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1 Introduction
In last RAN2 meeting, overhead reduction was briefly discussed based on [1], some comments and concerns were raised, mainly on the redundancy and legacy impacts, this paper tries to have further discussions on these aspects, some suggestions are proposed.
2 Discussion
2.1 Overhead of System Information
The system information elements are broadcast in system information blocks, which may have different characteristics. Scheduling of system information blocks is performed by the RRC layer in UTRAN.
If segmentation is performed, it should be possible to schedule each segment separately, and the scheduling information for each segment is included in the MIB or Scheduling Blocks.
Each segment consists of a header and a data field, where the data field carries the encoded system information elements. 

[image: image5.bmp]The overhead means all the information except the system information elements (data field), which include the scheduling information for every segment (see Table 1 below) and header part of each segment which indicates SIB type, as illustrated in Figure 1 below. 
Figure 1: Illustration of overhead in system information
2.2 Overhead reduction for scheduling information
The scheduling information of each segment broadcast on a BCH transport channel is defined by the following parameters:
Table 1. Content of scheduling information
	Scheduling
	MP
	
	
	

	>SEG_COUNT
	MD
	
	SEG COUNT 10.3.8.17
	Default value is 1

	>SIB_REP
	MP
	
	Integer (4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096)
	Repetition period for the SIB in frames 

	>SIB_POS
	MP
	
	Integer (0 ..Rep-2 by step of 2)
	Position of the first segment

Rep is the value of the SIB_REP IE

	>SIB_POS offset info
	MD
	1..15
	
	see below for default value

	>>SIB_OFF
	MP
	
	Integer(2..32 by step of 2)
	Offset of subsequent segments


Now we have two proposals on overhead reduction for scheduling information [1] [2].
· Method proposed in [1]: change the presence of the IE SIB_OFF/SIB_REP from MP to MD for new SIBs introduced from Rel-12.
The motivation here is that, it is technically also possible that the offset of the last continuous segments are the same, so the SIB_OFF can be also set to MD, where the default value is the same as the last one with an explicit offset. For every default value, 4bits will be saved. Theoretically the overhead could be saved is from 0 bit to 14*4 bits for a SIB given that the SIB is segmented into 16 blocks with same offset, such method just gives network an option which is purely dependent on network implementation. 

Observation 1: For the method in [1], theoretically the overhead could be saved is from 0 bit to 14*4 bits for a SIB. The limitation for this method is, it only applies to the case where the offset of all the continuous segments till the last one are the same, but it doesn’t introduce any additional cost to UE or network side. 
· Method proposed in [2]: the SEG_COUNT is not needed when "SIB_POS offset info" is included.
The motivation here is that, UE could deduce how many segments for this SIB block if SIB_POS offset info is set, and the overhead could be saved is 4 bits given that this SIB is to be segmented.
Observation 2: For the method in [2], the overhead could be saved is 4 bits given that this SIB is to be segmented.
Obviously, as proposed in [1] and [2], the two methods here can be applied together but only for new SIBs introduced from Rel-12. For legacy UE, it is not needed to interpret the scheduling information of new SIBs. So it will not be impacted.
Observation 3: Two methods can be applied together but only for new SIBs introduced from Rel-12.
Taking the analysis above into consideration, we could have the following proposals:
Proposal1: it is proposed to RAN2 to discuss the following two methods of overhead reduction to scheduling information for new SIBs introduced from Rel-12:

· change the presence of the IE SIB_OFF/SIB_REP from MP to MD for new SIBs
· the SEG_COUNT is not needed when "SIB_POS offset info" is included
2.3 Overhead reduction for header field
There exist four different segment types which include First, Subsequent, Last segment and Complete.
Each segment consists of a header field and a data field. The header field contains the following parameters:
-
SIB type (5bits). The SIB type uniquely identifies the master information block, scheduling block or a system information block.

-
The number of segments in the system information blocks (SEG_COUNT, 4bits). This parameter is only included in the header if the segment type is "First segment". 
-
Segment index (4 bits). This parameter is only included in the header if the segment type is "Subsequent segment" or "Last segment".

· SIB type Reduction
Now SIB type is 5bits in the header field and it shall be included in every segment. For a SIB with 16 segments, the SIB type will be 80bits, while a whole system information block can contain at most 226bits system information elements.
When new SIB is introduced, the reduced SIB type can be introduced and included in the header part, while the scheduling info should give the mapping between SIB type and reduced SIB type. Based on the mapping, the UE can deduce the SIB type from the received reduced SIB type.
For example, the network can assign reduced SIB type for the new SIB containing extended NCL (if NCL extension is agreed) introduced in Rel-12, if this new SIB is segmented with 16 segments, with 2 bits in reduced SIB type, there will be 48bits saved.


[image: image1.emf]Reduced SIB 

type = 00

Data field for 

Segment 1

SEG_COUNT 

= 1111

Reduced SIB 

type = 00

Data field for 

Segment 2

SEG index = 

0001

Reduced SIB 

type = 00

Data field for 

Segment 3

SEG index = 

0010

SIB type x = 

10111

Reduced SIB 

type y = 00

Scheduling 

information

Reduced SIB 

type = 00

Data field for 

Segment 16

SEG index = 

1110

.

 

.

 

.


Figure 2: Illustration of transmission with reduced SIB type of SIB23
Proposal 2: It is proposed RAN2 to agree to introduce reduced SIB type. The reduced SIB type is included type in the header field of every segments, the mapping between SIB type and reduced SIB type is included in the scheduling information of the SIB.
· SEG_COUNT/segment index reduction
For every segment, the UE can get the specific position of every segment from the scheduling info included in the MIB or SB. SEG_COUNT and segment index are also used to identify the sequence of every segment, which should be consistent with the scheduling info.

Figure 3: Scheduling of each segment
As could be seen from Figure 3 above, the position of the first segment is scheduled by “SIB_POS”, and SEG_COUNT is redundant in the first segment which is 4 bits; further, the subsequent and last segment can be scheduled according to the SIB_POS offset info in which UE could deduce which segment the received one is, i.e. segment index in the subsequent segment and last segment is also redundant which is 4 bits, the total number of saved bits is X*4 bits, where X is the number of segments. 

In summary, for the new SIB to be introduced, the SEG_COUNT/segment index can be removed from the header field of every segment, the UE can identify every segment with scheduling info and it is the RRC to check whether the reception sequence is correct.
Proposal 3: It is proposed RAN2 to discuss and agree to remove the SEG_COUTN/segment index from the header field of every segment.
Considering robustness, we can further introduce a bit for parity check or to indicate the first segment/last segment. The receiving side can check the reception sequence from the indicator. In this case, 3bits can be saved for every segment. Figure 4 shows the structure in detail. In the figure, parity check is included. 
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Figure 4: Illustration of transmission with parity bit
For backward compatibility, the reduced header field can only be used for new SIBs introduced from Rel-12, or the reduced header field can be used for SIBs broadcast on the second BCH. The UE can know whether reduced header field is in used through scheduling information in scheduling blocks or through the release of the new SIB. For legacy UE, original header filed still works.
Based on the analysis above, it can be seen that the header field reduction can expand the BCH capacity without changing current SIB sending scheme. It is proposed that
Proposal3bis: It is proposed RAN2 to discuss whether to introduce parity bit in the header field of a segment if SEG_COUTN/segment index is removed.
It should be noted that the proposed mechanisms for overhead reduction are technically independent and could also be worked together.
3 Conclusion
In this contribution, we give some overhead reduction scheme to expand the BCH capacity. So it is proposed that:
Proposal1: it is proposed to RAN2 to discuss the following two methods of overhead reduction to scheduling information for new SIBs introduced from Rel-12:

· change the presence of the IE SIB_OFF/SIB_REP from MP to MD for new SIBs

· the SEG_COUNT is not needed when "SIB_POS offset info" is included
Proposal 2: It is proposed RAN2 to agree to introduce reduced SIB type. The reduced SIB type is included type in the header field of every segments, the mapping between SIB type and reduced SIB type is included in the scheduling information of the SIB.

Proposal 3: It is proposed RAN2 to discuss and agree to remove the SEG_COUTN/segment index from the header field of every segment.
Proposal3bis: It is proposed RAN2 to discuss whether to introduce parity bit in the header field of a segment if SEG_COUTN/segment index is removed.
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