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1. Introduction
Work item of “Further LTE Physical Layer Enhancements for MTC” was agreed in RP-141660 and discussed in RAN1 already. Due to the bandwidth reduction to 1.4MHz and 15dB coverage improvement, it seems repetition is required for any transmission, including unicast, broadcast channel and scheduling control channel if needed. This will be a big challenge for system information transmission. So, we share some high level thinking for SIB(s) transmission in this contribution.
2. Discussion
2.1 legacy SIBs or separated SIBs
In LS R1-145416, RAN1 recommended RAN2 to consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage with following agreements/working assumptions:
	Working assumption (from RAN1#78bis) (#3)

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

Agreements (from RAN1#79) (#4)

· RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage

· A Rel-13 low complexity UE will not be able to

· Receive SI-messages in more than 6 contiguous PRBs 

· Receive PDCCH which schedules transmissions of legacy SIBs
· FFS: Whether UE can receive PDCCH which schedules transmissions of legacy SIBs in 1.4 MHz system BW case
· Maximum TBS, SIB size(s) and time-domain aspects including e.g. SI-windows and SIB update rate(s) can be decided jointly with RAN2

· This does not preclude the possibility of using a subset of the new SIB(s) for normal coverage or enhanced coverage 

· FFS whether UEs of other category in enhanced coverage can use this SIB(s)
· RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage


In summary from the above LS, the system information targeting Rel-13 MTC UE have following characteristics comparing with the legacy way: 

· Have to repeat enough times to make sure 15dB coverage improvement UEs can receive SIB(s) correctly. And the bigger the TB size, the more repetitions are needed. So either we have to repeat more times by assuming the biggest message size or we have to restrict the SIB sizes as small as possible which will of course limit for possible further extension in the future releases. 
· Have to transmit SIB(s) within 1.4MHz

· The message size has to be less than 1000bit. 

· The legacy dynamic scheduling has to be changed or removed. Currently scheduling of SIBs is fixed in time domain, but we still use PDCCH dynamically to schedule the PDSCH carrying SIBs on subframe basis. In order to make sure Rel-13 MTC UE can combine the repetitions, the scheduling PDCCH if any have to be sent and repeated beforehand, and then send corresponding PDSCH repetitions. 

With the above in mind, we discuss possible alternatives of SIB transmission for Rel13 MTC UEs:
Alt 1: Reuse (subset of) legacy SIBs, and legacy transmissions with additional repetitions will be utilized by Rel-13 low complexity UEs (like PBCH)
Simply to repeat necessary SIBs e.g. SIB1/2/14 more times with same transmission format, the Rel-13 low complexity UEs could receive both legacy transmissions and the additional new repetitions for possible soft combining as shown in Figure 1. 
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Figure 1. Legacy SIB transmission and the additional new repetitions
This will reduce the redundancy and avoid to design new system information messages. However to make sure Rel-13 MTC UE can receive them correctly, we have to apply some restrictions even on the legacy SIBs transmissions.
Alt 2: Reuse the (subset of) legacy SIBs, but transmit them separately 
The legacy SIB transmissions will not be utilized by Rel-13 and consequently will not be impacted/restricted. Transmission scheme for Rel-13 MTC UE can be designed separately, but the SIBs message themselves i.e. the content will be reused. 
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Figure 2. Reusing legacy SIB with separate transmission for Rel-13 MTC
In this way, the number of additional repetitions would be slightly more than alt1.  

Alt 3: redefine MTC-SIB(s) and transmit them separately. 

If the system information will be transmitted separately to MTC UE anyway, one step further from alt2 is to redefine the MTC-SIBs instead of reusing the legacy SIBs message. In this way, there is a possibility to reduce the message size. This would mean that we can extend the SIBs for normal UEs in the future, but, not the MTC-SIB(s) at the same time. Of course, defining new SIB(s) means more specification work. 
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Figure 3. New MTC-SIB(s) transmitted separately.
With alt1, there is too much restriction on scheduling of legacy SIBs transmissions. And comparing the much bigger number of repetitions needed for MTC UEs, the number of legacy transmissions are very much little. We propose to exclude alt1: 
Proposal 1: the legacy SIBs transmissions are not utilized by Rel13 MTC UE, i.e. SIB(s) received by Rel13 MTC UE are transmitted separated from legacy SIBs.
Between alt2 and al3, as starting point, a subset of legacy SIBs e.g. SIB1/2/14 can be identified and used as baseline for Rel-13 MTC UEs, and then depends on the TBS limitation from RAN1 and requirement for MTC UE, we can redefine the message on the need basis if there is obvious gain/limitation observed.
Another issue is whether we have separated SIBs for normal coverage MTC UE and enhanced coverage MTC UE. In one hand, SIBs received by coverage enhancement MTC UE can also be received by normal coverage MTC UE, as pointed out in WID, it should keep the commonality between the solutions as much as possible.  On the other hand, this also depends on the difference requirement for these two type of UEs, e.g. there may be strong market requirement to support mobility for normal coverage MTC UE. If this is the case, we can transmit the additional SIBs for normal coverage MTC UE separately and with less repetitions.  
Proposal 2: new SIB transmissions for MTC UEs in coverage enhancement are also utilized by normal coverage MTC UEs. Additional SIBs can be introduced for normal coverage MTC UE if any additional requirement is justified.

2.2 SIB Scheduling for Rel-13 MTC
There are two options on how to schedule SIBs for Rel-13 MTC UE based on RAN1 discussion:

· Option 1: Control-less Common Control transmission - it can be applied similar to PBCH-like design in which transmission timing, resource allocation (RA) and transmission formats (MCS, RV, etc.) are predefined for the common control information transmission, also the TBS/maximum message size is fixed. For example, in frequency-domain, all 6RBs in 1.4MHz are used to carry SIB, and also a predefined periodicity in time-domain. The advantage is that this option provides overhead reduction as well as power consumption reduction at the UE due to elimination of the control transmission. The disadvantage is that it lacks eNodeB scheduling flexibility and also message extension flexibility in the future releases.
· Option 2: EPDCCH CSS transmission - another option is to define common search space (CSS) in EPDCCH to provide dynamic scheduling for the common control information for Rel-13 low complexity UEs. However, the disadvantage is the control overhead compare to Option 1, more specifically for coverage enhanced mode where a significant number of repetitions are needed. The advantage is the eNodeB scheduling flexibility that achieves an efficient system operation. 
From RAN2 point of view, it is very important to have possibility to extend the message(s) in the future. If option1 is agreed in RAN1, the TBS of SIBs will be fixed. RAN2 needs to think about how to make sure the forward compatibility, i.e. to make sure there is possibility to expand the message (size or number) in the future.
Proposal 3: RAN2 need to make sure the possibility to expand the MTC-SIB messages in the future.
3. Conclusion

In this contribution, firstly, it was discussed whether new SIBs should be introduced as recommended by RAN1. In term of transmission, following are proposed:  

Proposal 1: the legacy SIBs transmissions are not utilized by Rel13 MTC UE, i.e. SIBs received by Rel13 MTC UE are transmitted separated from legacy SIBs.

Proposal 2: new SIB transmissions for MTC UEs in coverage enhancement are also utilized by normal coverage MTC UEs. Additional SIBs can be introduced for normal coverage MTC UE if any additional requirement is justified.

If this agreeable, in term of the content, it can be further discussed whether a subset of legacy SIB(s) PDU can be reused or new MTC-SIB(s) PDU should be defined in RRC layer.

Secondly, we summarized the options on how to schedule SIBs for Rel-13 MTC UE based on RAN1 discussion, and observed that the extension possibility of MTC SIBs in future might be restricted potentially, and it is proposed: 
Proposal 3: RAN2 need to make sure the possibility to expand the MTC-SIB messages in the future.
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