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1. Introduction
In previous RAN2#89bis meeting, the following was agreed with regard to SIB repetition:
	· As baseline the UE accumulates SI messages from a single extended SI window (legacy behaviour). Can evaluate whether acquisition of SI messages across multiple SI window (interleaved) and interleaved SI messages decoding is feasible. 
· The transmission occasions within a SI Window are provided in SIB1.


In this paper we study further and compare both approaches of SIB transmission methods, i.e., combining SI messages from a single SI window and combining SI messages across multiple SI-windows.
2. Discussion
In addition to the above agreement, in the previous RAN2#89bis meeting, LS[1] with regard to SIB evaluation was received from RAN1. RAN1 indicated that the required number of SIB transmission with “discontinuous” repetition is smaller than that of “continuous repetition”, such that the two repetition approaches resulted into a trade-off between SIB acquisition time and overhead. Furthermore it is understood that “discontinuous” repetition requires several subframes (ms) separation between one SIB repetition and another in order to achieve frequency/time diversity gain. 

Taking into account RAN1 and RAN2 agreement on SIB repetition and transmission method, this section compares the following three approaches:


Approach 1a: Soft combining of SI message in one extended SI window with continuous repetition


Approach 1b: Soft combining of SI message in one extended SI window with discontinuous repetition


Approach 2: Soft combining of SI message in multiple SI windows
The behaviour in each approach is explained as follows:

Approach 1a: Soft combining of SI message repetition in one extended SI window with continuous repetition 
· SI-window concept is adopted.

· For a given SI message, SI message is repeated in every subframe within an (extended) SI-window
· SI message (per SI-window) is scheduled with a periodicity extSI-periodicity
· The UE can only performed soft-combining of SI messages within an SI-window

· The following information is provided in SIB1: scheduling resource info (time-frequency resources, MCS, TBS, etc.), the extended SI-window length, SI-periodicity
Approach 1b: Soft combining of SI message repetitions in one extended SI window with discontinuous repetition

The characteristics/ behaviour of this approach are similar to that of approach 1a, with a difference of discontinuous repetition. To realize discontinuous repetition, in addition to the information mentioned above, information of the transmission occasion within SI-window (i.e., SI-repetition-interval) is also included. 

Approach 2: Soft combining of SI message in multiple (interleaved) SI windows
· Similar with the above two approaches; SI-window and SI periodicity concept are adopted. However, to realise the discontinuous repetition, the SI-window length SI message periodicity are significantly smaller
· The UE can perform soft-combining of SI message across multiple interleaved SI-windows. The number of interleaved SI window necessary to be combined is indicated in SIB1. UE cannot decode different interleaved SI message if the previous SI message reception (repetition) has not finished yet.
· The necessary scheduling information is the same as that of approach 1a

The above approach 1a, 1b and 2 are illustrated in the following figure 1, 2 and 3, respectively.  
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Fig.1: Approach 1a: Combining in one SI-window with “Continuous Repetition”

Fig.2: Approach 1b: Combining in one SI-window with “Disontinuous Repetition”

Fig.3: Approach 2: Combining in multiple SI-window


The following table compares the three approaches from aspects of time for SIB acquisition, overhead (NW impact) and number of “necessary parameter” and ability to receive interleaved different SI message.

Table 1: SIB repetition approach comparison
	Comparison Aspect
	Approach 1a
	Approach 1b
	Approach 2

	Number of repetition 
	Required number for continuous repetition 
	1/3 of approach 1a (Based on [1]) (
	1/3 of approach 1a (Based on [1]) (

	Time for SIB acquisition
	Faster than approach 1b or approach 2 (
	Longer than approach 1a
(Subframe separation x 1/3 number of repetition of approach 1a)

Note that frequency hopping may help faster acquisition
	Longer than approach 1a
(Subframe separation x 1/3 number of repetition of approach 1a)

Note that frequency hopping may help faster acquisition

	Overhead (NW processing)
	Big
	Small (
	Small (

	Number of necessary parameter (RRC impact)
	Less than approach 1b (
	More than approach 1a or approach 2.

Addition of  SI-repetition-interval.
	Less than approach 1b (

	Ability to receive different SI message between interleaved same SI message
	Able (
	Able (
	Not able


From the above table we can understand that for a given BCCH modification period which are common for all three approaches, the number of repetition of approach 1a is higher (at least 3 times higher) than that of approach 1b or approach 2. Sending more repetitions overhead means higher NW processing requirement and ineffective radio resource usage, and we think that these impacts need to be minimized. In order to allow SIB transmission with less overhead and yet faster SIB acquisition time, discontinues transmission as realised in either approach 1b or approach 2 is beneficial. However, for approach 1b, some enhancements such as frequency hopping and some new definition of parameter for SIB transmission, i.e., SI-repetition-interval, to indicate the discontinue interval within SI-window, are needed. During discussion in the previous meeting, approach 1(including 1a and 1b) is referred as “legacy behaviour” since the combining is performed in one SI window, as specified in today specification. Considering the necessary enhancements, approach 1b cannot be considered as “legacy behaviour” anymore. On the other hand, with enhancement of frequency hopping, approach 2 can also realise faster SIB acquisition timing without the need to add new (SIB) parameter. However, it is a fact that in approach 2, the UE cannot decode new SI message interleaved between the SI windows with the previous SI messages, if the UE has not finished receiving the previous SI messages. This is because it is assumed that similar with legacy UE, LC UE only has one soft buffer for BCCH reception. For MTC purposes we think that this is acceptable. Nonetheless, we think that approach 2 is as feasible as approach 1b for candidate of SIB repetition/acquisition method. 

Considering the above analysis, the following is proposed.
Proposal 1: 
RAN2 to consider approach 2 (combining SI message in multiple SI-window) as SIB repetition/acquisition method for LC/EC UE.

Proposal 2:
If approach 1 (combining SI message in one extended SI window) is adopted, RAN2 should define the necessary specification to allow approach 1b (discontinues repetition in one extended SI window)
3. Summary and Proposal
This paper compared different methods of SIB repetition and acquisition methods, i.e., combining SI messages from a single SI window and combining SI messages across multiple SI-windows. In summary, the following are proposed:
Proposal 1: 
RAN2 to consider approach 2 (i.e., combining SI message in multiple SI-window) as SIB repetition/acquisition method for LC/EC UE.

Proposal 2:
If approach 1 (combining SI message in one extended SI window) is adopted, RAN2 should define the necessary specification (additional parameters) to allow approach 1b “discontinues repetition in one extended SI window”
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Fig.1: Approach 1a: Combining in one SI-window with “Continuous Repetition”


Fig.2: Approach 1b: Combining in one SI-window with “Disontinuous Repetition”


Fig.3: Approach 2: Combining in multiple SI-window



