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1 Introduction

During RAN2 #59bis dynamic scheduling of System Information was agreed basically relying on the normal dynamic DL-SCH scheduling with scheduling control on the PDCCH. More specifically discussion focused on the two approaches for the scheduling:
· A semi-static approach [R2-073987]

· A dynamic approach based on a time window [R2-074195].

As an outcome of the discussion, the dynamic approach to system-information scheduling, was agreed upon [R2-074560]

Current version 8.0.0 of the RRC specification 36.331 states:

The scheduling of the SUs other than SU-1 is flexible i.e. dynamic scheduling is used: the UE acquires the detailed time-domain scheduling (as well as other information e.g. frequency-domain scheduling, used transport format) of these scheduling units from the PDCCH. For these other SUs additional scheduling information (indicating starting times) is provided in the SB, which is included in SU-1.The details of the dynamic scheduling mechanism are FFS. Also, it is FFS if the other SUs are scheduled in subsequent consecutive sub-frames.

The aim of this document is to further discuss and present proposals for the details of system information transmission including the information that needs to be provided to the UE in order to receive System Information that is transmitted over DL-SCH.
2 Discussion
In order to discuss the transmission of dynamic system information, we refer to Response LS from RAN1; see [R1-075102] on the maximum number of transport channel bits that can be transmitted within a subframe i.e. maximum transport block size regardless of carrier bandwidth,provided some form of “soft combining”. As stated in response LS, assuming the full alignment with the current specification of DL-SCH for the narrow BW (corresponding to 6 RB’s) it is possible to transmit around 1200 bits per transport block (up to 1800 with relaxing the requirements on the self decodability of the first transmission).
RAN2 is currently working on the list of parameters to be included in the system information see [R2-080241], [R2-080243] in order to progress specifying SIB’s as well as estimate maximum size of Scheduling Unit to be transmitted. 
Based on current estimations, we believe that above mentioned transport block sizes will be sufficient to cater for the information included in different SUs thus avoiding the need for segmentation, especially if mapping of SIBs onto SUs is flexible as proposed in [R2-075558]. 

The key characteristics of the dynamic system-information scheduling can be summarized into:
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 (semi-statically configured) lengths (in terms of number of subframes). Within the window, system information is not necessarily transmitted in every subframe.
Proposal 1: It is proposed that starting points for system information windows are predefined by the frame number in order to minimize the amount of information that UE needs in order to “understand” how to acquire dynamic part of System Information.Therefore, start of the window is at subframe #5 within frame SFNmod8=0 (since SU1 - most frequently occurring scheduling unit that carries the scheduling of dynamic system information is transmitted every 80ms starting from subframe #5). 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. 
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Figure 1 System-information windows. Each window consists of a number of subframes. 
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Figure 2 Transmission of system information within a window of size 12 subframes 

As an example, in the figure 3: 
· SU1 is transmitted every 80ms, (i.e. every system information window)
· SU2 is transmitted every 160ms and (i.e. every second system information window)
· SU3 is transmitted every 320ms (i.e. every fourth system information window)
The periodicity of SUs is indicated in SU1 (exact details of what needs to be included in Scheduling Block SB that is included in SU1 are discussed in [R2-075566].Thus if UE starts reading SU1 at SFN that is predefined by SFNmod8=0 and understands the periodicity for SU2 and SU3, UE can go to sleep until (the window starting at) SFNmod16=0 within which SU2 is being transmitted. The same applies for SU3, UE wakes up at the time window starting at SFNmod32=0 in order to acquire the message. In case UE starts reading system informationat SFN=32, it acquires SU1, SU2 and SU3 during a single transmission window.
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Figure 3 Scheduling of scheduling units to different system-information windows.

2) The presence of an SU in a subframe is indicated by a corresponding PDCCH with a specific System Information RNTI (SI-RNTI). The PDCCH also provides the frequency-domain resource and transport format used for the SU transmission. Thus the PDCCH structure is essentially the same as for any other DL-SCH transmission. Assuming that a soft combining scheme for transmission of an SU is agreed, we propose the following:

Proposal 2: A common SI-RNTI is used for all the SU’s transmitted.

Proposal 3: In order for the UE to understand what information should be soft combined, different SUs are identified by different HARQ process ID. Current PDCCH format includes already (HARQ related information) such a process ID that can be reused for the case of BCCH transmission.
Proposal 4: The number of redundancy versions to use (N_RV=4) should follow normal DL-SCH physical layer processing given the number of bits (1200) stated previously in the document. In case more bits is found needed for certain SU’s RAN1 needs to consider additional handling, e.g. by increasing number of RV’s, and using the higher coding rates.
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Figure 4 Transmission of system-information
As shown in figure 4 (3 different SUs are sent with different periodicity and different number of transmissions) within transmission window there may be multiple “retransmissions” for each SU and they are transmited in a concentrated manner (transmissions of SU are transmitted consecutively and not interleaved with other SU transmissions) in order to minimize UE wake up and reception time and avoid reception of multiple SUs at the same time (with multiple process ID’s and buffering of transmissions from multiple SUs.

Also indicated in the figure is the possibility for reduced window duration (from a UE point of view) in case it is decided to signal an offset in terms of number of subframes (starting time as indicated in 36.331 if needed: “For these other SUs additional scheduling information (indicating starting times) is provided in the SB, which is included in SU-1.”) for each SU. Thus, as an example, in case UE is only to recieve SU2 it can start reception at delayed time instant (a delayed window start) with reduced effective window duration as a result.

3) As initially proposed in [R2-072543] the monitoring of PDCCH continues until the end of the window or until the occurrence of specific RNTI (an “end-of-system-information” RNTI) ESI-RNTI on the PDCCH, what-ever occurs first. Having “end” indicator ESI-RNTI allows UE to stop monitoring PDCCH either upon decoding it and UE therefore does not demodulate/decode PDCCH longer then necessary thus reducing UE power consumption. Only when UE does not manage do decode ESI-RNTII indicator and window duration has expired, UE will stop monitoring PDCCH until next transmission occasion occurs.
Proposal 5: introduce “end-of-system-information” indicator on the PDCCH, ESI-RNTI in order for UE to stop montoring PDCCH once UE has received all the available information.

By introducing ESI-RNTI the set of possible window sizes can be reduced to minimum.
3 Conclusion

Based on discussion above, we would kindly ask RAN2 to agree on the following proposals in order to conclude on the scheduling method for transmission of dynamic part of the system information:
Proposal 1: It is proposed that starting points for system information windows are predefined by the frame number in order to minimize the amount of information that UE needs in order to “understand” how to acquire dynamic part of System Information.Therefore, start of the window is at subframe #5 within frame N*8

Proposal 2: A common SI-RNTI is used for all the SU’s transmitted.

Proposal 3: In order for the UE to understand what information should be soft combined, different SUs are identified by different HARQ process ID. Current PDCCH format includes already (HARQ related information) such a process ID that can be reused for the case of BCCH transmission.
Proposal 4: The number of redundancy versions to use (RV=4) should follow normal DL-SCH physical layer processing given the number of bits stated previously in the document.

Proposal 5: introduce “end-of-system-information” indicator on the PDCCH, ESI-RNTI in order for UE to stop montoring PDCCH once UE has received all the available information.
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