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1 Introduction

At the last RAN1 #83 meeting in Anaheim, CA a compromise WF was agreed to progress the work on an NB-IoT system for a cellular Internet-of-Things based on a non-backward compatible variant of the E-UTRA air interface. For the NB-IoT downlink, OFDMA with 15 kHz subcarrier spacing was adopted whereas for the uplink, single-tone and multi-tone transmissions will be supported. Initial technical design decisions were also reached, e.g., on TDD support and synchronization signal design. With respect to the NB-IoT downlink design, working assumptions on the use of SFBC for operation with 2 Tx antenna ports and the use of TBCC as in LTE for all NB-IoT downlink channels were agreed. In this contribution, we further present our views on the design aspects of system operation and common control messages for NB-IoT. 
2 NB-IoT System Operation
By default, an NB-IoT carrier is self-contained, i.e., the cellular IoT system can be operated on a single carrier of 180 kHz bandwidth. There are, however, many benefits in configuring multiple NB-IoT carriers for operation of the NB-IoT system. In principle, this is true for all NB-IoT modes of operation, namely, in-band, guard-band and standalone. For example, multiple GSM carriers may be re-farmed for operation of the cellular IoT system. Similarly, multiple NB-IoT carriers may be available in the guard-band of an LTE cell, either at one or both ends of the LTE transmission bandwidth. For ease of exposition, however, we shall restrict our discussion to the in-band mode of operation. 
In its simplest form, multi-carrier NB-IoT operation does not require any specification support. For example, by network implementation, multiple PRBs of a donor LTE cell can be configured for NB-IoT operation. Since no specification support is provided, each NB-IoT carrier operates as a standalone carrier, i.e., the donor eNB transmits necessary control signaling on each configured NB-IoT carrier (NB-PSS, NB-SSS, NB-PBCH, system information, paging …. to name a few). While such a deployment comes for free with the introduction of NB-IoT in LTE Rel. 13, it may not be desirable from both a network and a user equipment perspective. 

From a network perspective, unnecessary overhead is created, e.g., by transmitting common system information on each and every NB-IoT carrier. From a UE perspective, RRC_IDLE mode load balancing may be inefficient from a battery consumption perspective. For example, it may be necessary that a UE decodes the system information on several NB-IoT carriers.  To address both these shortcomings, a single so-called anchor NB-IoT carrier could be defined which carries the NB-PSS, NB-SSS, NB-PBCH and common control signaling such as paging and system information for all NB-IoT carriers of an LTE donor cell. Unicast data, on the other hand, could be transmitted on NB-IoT carriers that do not carry such common control signaling and thus are not self-contained. In other words, the UE would attach to the single NB-IoT carrier carrying common control signaling. Subsequently, the network could configure additional NB-IoT carriers for NB-IoT unicast transmission. 
If more than one NB-IoT carrier are operated at least for unicast transmissions, more dynamic schemes such as frequency hopping can be considered. Alternatively, instead of defining a frequency hopping pattern, the NB-PDSCH could be cross-carrier scheduled by the NB-PDCCH. We are open to such enhancements in Rel. 13 but are also okay to postpone such specifications to Rel. 14. 
Proposal 1:
· NB-IoT carriers without NB-PSS/NB-SSS/NB-PBCH are supported in Rel. 13

· Frequency hopping and cross-carrier scheduling can be considered in Rel. 13

3 Common Control Messages for NB-IoT
In this section, we share our views on the transmission of common control messages in NB-IoT systems. Here, we focus mainly on the transmission of System Information (SI) and paging, while our views on the transmission of Random Access Response (RAR) messages is shared in [1].
3.1 SIB transmissions for NB-IoT
The transmissions of System Information Blocks (SIBs) for NB-IoT should be designed similar to that for Rel-13 eMTC, i.e., directly transmitted using the NB-PDSCH without dynamic scheduling. Thus, the NB-MIB carried by the NB-PBCH provides the scheduling information for the NB-IoT SIB1 (NB-SIB1) transmission, and subsequently, the SIB1 indicates the scheduling information for the other NB-SIBs. 

For SIB1 scheduling, the scheduling information includes the time resources used for SIB1 transmission, the periodicity, and the transport block size (TBS) for the SIB. Similar to eMTC, the modulation order is fixed to QPSK and the code rate is determined based on the resources used to carry the SIB1 TB. Further, since NB-PDSCH is to use TBCC as defined in LTE without any redundancy version (RV) cycling, in order to maintain a reasonably low initial code rate, it is necessary that the SIB1 payload is mapped onto multiple subframes. These subframes need not be consecutive subframes, but instead may be mapped across multiple radio frames.

If the configuration of the valid DL subframes is transmitted via the SIB1 itself, only non-MBSFN configurable subframes (e.g., subframes # 0, 4, 5, and 9 in FDD systems) may be used for SIB1 transmission. In this case, the non-MBSFN configurable subframes that are not used for transmission of NB-PSS/NB-SSS/NB-PBCH may be used to transmit NB-SIB1. Alternatively, the MIB indication can point to the set of subframes used for SIB1 transmission and in this case, there would be no need to restrict the SIB1 transmission to certain non-MBSFN configurable subframes in a radio frame. 
A periodicity of the NB-SIB1 would then indicate the duration during which a single repetition of the NB-SIB1 TB is transmitted using multiple subframes, and an NB-IoT UE would need to combine the transmissions across multiple such periods (or repetitions) to accumulate sufficient energy to successfully decode the NB-SIB1. Further, the duration over which the UE may assume the NB-SIB1 to not change (i.e., the modification period for NB-SIB1) should be specified considering inputs from RAN2 WG on the expected modification period. Additionally, in order to determine the repetitions, the number of subframes a single TB is mapped to, and the range of TBS that need to be supported, it is recommended to send an LS to RAN2 WG requesting RAN2 for feedback on the expect range of TBS for NB-SIB1 as well as the modification period.
Proposal 2:
· SIBs for NB-IoT (NB-SIBs) are transmitted following a mechanism similar to that defined for Rel-13 eMTC, i.e., transmitted directly via NB-PDSCH without dynamic scheduling.

· NB-MIB carries the NB-SIB1 scheduling information and the NB-SIB1 provides the scheduling information for subsequent NB-SIBs.

· A single NB-SIB1 TB is mapped to multiple subframes that may not be contiguous in time, and each set of such subframes is repeated following a configured periodicity. 

· The subframes within a radio frame used to transmit NB-SIB1 are either fixed in the specifications to one of the non-MBSFN configurable subframes, or, alternatively, the subframes are indicated directly via the NB-MIB.

· It is recommended to send an LS to RAN2 WG requesting RAN2 to provide guidance on the range of TBS values for NB-SIB1 as well as the expected modification period for NB-SIB1.
3.2 Paging for NB-IoT

For paging transmissions, it may be possible to identify the UEs that may be stationary vs. those that cannot be assumed to be stationary. 

For the former class of UEs, the coverage class can be assumed to be semi-static and hence may be known by the eNodeB and hence, this UE may be configured and/or indicated by the network to use specific coverage level; therefore, the UE does not try to reselect to other cells while in idle mode, assuming that it could always camp and receive paging in the cell in which it was previously connected. On the other hand, if there is any un-expected change of condition, it would be acceptable that this UE cannot be paged for certain time e.g. until it connects back for UL data transmission or for periodic TAU. These UEs with fixed location when in idle mode, may check for paging using only the stored coverage level (i.e. as UE may not need to check for its current coverage level).
For the second class of UEs with no fixed location, the coverage class may change and hence, when a UE is in idle mode, the network does not know which is its coverage level or the cell in which the UE camps. In addition, the UE might search/measure neighbouring cells, when needed, trying to camp in the best cell. This dynamic coverage level could be understood as the default configuration. In this case, the paging mechanism can be similar to that defined for Rel-13 eMTC. 

As discussed in the previous section, multiple PRBs may be configured also for paging transmissions, and in this case, the resource blocking can be addressed by multiplexing over multiple NB-IoT carriers/PRBs and the PRB to monitor for paging can be derived based on UE ID, similar to eMTC. Further, it may be sufficient to define the paging occasion (PO) based on the UE ID and the SFN and subframe number. 
For the transmission of paging, one option could be to reuse the eMTC concept of defining a common search space (CSS) for paging (CSS-paging) that the UE monitors for potential paging messages. The starting subframe of the CSS-paging is defined by the PO and depending on whether the UE is of stationary or mobile type, the UE either determines the number of repetitions for the NB-PDCCH scheduling the paging message based on its stored coverage class, or, it may try to receive the paging scheduling based on its current coverage class but with the understanding that the eNodeB transmits the paging assuming the worst case coverage condition in the absence of knowledge regarding the UE’s coverage condition.
Another alternative may be to directly transmit the paging message via the NB-PDCCH or NB-PDSCH. Note that both are expected to use TBCC for channel coding and hence, a very limited number of blind decoding attempts corresponding to 2 values of transport block sizes may be considered, thereby saving the need to transmit both NB-PDCCH and NB-PDSCH. Further, the need to multiplex multiple paging messages in a single NB-PDSCH TB may be low considering that NB-IOT traffic is expected to be mostly infrequent. Also the number of narrowband carriers (if supported) and different paging groups configured in a cell may reduce the need even further. Furthermore, the latency requirement is also more relaxed than in eMTC and occasional blocking may not be an issue. From this, it may seem like the ‘direct’ option is sufficient. 

On the other hand, the number of NB-IOT devices are expected to be large. This may mean that the chances of multiple paging records in a paging occasion can also be quite likely and may vary in size from paging occasion to paging occasion. Multiplexing of paging records also reduces the blocking probability. In this case, Option 1 may seem like a more suitable approach. Furthermore, for the ‘direct’ option, the UE may have to blind decode IMSI and S-TMSI in one paging occasion which may complicate the blind decode.
In summary, further discussions and guidance from RAN2 WG may be needed to determine the best mechanism for paging transmissions.

Observation 1:

· Paging transmission mechanism and determination of coverage class of the UE may be determined based on identification of NB-IoT UEs as stationary or mobile.
Proposal 3:

· RAN1 to discuss further on whether direct transmission of paging records over NB-PDCCH or NB-PDSCH may be feasible for NB-IoT.
· Consider sending an LS to RAN2 requesting RAN2 to confirm the feasibility of identification of NB-IoT UEs as stationary or mobile and on the potential multiplexing requirements of paging records in a single NB-PDSCH TB.
4 Conclusions

In this contribution, we presented our views on the design aspects of system operation and common control messages for NB-IoT. These are summarized via the following observation and proposals:

Proposal 1:
· NB-IoT carriers without NB-PSS/NB-SSS/NB-PBCH are supported in Rel. 13

· Frequency hopping and cross-carrier scheduling can be considered in Rel. 13
Proposal 2:

· SIBs for NB-IoT (NB-SIBs) are transmitted following a mechanism similar to that defined for Rel-13 eMTC, i.e., transmitted directly via NB-PDSCH without dynamic scheduling.

· NB-MIB carries the NB-SIB1 scheduling information and the NB-SIB1 provides the scheduling information for subsequent NB-SIBs.

· A single NB-SIB1 TB is mapped to multiple subframes that may not be contiguous in time, and each set of such subframes is repeated following a configured periodicity. 

· The subframes within a radio frame used to transmit NB-SIB1 are either fixed in the specifications to one of the non-MBSFN configurable subframes, or, alternatively, the subframes are indicated directly via the NB-MIB.

· It is recommended to send an LS to RAN2 WG requesting RAN2 to provide guidance on the range of TBS values for NB-SIB1 as well as the expected modification period for NB-SIB1.

Observation 1:

· Paging transmission mechanism and determination of coverage class of the UE may be determined based on identification of NB-IoT UEs as stationary or mobile.
Proposal 3:

· RAN1 to discuss further on whether direct transmission of paging records over NB-PDCCH or NB-PDSCH may be feasible for NB-IoT.
· Consider sending an LS to RAN2 requesting RAN2 to confirm the feasibility of identification of NB-IoT UEs as stationary or mobile and on the potential multiplexing requirements of paging records in a single NB-PDSCH TB.
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