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Discussion and decision
1 Introduction

This contribution provides an overview on key general aspects important for RAN2 to obtain a common baseline understanding in order to start in the design of the NarrowBand Internet of Things (NB-IOT) feature. The discussion is based on the NB-IOT requirements described in the WID [1], the NB-IOT scenarios and L2/L3 analysis provided as part of TR 45. 820 [2] and submitted the contribution [3]. It also considers the outcome of the Rel-13 ongoing WI on "Further LTE Physical Layer Enhancements for MTC"[4], herein denoted as Rel-13 LC/EC, referring to the specification work to define a new Rel-13 low complexity (LC) UE category and UEs operating in enhanced coverage (EC).
The normative phase of this WI aims to define a single clean-slate (CS) solution, based on LTE but that might not backward compatible, to address specific cellular internet of things (C-IoT) requirements, such as, improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture.
The NB-IOT feature should also support 3 modes of operation: 

Mode 1. NB-IOT as a stand-alone deployment, e.g. by re-using one or more GSM carriers.
Mode 2. NB-IOT deployed in guard band of an LTE carrier.
Mode 3. NB-IOT deployed in in-band operation within a normal LTE carrier.
2 Discussion
2.1 NB-IOT mode of operations
NB-IOT feature will be evaluated by RAN1 to meet the requirements associated with each of the three modes described above. The objective is to define a CS solution that maximizes the commonality for the three modes while also allowing some differences to get the benefit offered by that particular mode of operation (e.g. the frequency hopping), or to account for aspects that might be different between the modes (e.g. the starting symbols in a subframe). Taking the example of a NB region, the following considerations might be discussed:
· For UE side, only a single NB region is used per subframe, and whether the NB region is allocated in same or different frequencies over time might depend on the NB-IOT mode of operation and/or network configuration and/or UE capabilities.
· For NW side, more than one NB region might be used per subframe depending on the NB-IOT mode of operation and/or network configuration, in order to increase network capacity and efficiency e.g. different NB regions might be used between broadcast and unicast transmission, or just between unicast of same or different UEs aiming to simplify the overall complexity while optimizing the network capacity.
Proposal 1. To agree that NB-IOT feature aims to define similar, if not the same, solutions for the 3 modes of operation (i.e. standalone, guard band and in-band), although specific techniques/behaviours, that are beneficial or needed for a given mode, could also be considered. More details are FFS until RAN1 progresses in the corresponding PHY layer design.
2.2 NB-IOT tranmission techniques
NB-IOT feature aims to allow efficient data transmission in NB region, i.e. without generating too much signaling overhead, and to provide the means to increase legacy LTE/GSM target MCL level to at least 164dB. In high level, RAN1 is considering the following data transmission schemes. Since it may affect data handling in L2/L3, it is worthwhile to understand.

L1-based technique (1) TB (MAC PDU) is transmitted over longer TTI >1ms. A TB gets split into multiple subframes, N, as shown in the top right diagram of Figure 1. This option (1) is considered due to the reduced frequency resource to one PRB, and the exchange of "IOT large" TB i.e. data that requires more than one PRB, although the actual amount is still below a maximum low throughput value - details up to RAN1 decision - this value might be similar to the 1000bits maximum threshold agreed for Rel-13 LC/EC system. The motivation of this technique (1) is to avoid having additional upper layer overhead, aiming that TBS to have a single MAC/RLC header and CRC even though more than one PRB is required. Furthermore, this technique (1) would be applied for both DL and UL independently, i.e. different values of N for DL and UL, and the N might be defined by RAN1 as a fixed, semi-static or dynamic value. On the other hand, RAN2 may provide their input based on the foreseen impacts; our preference is to define the number of subframes used to transmit the "IOT large" TBS, as a fixed or, at least, semi-static value configured through specification and/or configured through signaling to reduce UE complexity.
L1-based technique (2) TB is repeated over time. A TB is sent once and later repeated over time by the L1, in order to get the desired increased of the coverage levels, as shown in the bottom left diagram of Figure 1. This technique (2) is similar to the Rel-13 EC with the difference that some cases, it is also used in conjunction to technique (1), as shown in the bottom right diagram of Figure 1.
Proposal 2. To take as a baseline assumption for RAN2 NB-IOT design that the following L1-based techniques are used to transmit a L2 data (i.e. transport block, TB): (1) longer TTI, in which L1 splits a TB over multiple subframes, and (2) repeated TB, in which L1 repeats the TB transmission multiple times. If so, ask for confirmation and further details on the actual design are up to RAN1.
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Figure 1. Exemplary IOT use cases with large/small TBS with technique (1) and (2) 
2.3 NB-IOT coverage
NB-IOT feature is defined to target larger or enhanced coverage than legacy LTE and GSM (MCL 164dB), therefore the concept of enhanced coverage (EC) levels is still applicable as in Rel-13 LC/EC. On the other hand, it might be important to discuss whether any network supporting NB-IOT needs to always target the same maximum coverage, which would account for the target maximum EC level, or not. Having the same maximum coverage level across all network might help simplifying UE procedures, e.g. for cell reselection, and even network side, e.g. for paging. On the other hand, irrespective of whether or not the target NB-IOT coverage level is a common value in the network, some coverage level differentiations might still be beneficial in some procedures, such as, RACH or paging in order to optimize the signaling overhead i.e. depending on the UE coverage level, the amount of repetitions used for the transmission of a message might be different.
Proposal 3. To agree on the baseline assumption that NB-IOT RAN nodes support same target MCL, i.e. maximum coverage level (which would already be increased vs legacy LTE and GSM one) and ask RAN1 confirmation on this.
Proposal 4. To agree that the differentiation of coverage level is still beneficial in order to minimize the repetitions required; details might need RAN1/4 input.
2.4 NB-IOT radio bearers
The usage of SRB2 and more than one DRB was described as not needed based on the requirements of NB-IOT deployments; and further discussion might be also considered on the applicability and/or changes even for the SRB0/1 and single DRB. The question is whether and how QoS is applicable and whether simplification of QoS concept is needed. This might require further study, however, due to the overlapping SA2 ongoing discussion on the signaling reduction for small data transmission, RAN2 should wait on this aspect until SA2 provides inputs.
Proposal 5. To agree that SRB2 and more than one DRB are not supported for NB-IOT deployment, understanding that if only one DRB is assumed, GBR is not supported (based on legacy LTE operation).
2.5 NB-IOT L2/L3 specification
The common preference is to minimize duplication and dependencies when specifying NB-IOT feature. NB-IOT, as previously explained, reuses and aims to simplify LTE specification using Rel-13 LC/EC agreements as a baseline. Therefore, it could be agreed as a baseline to use legacy specification unless major differences are found or concerns raised.
Proposal 6. To agree, that the NB-IOT feature, from L2/L3 point of view, is a simplification of LTE specification with commonality in some of the mechanisms, procedural text and parameters; and the L2/L3 agreements for Rel-13 LC/EC are taken as baseline assumptions until issues or concerns are identified.
Proposal 7. To agree, as a baseline, that NB-IOT feature is defined in same LTE specification to minimize the maintenance effort of the specification unless major differences or concerns are identified.
2.6 NB-IOT mobility 
The common key usage of NB-IOT feature targets stationary UE, which would allow us not to consider some of the legacy LTE procedures, such as handover, and to simplify or change others, such as cell (re)selection.
Proposal 8. To agree that, for NB-IOT feature, a UE in connected mode does not need to support mobility procedures aiming to reduce UE complexity and UE power consumption.
Proposal 9. To agree that, for NB-IOT feature, a UE in idle mode might need some minimal support of mobility procedures, therefore changes and simplifications to legacy cell selection and reselection need to be further discussed aiming to reduce UE complexity and power consumption
3 Conclusion
This contribution provides an overview on key general aspects important for RAN2 to obtain a common baseline understanding in order to start in the design of the NarrowBand Internet of Things (NB-IOT) feature, and the corresponding proposals are listed below:
Proposal 1. To agree that NB-IOT feature aims to define similar, if not the same, solutions for the 3 modes of operation (i.e. standalone, guard band and in-band), although specific techniques/behaviours, that are beneficial or needed for a given mode, could also be considered. More details are FFS until RAN1 progresses in the corresponding PHY layer design.
Proposal 2. To take as a baseline assumption for RAN2 NB-IOT design that the following L1-based techniques are used to transmit a L2 data (i.e. transport block, TB): (1) longer TTI, in which L1 splits a TB over multiple subframes, and (2) repeated TB, in which L1 repeats the TB transmission multiple times. If so, ask for confirmation and further details on the actual design are up to RAN1.
Proposal 3. To agree on the baseline assumption that NB-IOT RAN nodes support same target MCL, i.e. maximum coverage level (which would already be increased vs legacy LTE and GSM one) and ask RAN1 confirmation on this.
Proposal 4. To agree that the differentiation of coverage level is still beneficial in order to minimize the repetitions required; details might need RAN1/4 input.
Proposal 5. To agree that SRB2 and more than one DRB are not supported for NB-IOT deployment, understanding that if only one DRB is assumed, GBR is not supported (based on legacy LTE operation).
Proposal 6. To agree, that the NB-IOT feature, from L2/L3 point of view, is a simplification of LTE specification with commonality in some of the mechanisms, procedural text and parameters; and the L2/L3 agreements for Rel-13 LC/EC are taken as baseline assumptions until issues or concerns are identified.
Proposal 7. To agree, as a baseline, that NB-IOT feature is defined in same LTE specification to minimize the maintenance effort of the specification unless major differences or concerns are identified.
Proposal 8. To agree that, for NB-IOT feature, a UE in connected mode does not need to support mobility procedures aiming to reduce UE complexity and UE power consumption.
Proposal 9. To agree that, for NB-IOT feature, a UE in idle mode might need some minimal support of mobility procedures, therefore changes and simplifications to legacy cell selection and reselection need to be further discussed aiming to reduce UE complexity and power consumption
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