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1 Background
The REL-12 work item "Enhanced Broadcast of System Information" was agreed in RAN#62 [1]. In this contribution different L23 options for a second broadcast channel are presented and evaluated. The second broadcast channel is referred to as BCH2 in this contribution. 
As a working assumption it is assumed that the second broadcast channel is mapped on S-CCPCH as proposed in RAN1 contribution [2]. 
2 Discussion

To minimize the total SI acquisition latency and power consumption it is important that the UE can read system information from BCH and BCH2 simultaneously. Sequential reading of BCH and BCH2 would introduce too long acquisition latency, and increase power consumption. To reduce complexity and minimize the UE impact the use of S-CCPCH for BCH2 is considered the simplest solution (compared to the use of HS-PDSCH). However the physical channel evaluation and selection is left to RAN1 working group [2]. In this contribution, as a working assumption, it is assumed that the BCH2 is mapped onto S-CCPCH, and the following channel mapping is assumed:
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Figure 1: Proposed channel mapping for BCH2 (assuming the use of S-CCPCH).

A legacy UE is required to support two S-CCPCHs, i.e. typically the paging channel and FACH channel carrying CTCH (i.e. CBS) are mapped onto two different S-CCPCHs (see Appendix A "TS 25.302 mandatory physical channel combinations" and Appendix B "TS 34.108 conformance testing SCCPCH" for further details). Furthermore a legacy UE with "basic service capabilities" may skip receiving CTCH during paging occasions, when the paging channel and CTCH are mapped onto different S-CCPCHs (see Appendix C "TS 25.304 Simultaneous reception of paging and CBS"). This exception applies to Idle, CELL_PCH and URA_PCH.
It is expected that most UEs introduced in the field nowadays do not have this R99 "basic service capability" limitation, i.e. new UEs support two S-CCPCHs simultaneously. Therefore it is considered a reasonable requirement that a REL-12 UE shall support two S-CCPCHs simultaneously. Such requirement is expected to have little to no impact on the UE. But this requirement does not completely solve the channel mapping proposed in figure 1. The paging, FACH/CTCH and BCH2 channel would be mapped onto three different S-CCPCHs for the UE in Idle and PCH state. Therefore it is proposed that a REL-12 UE may skip reading BCH2 during CTCH occasions. This enables the introduction of a second broadcast channel while maintaining the UE requirement to support (only) two S-CCPCHs simultaneously (i.e. limit the UE impact). It is noted that paging occasions are scheduled with a power of 2, while CTCH occasions do not have this requirement ("Period of CTCH allocation (N)" values from [1..256] radio frames). Thus consecutive collisions between paging occasions and CTCH occasions can be avoided by network configuration. Furthermore the BCH2 reception is not assumed to be interrupted frequently by CTCH, i.e. the impact on BCH2 reading latency is limited. 
Proposal 1a: A REL-12 UE shall be able to monitor two S-CCPCHs simultaneously.

Proposal 1b: A REL-12 UE shall be able to read BCH2 mapped onto a different S-CCPCH than PCH and FACH/CTCH. 

Proposal 1c: A REL-12 UE may skip reading BCH2 during CTCH occasions in Idle mode and CELL_PCH/URA_PCH state. 

In CELL_FACH state, when HS-DSCH is used, the UE is not required to receive S-CCPCH. The HS FACH is used instead of legacy FACH on S-CCPCH and the UE is not required to receive CTCH/CBS in CELL_FACH. To enable BCH2 reception in CELL_FACH when HS-DSCH is used, the UE should be able to receive the BCH2 on S-CCPCH: 
Proposal 2: A REL-12 UE shall be able to receive S-CCPCH in CELL_FACH when HS-DSCH is used. 

The BCH2 is an optional channel, i.e. the BCH2 may not be used when there is no capacity problem on the legacy BCH. To learn quickly about the presence of BCH2, and limit the total SI acquisition latency, it is proposed to introduce an indicator in the MIB on the legacy BCH (broadcasted every 80 ms) to indicate the presence of the BCH2:
Proposal 3: Introduce an indicator in the MIB of the legacy BCH to indicate the presence of a second broadcast channel.

After the UE has established the presence of BCH2, the UE first needs to configure the BCH2 physical channel, acquire the BCH2 scheduling information, and read the required system information on BCH2. This can be achieved in different ways. Possible solutions generally differ whether the information is pre-defined (i.e. fixed in the specification), or configurable (i.e. signalled by means of information broadcasted on either BCH or BCH2). Pre-defined options are generally less complex and require less signalling overhead, but they may go at the expense of flexibility and power consumption. It is noted as a comparison that the legacy BCH channel parameters are fixed, and the position to find the MIB to start reading the legacy BCH is pre-defined. 
For the BCH2 channel parameters, similar as for the legacy BCH channel parameters, it is preferred to have fixed parameter values in general (e.g. spreading factor, channelization code, slot format, transport block size, TTI, coding, code rate, CRC size). Because this avoids reading the BCH2 configuration info, and avoids the signalling overhead caused by BCH2 configuration info. However details of the (physical) channel parameters are left for RAN1 discussion and evaluation.  

Proposal 4: The BCH2 channel parameter values are left for RAN1 discussions.
In the following it is assumed that (most) of the BCH2 channel parameters are fixed, and that after acquisition of the MIB, and determination of the presence of BCH2, the UE can configure the BCH2 channel. 

After the UE has configured the BCH2 channel the UE needs to acquire the BCH2 scheduling information to be able to read the system information on BCH2. To reduce the SI acquisition latency it is proposed to broadcast the BCH2 scheduling information following the MIB at a fixed offset of 40 ms (two frames). This allows for a BCH2 configuration latency of 40 ms. To retain some flexibility for the NW to schedule the BCH2 scheduling information, and to limit the scheduling overhead, it is proposed to introduce a 2-bit indicator in the MIB, that specifies the repetition period of the BCH2 scheduling info in number of MIB intervals of 80 ms. This allows the NW to configure a BCH2 scheduling information interval of {80, 160, 320, 640} ms: 
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Figure 2: BCH2 scheduling information.
Proposal 5a: The BCH2 scheduling information is broadcasted following the MIB with a pre-defined offset. 

Proposal 5b: The BCH2 scheduling interval is configurable and indicated in the MIB (in which case it serves as the BCH2 presence indicator).

Proposal 5c: The BCH2 scheduling interval can be {80, 160, 320, 640} ms.
Proposal 5d: The minimum BCH2 configuration latency is 40 ms.
To minimize the UE and NW impact, and retain the scheduling flexibility, it is proposed to re-use the existing SIB scheduling options. However from the BCH load calculations performed during the study item phase it can be noted that the scheduling information frequently broadcasted in MIB and/or SB1 and SB2 takes a relatively large part of the BCH capacity. It is prosed to evaluate options to reduce the scheduling overhead in REL-12, but to retain the network scheduling flexibility, and minimize the UE power consumption. These scheduling overhead optimizations could potentially be used for both BCH and BCH2:
Proposal 6: Evaluate options to reduce the scheduling overhead of REL-12 system information, but to retain the network scheduling flexibility, and minimize the UE power consumption. 
In the study item phase (TR 25.704) it was observed that the scheduling information contained in MIB and/or scheduling blocks have a relatively high impact on the BCH load. This is because the information is frequently broadcasted, and it involves a (relatively) large number of bits. The scheduling information per SIB type includes:
Scheduling info:

SEG_COUNT (4 bits)
: only needed when SIB is segmented into multiple segments (default 1) 
SIB_REP (4 bits)
: mandatory for each SIB
SIB_POS (11 bits)
: only for first segment

SIB_OFF (4 bits)
: only for subsequent segments (if SIB is segmented)

Furthermore there are four segment types (first, subsequent, last or complete segment). Each segment contains the SIB type. A first segment contains a SEG_COUNT. A subsequent and last segment contains a Segment Index (4 bits). 
Especially the scheduling information for large SIBs that need to be segmented into multiple segments introduces some scheduling overhead (SEG_COUNT, SIB_OFF). However the segment offset (SIB_OFF) information is needed to retain scheduling flexibility for the network (mixing different repetition periods), and to allow power efficient system information reading in the UE. However the SEG_COUNT in the scheduling info seems to be redundant, as this information is implicitly included when the scheduling information of the subsequent segments (SIB_POS offset info) is included (i.e. SEG_COUNT = #SIB_OFF + 1). Therefore it is proposed to make SEG_COUNT conditionally present in the scheduling information for REL-12 system information:
Proposal 7: The SEG_COUNT is not needed when "SIB_POS offset info" is included for REL-12 system information.

For the legacy BCH the UE is required to receive all segments of a SIB consecutive in good order to receive the complete SIB (see section 8.1.1.1.4 in TS 25.331):

The UE shall discard system information blocks of which segments were missing, of which segments were received out of sequence and/or for which duplicate segments were received. The only valid sequence is an ascending one with the sequence starting with the First Segment of the associated System Information Block.

This may pose problems for the UE to receive large SIBs consisting of many segments in case there are reception failures. It is proposed to relax this restriction, and allow the UE to store segments it has received successfully to receive the complete SIB in the next repetition period:

Proposal 8: The UE is allowed to re-use received segments of a SIB in the next repetition period when the UE did not receive a system information change (or the timer for that SIB did not expire in case of timer based SIB).
3 Summary

RAN2 is kindly asked to discuss L23 options for the second broadcast channel:
Proposal 1a: A REL-12 UE shall be able to monitor two S-CCPCHs simultaneously.

Proposal 1b: A REL-12 UE shall be able to read BCH2 mapped onto a different S-CCPCH than PCH and FACH/CTCH. 

Proposal 1c: A REL-12 UE may skip reading BCH2 during CTCH occasions in Idle mode and CELL_PCH/URA_PCH state. 

Proposal 2: A REL-12 UE shall be able to receive S-CCPCH in CELL_FACH when HS-DSCH is used. 

Proposal 3: Introduce an indicator in the MIB of the legacy BCH to indicate the presence of a second broadcast channel.

Proposal 4: The BCH2 channel parameter values are left for RAN1 discussions.

Proposal 5a: The BCH2 scheduling information is broadcasted following the MIB with a pre-defined offset. 

Proposal 5b: The BCH2 scheduling interval is configurable and indicated in the MIB (in which case it serves as the BCH2 presence indicator).

Proposal 5c: The BCH2 scheduling interval can be {80, 160, 320, 640} ms.

Proposal 5d: The minimum BCH2 configuration latency is 40 ms.

Proposal 6: Evaluate options to reduce the scheduling overhead of REL-12 system information, but to retain the network scheduling flexibility, and minimize the UE power consumption. 

Proposal 7: The SEG_COUNT is not needed when "SIB_POS offset info" is included for REL-12 system information.

Proposal 8: The UE is allowed to re-use received segments of a SIB in the next repetition period when the UE did not receive a system information change (or the timer for that SIB did not expire in case of timer based SIB).
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5 Appendix A: TS 25.302 mandatory physical channel combinations
Excerpt from TS 25.302 V6.0.0.

5.1 FDD Downlink

The table describes the possible combinations of FDD physical channels that can be supported in the downlink on the same frequency by one UE simultaneously.

Table 2: FDD Downlink

	
	Physical Channel Combination
	Transport Channel Combination
	Mandatory dependent on UE radio access capabilities
	Comment

	1
	PCCPCH
	BCH
	Mandatory
	

	2
	SCCPCH
	One or more FACH

Or

PCH

Or

one or more FACH + PCH
	Mandatory
	The maximum channel bit rate that can be supported is dependent on the UE radio access capabilities.

The PCH is included when the UE needs to receive paging on the SCCPCH.

The reception of (one or more FACH + PCH) is to enable the reception of broadcast services on the CTCH, mapped to one of the FACH.

	3
	PCCPCH + SCCPCH
	BCH + (one or more FACH or PCH or (one or more FACH + PCH))
	Mandatory
	Simultaneous reception of PCCPCH and SCCPCH is only needed at occurrences when the UE needs to read system information on BCH while being in CELL_FACH state, i.e. continuous reception of both PCCPCH and SCCPCH at the same time is not required. The requirement holds for PCCPCH and SCCPCH sent in different cells or in the same cell.
The PCH is included when the UE needs to receive paging on the SCCPCH.

The reception of (one or more FACH + PCH) is to enable the reception of broadcast services on the CTCH, mapped to one of the FACH.

	4
	SCCPCH + AICH
	(One or more FACH or PCH or (one or more FACH + PCH))+ RACH in uplink

Or

(one or more FACH or PCH or (one or more FACH + PCH))+ CPCH in uplink
	Mandatory
	The maximum channel bit rate that can be supported is dependent on the UE radio access capabilities.

The PCH is included when the UE needs to receive paging on the SCCPCH.

The reception of (one or more FACH + PCH) is to enable the reception of broadcast services on the CTCH, mapped to one of the FACH.
This physical channel combination facilitates the preamble portion of the CPCH in the uplink


6 Appendix B: TS 34.108 conformance testing SCCPCH
Excerpt from 3GPP TS 34.108 V6.0.0.

6
Reference system configurations

…

6.1.1
SCCPCH configuration with Stand-alone SRB for PCCH in the first SCCPCH and Interactive/Background 32 kbps PS RAB + SRBs for CCCH/DCCH/BCCH in the second SCCPCH 79
6.1.2
SCCPCH configuration with Stand-alone SRB for PCCH in the first SCCPCH, RB for CTCH + SRBs for CCCH/BCCH in the second SCCPCH and Interactive/Background 32 kbps PS RAB + SRBs for CCCH/DCCH/BCCH in the third SCCPCH (FDD only)
87
6.1.3
SCCPCH configuration with Stand-alone SRB for PCCH in the first SCCPCH and Interactive/Background 32 kbps PS RAB + SRBs for CCCH/DCCH/BCCH in the second and third SCCPCHs 91
…

7 Appendix C: TS 25.304 Simultaneous reception of paging and CBS

Excerpt from 3GPP TS 25.304 V6.0.0

7.1 6.2
Cell Broadcast in Idle Mode, CELL_PCH and URA_PCH

A UE supporting Cell Broadcast Service (CBS) shall be capable to receive BMC messages in the Idle mode, in URA_PCH and CELL_PCH. When several PCHs exist in the cell, the FACH which carries the CTCH may be mapped to a different SCCPCH than the PCH selected by the UE for paging in Idle mode (as specified in Sec. 8.1). In this case, UEs with basic service capabilities shall be capable to change from the SCCPCH that carries the PCH selected for paging to another SCCPCH which carries Cell Broadcast messages (i.e. the CTCH mapped to an FACH) and receive BMC messages during time intervals which do not conflict with the UE specific paging occasions.
NOTE:
In case certain BMC messages conflict with the UE specific paging occasions the reception of CBS cannot be guaranteed and depends on UE capabilities.
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