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1
Introduction
In the last RAN2 meeting several decisions were made regarding system information transmission and scheduling. This contribution aims to clarify further the mechanism of the system information transmission. It discusses some possibly ambiguous points and proposes a clarification on the interpretations. 
2
Discussion
2.1 Changes due to abandoning the SU

The following decisions were done for SU’s – but as the SU does not exist any more we should do a bit rewording. In the following list the decisions are worded again on the SIB level.
1. Concatenation of SIBs within System Information message. This requires special header structure for RRC message. The System Information message is a concatenation of multiple SIBs which are sent at the same SI transmission occasion.
2. SIBs with different periodicity are not multiplexed (=concatenated) in a single TTI. See chapter 2.2. for further discussion on this topic


3. No overlap of SIB (re-)transmissions (i.e. one SIB is completely transmitted before starting transmission of the next SIB) - unless RAN1 comeback with a concern: It seems that time diversity might require overlapping SIB transmissions in order to provide optimized transmission scheme for low BW cells. See chapter 2.3 for details

4.1

Windows per SIB do not overlap. 
4.2

Window size (common for all  SIBs) is configurable. 
4.3

Possible gaps between the windows for each SIB is TBD. It might be that there is no need for signalling window sizes – See chapter 2.5 for details
2.2 Concatenation of SIBs within RRC message

If multiple sibs are concatenated into a System Information Message (SI Message), we need to have a header structure where each SIB ID is identified and SIB’s length in bytes is indicated. Propose that all SIB’s can be concatenated when the size of transport block allows it.
System Information Message: |SIB count|SIBn index|SIBn length|SIBn+1 index|SIBn+1 length|…

Proposal 1: SIM structured generally as proposed. Any SIB’s can be concatenated into a SI Message. Not just SIBs sharing the same repetition period.
2.3 Overlapped SIB retransmissions
The decision in Sevilla (See decision 5. in section 2.1  is not optimal especially for large SIBs, as in Nokia RAN1 contributions it is shown that for 1200 bit SIBs the time diversity is very advantageous for 1.4 MHz BW. 
IIf there is 1ms time diversity (sent in consequtive subframes) 11 retransmissions are needed, but with 20 ms time diversity only 6 repeats are needed. If there is only one HARQ process (i.e no overlaps in SIB retransmissions), then only SIB1 can be transmitted. This is due to that for optimum throughput for SIB1, 3 repeats with 20 ms time diversity between the repeats is needed.  Note that this fills the almost the whole 80 ms transmission period for SIB1. 

If multiple parallel HARQ processes are allowed, then SIB1 can be transmitted as described, but in addition also the other SIB’s can be sent by using parallel transmissions. See [3] and [4] for details.
The problems in PDCCH in narrowband require some solution from RAN1/RAN4. Either more power is needed to PDCCH to match the BLER target of MIB. PDCCH and D-BCH needs to be accessible when the MIB is accessible. Other way is to accept limited coverage for narrow-band cases. The problematic BWs are 5 MHz and less. 
The use of HARQ and soft combining in System Information transmission is dependent on the length of the SIB and how many bits can be transmitted in one subframe. If there is no clear rule defined in RRC specification, we need also dynamic indicator to indicate when HARQ is in use and also indicate amount of HARQ repeats through System Information.  One possible way to indicate soft combining usage for UE is that if HARQ process ID = 7 (111) on PDCCH then soft combining is not in use. Then remaining 7 values can be used to indicate soft combining for 7 possible parallel processes. If there are more SIB’s than this, then there has to be SIB’s in queue and those can be transmitted when earlier SI HARQ processes are ending. Note that we need to have a fixed number as for how many repeats are sent in different BWs –if requirements for soft combining repeats are dependent on the BW.
Table 1 shows simulation results for SIB HARQ retransmission requirements in case of 1.4 MHz BW. Note that these results are preliminary and more exact numbers will be available later. Simulations are based on PDCCH coverage limited case.
	SIB repetition period-length @ 1.4 MHz BW
	HARQ transmission count if sent in consecutive subframes
	HARQ transmission count with 20 ms time diversity for retransmissions

	300 bits
	4
	3

	500 bits
	5
	4

	1200 bits
	11
	6


Table 1: SIB HARQ retransmission count for consecutive subframes and 20 ms time diversity
To configure the scheduler for System Information broadcast, two new parameters should be considered.

1. Amount of SI HARQ retransmissions  -- broadcasted in System Information.

2. Length of time diversity used in System Information transmission. Either a fixed value e.g. 20 ms or broadcasted in SIB1 

Proposal 2: Consider the option to use multiple HARQ processes for SIB transmission to get full benefits of time diversity. Time diversity for HARQ retransmissions could be a fixed number RRC specification or broadcasted in SIB1.
2.4 System Information scheduling in LTE
Following table is a list of proposed SIBs. MIB is not included as it has a dedicated transmission resource, which does not directly relate to the scheduling and transmission of the SIBs or System Information Messages. Except for SIB1, the repetition periods are just examples.
	SIB type
	Description
	Repetition period
	Length

	SIB1 (including SB)
	Cell Access information
	80
	300 bits

	SIB2
	Common and shared channel information
	320
	300

	SIB3
	Cell Reselection Information
	320
	50

	SIB4.1
	LTE intra-frequency
	640
	600

	SIB4.2
	LTE inter-frequency
	640
	600

	SIB4.3
	GERAN
	640
	90

	SIB4.4
	UTRAN
	640
	550


2.4.1 SB structure (included in SIB1)

SB structure at it’s simplest:

Note that with the simple occasion formula for SIBs given as SFN mod SIB-period we end up to send all SIBs scheduled for transmission at points in 80 ms time grid corresponding to the longest repetition period.
Presence bits for SIB4.x’s - 4 bits needed as all 4.x SIBs are optional. 
One possible option could be to predefine transmission period for the SIB’s in the specification. In case no consensus on that can be reached, a structure defining repetition perids is needed. The repetition period for SIBs is defined in the order that they are presented in the standard and based on presence bit the SIB is present in the broadcast.
| sib-count | T2 | T3 | T4.1 | T4.2 | T4.3 | T4.4 |

The RRC specification currently defines that used periods are 160, 320, 640 and 1280 ms. To reduce SB bandwidth, we could either decide that 2560 ms period is never used, and then 2 bits is enough to present the periodicity information.
Or if also 2560 ms period is needed, we could then leave out 160 ms from choices and still be able to use 2 bits to indicate the repetition period.
Proposal 3: SB consists of a structure for presence bits and a structure for repetition periods.   
2.5 Window/gap size for reading System Information 
It is still a bit unclear what transmission window really means. Our understanding is that during transmission windows NW sends a one transmission of each SIBs which is scheduled in the current SFN.  Having an exact number for the transmissions window seems unnecessary as if UE misses one HARQ retransmission, UE would know the retransmission position of that SIB from the length of timer diversity
Proposal 4:  Consider if the window size parameter is necessary to be defined or can we just accept that the mechanism is needed, but no exact parameter would be broadcasted in System Information. 
4
Conclusion

Proposal 1: SIM structured generally as proposed. Any SIB’s can be concatenated into a SI Message. Not just SIBs sharing the same repetition period.
Proposal 2: Consider the option to use multiple HARQ processes for SIB transmission to get full benefits of time diversity. Time diversity for HARQ retransmissions could be a fixed number RRC specification or broadcasted in SIB1.
Proposal 3: SB consists of a structure for presence bits and a structure for repetition periods.   

Proposal 4:  Consider if the window size parameter is necessary to be defined or can we just accept that the mechanism is needed, but no exact parameter would be broadcasted in System Information. 
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