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1. Introduction
A new WI on Narrow Band IoT (NB-IoT) was approved at RAN #69 [1]. RAN2 is tasked with the following objectives.

· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer.
This paper discusses how system information should be designed for NB-IoT taking into account the commonality of Rel-13 LC/EC UEs. This paper does not look into the MIB design as it depends on how PBCH is designed on a reception bandwidth of 200 KHz.
2. Discussion
When LTE was introduced in Rel-8, 3GPP specified a low-end UE category, Cat.1 which could be used for MTC modules. In Rel-12, Cat.0 was introduced for achieving lower complexity UE than the Rel-8 categories while keeping the backward compatibility of receiving a physical signal in an entire system bandwidth. In Rel-13, two types bandwidth reduced low complexity UEs (1.4 MHz and 200 KHz) are to be introduced. Suppose that all those MTC UEs are released into the market, the in-band operation in [1] is a most likely choice to accommodate all of the MTC UEs together with the other UEs, e.g., smartphone, in particular for operators who do not own a 200 KHz spectrum. From this operator’s viewpoints, one fundamental objective, which was missing in the GERAN study [2] is implementation impacts to the eNB while it was considered for GERAN. This aspect should be taken into account not only for the physical layer design but also for the higher layer design. In the realm of RAN2, the following is proposed.
Proposal 1:
Impacts to the eNB implementation in terms of L2/L3 design should be minimised unless a significant issue is justified to fulfill performance requirements.

For the in-band operation, the eNB needs to broadcast the system information using three different frequency/time resources as follows.
· SIBs for UE categories 0 to 16
· SIBs for Rel-13 LC/EC UEs with 1.4 MHz bandwidth

· SIBs for NB-IoT UEs with 200 KHz bandwidth
The additional broadcast resource incurs the increased overhead resulting in deteriorating the system capacity. Furthermore, if the design of system information is different among the above three cases, implementation impacts to the eNB are not negligible, which might cause delay in implementing the feature and doing inter-operable test. For Rel-13 LC/EC UEs, the agreements on the SIB design so far have a tendency to reuse the existing design for LTE as much as possible as described in the running Stage-2 CR [3]. The key agreements are:
· Maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage.
· Aim to align the SIB/SI formats and scheduling.
· Branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources).
· A new SIB1 denoted as SIB1bis is common for LC/EC UEs and uses the same structure as the legacy SIB1.

· Acquisition of SI messages across SI windows is used for Rel-13 LC/CE (provided multiple HARQ buffers/parallel accumulation is feasible).
To minimize the eNB implementation impact, it is sensible to apply these agreements to NB-IoT as proposed for general assumption in [4]. The following is proposed.
Proposal 2:

The agreements on SIB design for Rel-13 LC/EC UEs should be applied to NB-IoT UEs.

One potential issue specific for NB-IoT UEs is that the size of the SI message may exceed a transport block size in a scheduling unit (1 PRB x 1 ms) if kept as specified today depending on the target SINR. Alternatively, if the scheduling unit of PDSCH is modified to 1 PRB x 6 ms so as to keep the same available Resource Elements to Rel-13 EC/LC UEs (i.e., 6 PRBs x 1 ms), the size of the SI message does not exceed a TBS. For the former case, segmentation and reassembly of the SI message can be considered to transmit it on multiple subframes, e.g, up to 6 subframes. A straight forward approach in the current specification is to use RLC-UM for the SI message. The drawback of this approach is to increase the RLC PDU overhead by adding an UMD PDU header for segmentation. The increased overhead is 1 octet in case of 5 bit SN. Multiple HARQ processes (up to 6) are also required although it would not require to increase the soft buffer size. The total buffer size is merely split into multiple HARQ processes. Instead of relying on segmentation and reassembly, the different structure from the legacy SIBs could be considered as in [2]. Even with that, the segmentation mechanism would be required due to the limited size of a transport block in a scheduling unit as also stated in [2]. In that sense, the gain of deviating from the existing SIB structure would be marginal. As such, the following is proposed.
Proposal 3:
If a scheduling unit of DL NB-IoT is the same as today (i.e., 1 PRB x 1 ms), RLC-UM should be considered for delivering and receiving the BCCH-DL-SCH-Message.
To reduce the broadcast overhead, it is desirable if both NB-IoT UEs and Rel-13 LC/EC UEs can receive and decode a same occurrence of the SI messages. To enable this in case of Proposal 3, the following is also proposed.
Proposal 4:
If proposal 3 is agreed, the delivery and reception of the BCCH-DL-SCH-Message via RLC-UM should also be considered for Rel-13 LC/EC UEs.
The drawback of using the same approach for Rel-13 LC/EC UEs is to lengthen the delay of SI acquisition time to the same value of NB-IoT UEs although Rel-13 LC/EC UEs has a capability to receiver a larger transport block over 6 PRBs. Nonetheless, the benefit of reducing the broadcast overhead would be worthwhile so as not to deteriorate the system capacity.
If the scheduling unit of PDSCH is modified to 1 PRB x 6 ms for NB-IoT, it is also worthwhile discussing how the delivery and reception of the SI messages can be common to both NB-IoT and Rel-13 LC/EC UEs. The following is proposed.

Proposal 5:
If the scheduling unit of DL NB-IoT is modified, it should also be discussed how the delivery and reception of the BCCH-DL-SCH-Message can be common to both NB-IoT and Rel-13 LE/EC UEs.

3. Summary and proposal
This paper discussed the SIB design for NB-IoT taking into account the commonality with Rel-13 LC/EC UEs. In summary the followings were proposed.
Proposal 1:
Impacts to the eNB implementation in terms of L2/L3 design should be minimised unless a significant issue is justified to fulfill performance requirements.
Proposal 2:
The agreements on SIB design for Rel-13 LC/EC UEs should be applied to NB-IoT UEs.
Proposal 3:
If a scheduling unit of DL NB-IoT in the same as today (i.e., 1 PRB x 1 ms), RLC-UM should be considered for delivering and receiving the BCCH-DL-SCH-Message.
Proposal 4:
If Proposal 3 is agreed, the delivery and reception of the BCCH-DL-SCH-Message via RLC-UM should also be considered for Rel-13 LC/EC UEs.
Proposal 5:
If the scheduling unit of DL NB-IoT is modified, it should also be discussed how the delivery and reception of the BCCH-DL-SCH-Message can be common to both NB-IoT and Rel-13 LE/EC UEs.
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