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1. Introduction

RAN2 received an LS from RAN1 indicating possible SI (System Information) window size for different payload sizes [1]. It was thought that the sizes of SI transmission window indicated by RAN1 were larger than RAN2 had expected. Currently RRC specification specifies the following SI transmission windows sizes. Among those specified in RRC, RAN1 only indicated the largest two SI window sizes in their LS. 
si-WindowLength


ENUMERATED {ms1, ms2, ms5, ms10, ms15, ms20, ms40, spare1}
It is well known that SI window allocation in time domain can be “dimension limited” unless the SI window is small enough relative to the shortest SI repetition cycle [2]. A small SI window on the other hand results in undesirable “concentrated” resource usage for SI transmissions. We provided an overhead analysis and proposed a mechanism to increase the time domain space for placing SI windows [5].

In release-9, it is expected that some of new features introduced would require additional system information blocks [6], making the SI scheduling more challenging for operators. 
2. Discussion

2.1. Current SI scheduling scheme
The current SI window scheduling scheme [3] is very well designed and provides the following properties. These ease the UE implementation and enable a “targeted” reception of a particular SI by the UE.

· Position of a SI is deterministic from the index (n), SI window size (SI-window) and SI repetition cycle (SI-periodicity) of the SI
· A single SI window size

· No SI window overlap
An example of the current scheme is shown in the figure below. It can be seen that the space where SI windows can be placed is directly restricted by the SI that is scheduled with the shortest repetition cycle (SI2 in the figure). As a result in the following example SI6 can not be scheduled.
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Figure-1:
Current SI window scheduling scheme
2.2. Offsetting SI scheduling scheme
It has been proposed to offset SI windows when a position determined by the above equations is already occupied by other SI window [2]. This allows the SI6 to be scheduled in the above example. Since the “normal” position of SI6 is occupied by SI2 already, SI6 jumps to the next available position as shown figure below.
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Figure-2:
Offsetting SI window scheduling scheme
The main drawback of this scheme is that the UE receiving the SI6 onwards has to take into account the scheduling of SI2 and offset its reception window. This is also the case for other offsetting scheme [4], where the UE has to take into account other SIs using the same repetition cycle as the SI the UE is targeting.
The above would violate the first property of the release-8 scheduling scheme described in the previous section, which we believe shall be avoided.
2.3. Proposed SI scheduling scheme in [5]
The problem of the current scheme is that it adds up consecutive SI windows in one direction (i.e. to the right in the above figures) as the number of SI increases. Vacant space available backwards from the first SI (i.e. to the left in the above figures) is not utilized and thus wasted.
The following figure shows the proposed scheme in [5], in which the “backward” space is utilized for SI window allocation. In this proposed scheme, the dimension in which SI window is allocated switches back and forth so that both “forward” and “backward” space can be used. As a result, SI6 can be scheduled and further up to SI8 can be potentially scheduled.
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Figure-2:
Proposed SI window scheduling scheme
It should be noted that the above-mentioned essential properties of the current SI window scheduling scheme is maintained in the proposed scheme so the complexity is not increased. The above proposal can not be agreed as it is for release-9 due to backward compatibility issues.
2.4. New proposal for release-9
Backward compatibility issues can be addressed by scheduling only “new” system information blocks in the “backward” space discussed in the previous section. In the example in the figure below, 80 ms si-periodicity can not be used due to the release-8 SI scheduling constraints. The SI7 and SI8 only contain new SIBs that are used only by release-9 UEs or potentially release-8 UEs supporting corresponding functionalities.
A new index is used for the SIs containing new SIBs (e.g. by having a separate scheduling information container in SIB1) and SI position is calculated separately from the SIs containing legacy SIBs.
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3. Overhead analysis

Annex of this document provides a quantitative analysis for the release-8 SI scheduling, from which the following observation is obtained.
· Using 80 ms SI repetition would be challenging

· Using 40 ms SI window size would be challenging

· System capacity for small system bandwidth would be limited by SI transmission

· Future extensibility is quite limited with the current SI window allocation scheme
4. Conclusion

This document proposed a new SI window scheduling mechanism that increases the space for SI window allocation while maintaining the following essential properties of the current SI window scheduling scheme.
· Position of a SI is deterministic from the index (n), SI window size (SI-window) and SI repetition cycle (SI-periodicity) of the SI
· A single SI window size

· No SI window overlap
Other SI window “offsetting” schemes proposed in [2], [4] do not achieve the first point above because the “offsetting” requires the knowledge of scheduling of other SIs than the targeted SI. This results in a cumbersome SI position determination algorithm in the mobile station.

5. Reference

[1]
R2-084964
LS Response to LS on information about new PDCCH Format 1C and LS on SI Scheduling

RAN WG1
[2]
R2-081624
Scheduling of system information on DL-SCH
ZTE

[3]
3GPP TS36.331

[4]
R2-081740
Offsetting SI transmission SFN

NTT DOCOMO

[5]
R2-086794
Increasing time domain space for SI windows

Qualcomm Europe

[6]
R2-092041
Anticipated impact on RAN2/3 specifications of LTE positioning work item
Qualcomm Europe
Annex – Overhead analysis

We have estimated the size of relevant SIBs and obtained the following table.
	SIB2
	243 bits

	SIB3
	63 bits

	SIB4
	261 bits

	SIB5
	622 bits

	SIB6
	431 bits

	SIB7
	374 bits

	Some remarks

· Intra-F/inter-F whitelist size = 16
· Intra-F/inter-F blacklist size = 3

· 2 EUTRA inter-frequencies

· 8 UTRA carriers

· Explicit signalling of 32 GERAN carriers

· Overhead of SystemInformation message is not considered

· No TDD info


We further established the following assumptions.

1. SI scheduling:

· SI2: 160 ms (this allows allocation of up to 8 SI windows)
· SI3: 160 ms

· SI4: 320 ms

· SI5: 320 ms

· SI6: 640 ms

· SI7: 640 ms

2. The system supports three radio access technologies  (LTE, UMTS, GERAN) and is FDD system

3. SIB9 is simply assume to be small
4. SIB10 and SIB11 (ETWS SIBs) each requires a reserved SI window space

For the overhead incurred by SI transmission, we assumed the following.

1. Overall overhead of each SI should be similar to that of PBCH

2. Overhead within transmission window should be less than 10 % for the system bandwidth of 5MHz (non-optimized) and 5% for 10MHz (optimized)

5MHz system

We can obtain the following scheduling option based on the assumptions above and the TB sizes given in the RAN1 LS [1].

	SI
	SIBs
	Transmission
	Overhead (in Tx window, overall)

	SI2
	SIB2, SIB3
	20ms, 4 transmissions, 12PRB, +3dB power boost
	(10%, 1.2%)

	SI3
	SIB4
	20ms, 4 transmissions, 6PRB, 0dB power boost
	(5%, 0.3%)

	SI4
	SIB5
	20ms, 8 transmissions, 6PRB, 0dB power boost
	(10%, 0.6%)

	SI5
	SIB6, SIB7
	20ms, 8 transmissions, 6PRB, 3dB power boost
	(10%, 0.3%)

	SI6
	SIB9
	20ms
	Assumed to be small

	SI
	SIB10
	20ms
	Reserved

	SI7
	SIB11
	20ms
	Reserved


10MHz system

We can obtain the following scheduling option based on the assumptions above and the TB sizes given in the RAN1 LS [1].

	SI
	SIBs
	Transmission
	Overhead (in Tx window, overall)

	SI2
	SIB2, SIB3
	20ms, 4 transmissions, 12PRB, +3dB power boost
	(5%, 0.6%)

	SI3
	SIB4
	20ms, 4 transmissions, 6PRB, 0dB power boost
	(2.5%, 0.15%)

	SI4
	SIB5
	20ms, 8 transmissions, 6PRB, 0dB power boost
	(5%, 0.3%)

	SI5
	SIB6, SIB7
	20ms, 8 transmissions, 6PRB, 3dB power boost
	(5%, 0.15%)

	SI6
	SIB9
	20ms
	Assumed to be small

	SI7
	SIB10
	20ms
	Reserved

	SI8
	SIB11
	20ms
	Reserved


Observations

· Using 80 ms SI repetition would be challenging

· Using 40 ms SI window size would be challenging

· System capacity for small system bandwidth would be limited by SI transmission

· Future extensibility is quite limited with the current SI window allocation scheme
3GPP


_1286858019.vsd
SI2


SI2


SI2


0


80


160


240


320


SI6


SI3


SI4


SI5


SI2


SI3


SI2


SI3


SI4


SI5


SI4



_1286858579.vsd
SI6


SI2


SI2


SI2


0


80


160


240


320


SI3


SI4


SI5


SI2


SI3


SI6


Proposed scheme


SI4


System Frame Number (SFN) of SI:
SFN mod T = (T + FLOOR(x/10)) mod T,   where T is the si-Periodicity
x = (-1)^((n-1) mod 2) * CEIL((n-1)/2)) * w,   where w is the si-WindowLength


SI5


SI2


SI3


SI4



_1298116708.vsd
SI7


SI7


SI8


SI7


SI8


SI6


System Frame Number (SFN) of SI (new SIBs):
SFN mod T = (T + FLOOR(x/10)) mod T,   where T is the si-Periodicity
x = – m*w,   where w is the si-WindowLength


New proposal


SI2


0


80


160


240


320


SI periodicity (index n, si-Periodicity T)
SI2:  160 ms (1, 16)
SI3:  160 ms (2, 16)
SI4:  160 ms (3, 16)
SI5:  320 ms (4, 32)
SI6:  320 ms (5, 32)

SI periodicity (index m, si-Periodicity T)
SI7: 160 ms (1, 16)
SI8: 160 ms (2. 16)

SI window length w: 20 ms


SI3


SI4


SI5


SI2


SI3


SI2


SI3


SI4


SI5


SI4


System Frame Number (SFN) of SI (legacy SIBs):
SFN mod T = FLOOR(x/10),   where T is the si-Periodicity
x = (n – 1)*w,   where w is the si-WindowLength



_1286834366.vsd
SI4


SI2


SI2


System Frame Number (SFN) of SI:
SFN mod T = FLOOR(x/10),   where T is the si-Periodicity
x = (n – 1)*w,   where w is the si-WindowLength


SI2


0


80


160


240


320


SI periodicity (index n, si-Periodicity T)
SI2:  80 ms (1, 8)
SI3:  160 ms (2, 16)
SI4:  160 ms (3, 16)
SI5:  320 ms (4, 32)
SI6:  320 ms (5, 32)

SI window length w: 20 ms


SI3


SI4


SI5


SI2


SI2


SI3


SI3


SI4


SI5


Current scheme



