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1
Introduction
In [1] the WID was approved for further physical layer enhancements for MTC. Particular objectives are to allow for enhanced coverage compared to other LTE devices, as well as to provide a reduced UE bandwidth of 1.4HMz in the downlink.

In [2] 
RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage due to several limitations of those UEs. In [3] it is indicated that legacy PBCH is utilised for MTC UEs both for normal and enhanced coverage. Utilisation of spare bits in MIB is FFS.
In this paper we propose one way to enable scheduling of the new SIBs in a flexible manner and consistent with the legacy scheduling without impacting the legacy SIB scheduling.

2
Discussion
As identified by RAN1, it will not be possible for UEs with a reduced RF bandwidth and/or operating in coverage enhancement mode to receive all current system information blocks. In particular, those which exceed a certain size or which are scheduled over more than 6 PRBs. 
Options which have been discussed in the past include 

· scheduling smaller SIBs, also for legacy devices (E.g. reducing NCL size)

· disadvantage would be the impact to legacy devices – this should be avoided

· re-transmitting SIBs in smaller segments, for MTC devices
· necessary in order the MTC devices can received the SIBs – probably unavoidable

· should avoid re-transmitting SIBs which could be received by MTC devices in the original schedule

· re-transmitting only the critical information in SIBs, for MTC devices

· There may be some information that can be excluded, such as inter-RAT neighbours. However in general most information in the SIB is critical information. 

· using fixed SIB scheduling, for MTC devices (i.e. SIBs are transmitted in a fixed location, e.g. defined in specification)
· Imposes severe restrictions to NW flexibility + could limit potential future extension.

· Use some default content for entire SIBs, or parts of SIBs

· Has an advantage of reducing the amount of information that needs to be (re) sent on BCCH, however can restrict flexibility of configuration.

In our opinion, use of fixed scheduling for system information is out of the question, for the simple reasons given above. Therefore we would like to initially agree that any new SIBs for MTC must have the option for the eNB to schedule with the same flexibility as legacy SIBs. Furthermore, any new feature should not impact legacy UEs or network configuration. Even if at this stage, we are unable to agree on whether to have any new SIB(s), we should make the following agreements in order to provide guidange to RAN1 on their further discussions on the matter.
If new SIBs are needed for MTC:

Proposal 1: Fixed SIB sheduling shall not be used.

Proposal 2: Legacy SIB scheduling and content shall not be impacted by MTC SIBs, with the exception of a 1 bit indicator in SIB1 or MIB or an extension to SIB1 providing the additional scheduling.
It looks inevitable that some new SIBs will need to be introduced for MTC, to replace those legacy SIBs which are too large. Given that we think that flexible scheduling should be provided, without impact to legacy SIB scheduling, we propose to consider the following structure shown in figure 1.
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Figure 1: Structure for MTC SIB scheduling signalling
The example above is not supposed to represent a real NW implementation, it is intended to illustrate various options available to allow flexible scheduling of new/replacement SIBs in order that we can discuss which options, if any, we should use. Network vendors are invited to investigate their real implementations with these proposals in mind.
In the above example, legacy SIBs 2-7 are provided in SI messages with n=1,2,3,4. The only impact in legacy SI content would be an indication (either in MIB or in SIB1 as a 1 bit indication, or an additional entry in SchedulingInfoList). 
Then, the MTC scheduling is provided in a separate SIB – note that it could potentially also be provided as an extension to SIB1 however since one of our intentions is to minimise impact to the legacy SIBs we prefer a separate SIB.

For each of the entries in legacy scheduling list, the new scheduling information provides an indication what to do with the legacy information – either re-use the legacy scheduling, to ignore it (remove) or to replace with a default configuration. 

Then the next entries (n=5, 6, 7) provide scheduling for the new/replacement SIBs. In the above example, SIB2 is split into 2 smaller segments, and SIB 4 is sent on it’s own (avoiding the SI block containing SIB3 + SIB4 which is assumed too large in this example).

The intention of being able to re-use some of the legacy SIBs would be to avoid having to re-send, consuming BCCH space, if the UE would anyway be able to receive it (e.g. it is anyway sent on the central 6 PRBs). However, another option here would be just to assume none of the legacy SIBs are recevied by an MTC device – and the new scheduling list is treated as an extension to the legacy one – so, n=5, 6, 7, etc would indicate the ascheduling for all the MTC SIBs, and MTC UE would ignore n=1, 2, 3,4. This may be a simpler and better option in the case that all the replacement SIBs needs to be sent with repetition to support coverage extension + all existing SIBs are left completely untouched. This option would also allow for the case that even SIB1 cannot be received bue to reduced RF bandwidth or coverage extension (if the presence of new scheduling is given in MIB as suggested in [3]).
The example above provides the maximum flexibility for the network, to be able to re-use or re-send specific SIBs as it sees fit, according to the legacy SIB schedule.We may also consider default configuration for some SIBs, or parts of SIBs, if that is seen as something which could be done, taking into account typical NW configurations.

If it is not seen as useful to re-use some of the legacy SIB scheduling, but rahter to provide an entirely separate scheduling list, then the best way to do this would be to include an indication in MIB which informs the UE to read SIBx. However, the UE reading SIBx needs to know how many entries are in SIB1 in order that the correct position of the MTC SIBs can be calculated. The current calculation of SIB position uses the SchedulingInfoList index n as shown below. 

	5.2.3
Acquisition of an SI message

When acquiring an SI message, the UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1;

2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts at the subframe #a, where a = x mod 10, in the radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;

NOTE:
E-UTRAN should configure an SI-window of 1 ms only if all SIs are scheduled before subframe #5 in radio frames for which SFN mod 2 = 0.

1>
receive DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received, excluding the following subframes:

2>
subframe #5 in radio frames for which SFN mod 2 = 0;

2>
any MBSFN subframes;

2>
any uplink subframes in TDD;

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion forthe concerned SI message;


Assuming that the same, or a similar, calculation is done to determine the MTC SIB positions, then even if the legacy SIBs are not re-used at all, the MTC UE needs either a number of “empty” entries in the list, or needs an indication of how many entries are in SIB1. This structure is shown below in figure 2

 SHAPE  \* MERGEFORMAT 



Figure 2: Structure for MTC SIB scheduling signalling using MIB indication
In this contribution we have intentionally not discussed the options for repetition that RAN1 are discussing, bur rather look at the feasibility of providing flexible SIB scheduling for new SIBs. Repetition schemes for MTC SIBs should be considered separately, however the advantage of considering the scheduling options we propose is that legacy SIBs can be kept separate and not impacted (i.e. only new SIBs need to be repeated for coverage enhancements)

The following figures 3 and 4 show how the signalling example in Figure 1 would result. Figure 3 shows how the new SIBs would fir into the legacy SIB schedule, re-using all of the principles for legacy scheduling. Figure 4 shows the SIBs an MTC device would read.
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Figure 3: SIB scheduling for signalling example in figure 1.
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 Figure 4: SIBs received by MTC device.
Note that SIB4 sent in n=5 could be optional for the UE to read, depending on whether it supports mobility. For example, we would expect wearable device to support mobility, however a stationary smart meter would not need that information. It may also be possible for a UE not requiring coverage enhancement to receive the legacy SIB5, but a UE requiring coverage enhancement may need to discard that SIB, limiting it’s mobility to intra-frequency, or the SIB needs to be re-sent for coverage enhancement UEs only (i.e. some MTC device may use legacy SIB, and others the replacement SIB). 

SIB4 (or SIB5 in other examples than given above) could be encoded using the legacy message definition (i.e. no need to introduce new SIB) but the network might use different content to that sent for legacy devices (e.g. reduced number of neighbour cells, or in the case of SIB5 reduce the number of neighbour frequencies)
Proposal 3: Consider the options provided to provide flexible SIB scheduling for MTC SIBs.
· Indication of new scheduling information in MIB or SIB1

· Re-use of some legacy SIBs if already sent in appropriate PRBs.

· Use of default configuration for all or part of some SIBs.

· Segmentation of content of larger SIBs into smaller SIBs.

· Sending of cut-down neighbour list size for SIB 4 and SIB 5.

· Calculation of SI-window location using SchedulingInfoList index.

· Different SIBs depending on UE type and purpose (amount of coverage enhancement needed, RF bandwidth, mobility required/not required).
4
Conclusion

In conclusion, we have looked at how to accommodate the scheduling of potential new SIBs sent for MTC devices without affecting the legacy SIB schedule, and to do so in the most flexible and efficient way possible, re-using as much as possible of the legacy approach and message definitions. We propose:
If new SIBs are needed for MTC:

Proposal 1: Fixed SIB sheduling shall not be used.

Proposal 2: Legacy SIB scheduling and content shall not be impacted by MTC SIBs, with the exception of a 1 bit indicator in SIB1 or MIB or an extension to SIB1 providing the additional scheduling.
Proposal 3: Consider the options provided to provide flexible SIB scheduling for MTC SIBs.
· Indication of new scheduling information in MIB or SIB1.
· Re-use of some legacy SIBs if already sent in appropriate PRBs.

· Use of default configuration for all or part of some SIBs.

· Segmentation of content of larger SIBs into smaller SIBs.

· Sending of cut-down neighbour list size for SIB 4 and SIB 5.

· Calculation of SI-window location using SchedulingInfoList index.

· Different SIBs depending on UE type and purpose (amount of coverage enhancement needed, RF bandwidth, mobility required/not required).
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