allocation is typically done in lower code numbers than HS- and EUL-related codes.

It is further assumed that the vast majority of DL channelization codes other than the CCHs and HS-PDSCHs today are SF256 or SF128. Other SFs may exist (e.g. for Interactive on DCH) but are not very common and are expected to disappear completely as HSDPA capability becomes ubiquitous.

5.3 Objectives

In [10], it was suggested to signal a channelization code number for the S-BCH S-CCPCH in the range 2-31 (5 bits of signalling). It is not expected that full flexibility over all the 256 codes is needed and this range would be sufficient since collecting all common channels in the same end of the code tree as the hard coded P-CPICH and P-CCPCH codes makes sense. If the S-CCPCH was allocated to channelization code numbers 32 and higher, this would limit the number of available HS-PDSCH codes to 13 or less.

The question at hand is if there are any further limitations in flexibility that can be made to save signalling bits, and if introducing this signalling optimization is worth the loss in flexibility.

We can formulate a number of objectives for the configuration flexibility of the S-BCH S-CCPCH:

· Avoid moving around existing CCHs

· Provide possibility of configuring S-BCH while maintaining possibility of sending 15 HS-PDSCHs

· Optimize for flexible placement when max 14 HS-PDSCHs are in use

· Try to minimize number of bits needed for signalling the channelization code, while still maintaining good enough flexibility

5.4 Typical CCH configurations and consequences

In the following some example configurations are listed.

Example 1: Separate S-CCPCHs for FACH and PCH, minimum HS/EUL configuration
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In the following some example configurations are listed.
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In this case, free SF256 codes that might be used for S-BCH S-CCPCH include #13, #16-31.
Example 2: Common S-CCPCH for FACH and PCH, minimum HS/EUL configuration
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Example 2: Common S-CCPCH for FACH and PCH, minimum HS/EUL configuration
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In this case, free SF256 codes that might|be used for S-BCH S-CCPCH include #11, #14-31.

Example 3: Common S-CCPCH for FACH and PCH, large HS/EUL configuration





In this case, free SF256 codes that might be used for S-BCH S-CCPCH include #11, #14-31.

Example 3: Common S-CCPCH for FACH and PCH, large HS/EUL configuration
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In this case, free SF256 codes that might be used for S-BCH S-CCPCH include #11, #14-31.

Example 3: Common S-CCPCH for FACH and PCH, large HS/EUL configuration
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In this case, free SF256 codes that might be used for S-BCH S-CCPCH include #24-31. What is to be considered a “large EUL/HS” configuration is rather vendor specific, however, it is clear that quite a few codes at SF256 are occupied, and that free codes are rather to the right in the SF16 #1 sub-tree rather than to the left in it.

As can be seen from the examples, it is unlikely that a vendor would like to place the S-BCH S-CCPCH on a channelization code number lower than #11, since that space is likely already used for other purposes. It seems useful to have some flexibility in the region #11-15.

For configurations where it is not possible to fit the S-BCH S-CCPCH in the SF16 #0 sub-tree, it does not matter much where in the SF16 #1 sub-tree the code is allocated, since any code within that sub-tree will compromise the usage of the SF16 #1 for use as HS-PDSCH. The key point seems to be to never allocate the S-BCH S-CCPCH on codes higher than #31, since then you compromise yet another SF16 HS-PDSCH code, and there should really be room for all necessary control channels in the SF16 #0-1 sub-trees, even for large EUL/HS configurations. As most commonly used dedicated channels would use SF256 and SF128 today, no large benefit seems to exist in being able to squeeze the S-BCH towards the lower edge of the SF16 #1 sub-tree, since the other dedicated channels will efficiently plug any holes in the code allocation and there will be no code tree fragmentation loss. Hence, it seems reasonable to include codes SF256 #30-31 at the upper end of the SF16 #1 sub-tree as allocation candidates for S-BCH S-CCPCH.

With the above reasoning for #11-15 + #30-31 we arrive at a total of 7 alternatives, or three bits of signaling. To end up at a most efficient usage of the three bits, we can add in also code #16 to extend the first range and provide some possibility of placing the S-BCH S-CCPCH at the lower edge of the SF16 #1 sub-tree.

Observation: If there is a need to restrict signaling of the SF256 channelization code number for S-BCH S-CCPCH to a smaller range than codes #2-31 (5 bits), the set of codes #11,12,13,14,15,16,30,31 (3 bits) seems to offer reasonable configuration flexibility.
5.5 Conclusion

The most straightforward approach for configuration flexibility for the S-BCH S-CCPCH channelization code would be to allow all SF256 codes in the range #2-31, which would require 5 bits of signaling. There seems to be no point in offering possibilities of assigning codes at #32 or higher for this purpose, since this will compromise HS-PDSCH code availability unnecessarily much.

A more restricted flexibility could lead to 3 bits of signaling. Trying to reduce the flexibility even further seems to be dangerous, as it will then be difficult to achieve the objectives of providing possibilities of not touching existing common channels or enabling 15 HS-PDSCH code operation. Hence, the 3 bit signaling should be seen as a lower limit of acceptable flexibility.

In our opinion, the benefit in terms of signaling overhead reduction going from 5 bits to 3 bits of signaling does not motivate the loss in flexibility such a scheme would lead to.

Proposal: The S-BCH S-CCPCH channelization code shall be configurable in the range of channelization code numbers 2-31.
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