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1. Introduction
In Rel-13, use of spare bits (10 bits) in MIB is considered for some features. A solution to extend the spare bits has been proposed in the recent meetings but has yet to be treated [1]. Given that the available spare bits are limited and there would be LTE enhancements in future which require using the spare bits in MIB, it is sensible to investigate possible alternatives and decide the best way considering pros and cons. For this purpose, this paper attempts to provide an alternative to increase capacity of MIB spare bits and analyse pros and cons.
NOTE:
This topic is related to some of the on-going Rel-13 works, e.g., eMTC. However, the objective is generic and applicable to all future extensions for LTE. In that sense, it seems appropriate to be handled as one of the TEI13 proposals if time is permitted.
2. Discussion
2.1. Expected use of MIB spare bits in Rel-13
In Rel-13, the following parameters are considered to utilise spare bits in MIB.
· eMTC [2]
· Indication of Low Complexity (LC) UE support (1 bit)
· Transport Block Size of SIB1bis (Bit size is TBD. There is a proposal to use 5 bits [1].)
· Repetition number of SIB1bis within the periodicity of SIB1bis transmission (Bit size is TBD)
· eDRX [3]
· FFS:
Hyper SFN
· NB-IoT? [4]
· The concrete usage has not been identified yet. Nevertheless, it may be identified especially if some commonalities are required for eMTC and NB-IoT.
Although the whole picture of required bits is not so clear, in the worst case, the whole spare bits might be consumed if all potential parameters are included. In that case, functional extension using the MIB spare bits is not possible for the future releases.
2.2. Solution alternative
In addition to the branching approach proposed in [1], another potential solution of increasing the MIB spare bit capacity can be considered as illustrated in Figure 1. In this approach, extension of MIB spare bits is alternated every 40 msec cycle. Spare bits can be utilised for different purposes between the MIB periodicity. Figure 1 shows an example of defining two different spare bit extensions for which 20 spare bits are available in total. Generally speaking, it is possible to define N extensions resulting in 10 x N available spare bits. For each SFN, the applied spare bit extension i (1 ≤ i ≤ N) is derived from i = floor (SFN/4) mod N.
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Figure 1:

Solution of increasing spare bit capacity in MIB
2.3. Pros and cons analysis

Table 1 summarises pros and cons of the branching approach [1] and the proposed alternative in sub-clause 2.2 called spare bit extension alternation.
With regards to the total available bits for extension, the branching approach can provide (10 – 1)! = 45 bits at maximum. The spare bit extension alternation can provide 10 x N bits at maximum depending on the maximum number of bit string extensions, N. It is theoretically possible to provide larger available bits than the branching approach. For instance, defining 5 bit string extension can provide 50 bits available spare bits.
With regards to applicability of different usages, in the branching approach, if the spare bit extension is introduced for different features for which the prefix bit setting is different, these features cannot be used on the same cell simultaneously. In general, it is desirable if the network can accommodate various services on the same cell/frequency. In that sense, it seems restrictive if the use of MIB spare bits is restricted to a specific feature. In contrast, the spare bit extension approach enables to use the available spare bits specified for different features simultaneously.
With regards to the eNB/UE complexity, the branching approach is simpler than the spare bit extension alternation since the meaning of spare bit extension is always fixed. In contrast, the spare bit extension alternation requires changing the meaning of spare bit and the bit setting every 40 ms cycle. Nonetheless, it is noted that there is already a parameter whose value is changed every 40 ms cycle, i.e., systemFrameNumber. 
Table 1:
Pros and cons analysis of two solutions
	
	Branching approach
	Spare bit extension alternation

	Total available bits for extension
	45 bits
	10 x N bits 

	Applicability for different usages
	Not possible
	possible

	eNB/UE complexity
	Simpler
	Complicated


3. Summary and proposal
This paper proposed an alternative to increase capacity of MIB spare bits and analyse pros and cons. In conclusion, the following is proposed.
Proposal:
RAN2 is respectfully asked to discuss potential alternatives (branching approach and spare bit extension alternation) for increasing spare bit capacity in MIB.
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