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1 Introduction

During the RAN2#58bis discussions on the transmission of system information, some proposals on scheduling/transmission of the scheduling units have been outlined.
SU-1 has a fixed schedule, it will most likely be semi-static in size and depending on system bandwidth may span over several DL subframes. For the remaining scheduling units, i.e. SU-2 and above, it has been decided to adopt dynamic scheduling. This document further discusses details of dynamic scheduling.

When deciding on the method of scheduling/transmission of scheduling units, there are a number of open issues, the presence of which need to be taken into account:
· The eventual number of specified SIBs is still not fully settled. What are currently specified in V0.1.3 of RRC specification is 5 different SIBs but the number may grow as contents of BCCH become settled.
· It is still not decided whether mapping of SIBs into SUs is static or dynamic. 
· It is still open how often each of the SUs needs to be transmitted (the required transmission period) and to what extent this will be fixed in the standard or semi-statically configured. It should then also be noted that what is, in the end, relevant is the periodicity of each SIB. Thus, assuming a configurable SIB-to-SU mapping, different SUs can have a static periodicity and SIB periodicity can be (semi-statically) adjusted by assigning a given SIB to different SUs, depending on the assumed SIB periodicity requirement. 

· The number of subframes needed to transmit every SU will not only depend on the SU size but also on the available bandwidth as well as the cell size (required link budget).
· And, it is still not decided whether content of different scheduling units can be transmitted within the same TTI

It should be noted that depending on some of the above listed issues, distinctive schemes for system information transmission will have different levels of scheduling and configuration.
2 Outline
Two proposals on how to transmit the dynamic part of the system information have been outlined during the previous meeting. The proposals that have to certain degree, received support during the meeting share some commonalities.
2.1 Partly dynamic scheduling, approach 1 [1]
The key components of this proposal can be summarized as:
1) The system information (the different SUs) is transmitted within periodically occurring system-information windows (a set of consecutive subframes) with well-defined starting points and well-defined lengths (in terms of number of subframes). Within the window, system information is not necessarily transmitted in every subframe thus allowing network to transmit the system information within the arbitrary set of subframes within the window (or downlink subframes in case of TDD)
2) Within such a window, the presence of an SU in a subframe is indicated by a corresponding PDCCH. The PDCCH also provides the frequency-domain resource and transport format used for the SU transmission.
3) UE monitors (demodulates and decodes) PDCCH for SU transmission from the start of the window. The monitoring continues until the end of the window or until the occurrence of specific indicator (an “end-of-system-information” indicator) on the PDCCH, what-ever occurs first.
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Figure 1 System-information windows. Each window consists of a number of subframes. 

It should be noted that the UE would anyway, even with a fully pre-determined time-domain scheduling, need to demodulate and decode the PDCCH in order to acquire the frequency-domain scheduling as well as the transport format of the system-information transmission. 
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Figure 2 Transmission of system information within a window of size 12 subframes (Type 1 frame structure assumed)

To elaborate on point 1 above, the system-information windows should occur with a period corresponding to the required repetition period of the most frequently occurring scheduling unit (SU-1). System information corresponding to SU-1 would then be transmitted within each system-information window while less frequently occurring scheduling units would be transmitted only within a sub-set of the system-information windows. As an example, system information corresponding to SU-2 could be transmitted within every second window; system information corresponding to SU-3 could be transmitted within every fourth window, etc., see Figure 3. 
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Figure 3 Scheduling of scheduling units to different system-information windows.

2.2 Partly dynamic scheduling, approach 2 [2]
The key components of this proposal can be summarized as:
1) ‘Scheduling information’ included in SU-1 indicates the Radio Frame (RF) in which the transmission of a given SU starts. This starting point corresponds to the window start in approach 1. For both proposals, scheduling information in SU-1 can be avoided by specifying limited number of repetition rates (as proposed in Samsung document)
2) The PDCCH control channel is used to indicate the presence of SU in a subframe as well as the corresponding detailed frequency resource and transport format exactly as in the Ericsson proposal above.

3) UEs searches for system information (by demodulating/decoding PDCCH) from the starting point mentioned.  The “search” continues until the reception of N consecutive subframes in which no SU is transmitted. 
3 Discussion
We strongly believe that a certain degree dynamic scheduling, agreed during RAN2#58bis is a necessary property for the transmission of the dynamic system information. Otherwise, the system-information transmission may, in certain scenarios, lead to unacceptable restrictions in the scheduling of other, e.g. user, data. Such partly dynamic scheduling is possible in both approaches and it is clear from above that there are many similarities also in the details between these two proposals:
· For both approach a, the UE is provided with timing instants where transmission of system information may start (the transmission timing corresponding to each scheduling unit could either be pre-specified if RAN2 manages to agree to limited amount of transmission periods or signalled e.g. as part of SU-1 in case more specific values for transmitting SUs need to be specified).
· From this starting point and forward, the UE monitors (demodulates and decodes) the PDCCH in consecutive subframes in order to find subframes in which system information is transmitted. The PDCCH also provides the frequency-domain resource and transport format for the system-information transmission.
The main difference between the proposals seems to be in the criterion used by the UE to determine when to stop monitoring the PDCCH, i.e. when to stop “monitoring” for further system information. 

· With approach 1, the UE demodulates and decodes PDCCH until a certain number of subframes have passed (end of the window), alternatively until the occurrence of a specific indicator, indicating end of system-information transmission, what-ever happens first. Thus the UE does not demodulate/decode PDCCH longer than necessary as long as the PDCCH is correctly decoded (which, in this case, occurs with very high probability) thus leading to a close to optimal UE reading time and corresponding power consumption. Taking into account that the amount of system information would not be same in each window, one could even consider having a variable window size with a larger size for windows in which system information corresponding to more scheduling units is to be transmitted (it is possible to couple window size to frame number e.g. based on the frame number, UE knows what SUs can expect in the following window).With approach 2, the UE demodulates and decodes PDCCH until a certain number of non-SU PDCCH subframes have passed. Thus the UE always needs to demodulate/decode PDCCH of N additional subframes thus leading to additional UE power consumption.
It can be noted that, when the consecutive subframes are used for system information transmission, approach 1 does not lead to any additional PDCCH demodulation/decoding, even compared to the semi-static approach while, as also point out in [2], approach 2 always has a negative impact ton UE power consumption. 

Following is the simple illustration of comparison between the approaches:
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It is also worth mentioning that both approaches support scheduling gaps within the SU which may be a useful feature considering approximation presented in Ref  [3] where it may take up to 30 TTI in a small bandwidth cell to transmit full content of BCCH.

From the above conclusion it is obvious that

· Both approach1 and approach2 provide flexibility needed for the transmission of dynamic system information.
· There are many similarities between the dynamic approaches 1 and 2. However, approach 1 provides higher efficiency in terms of lower UE effort, implying reduced power consumption.

4 Conclusion

Based on discussion above, we would like to propose partly dynamic scheduling approach 1 described above as the method for transmission of dynamic part of the system information.
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