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1 Introduction

At the last RAN1 #84 meeting, multi-carrier operation for NB-IoT was agreed.
	For the in-band, guard-band and standalone deployments

· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· Details for the location(s) of the different PRB are FFS 
· Particularly whether or not to allow in-band to guard-band and vice versa

· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 


Accordingly, there may be NB-IoT carriers that do not transmit NB-PSS/SSS, NB-PBCH and SIB transmissions. At the same time, RAN2 has agreed the following definition of inter-frequency measurements.

	NOTE: "Inter-frequency" denotes a scenario where there is more than one cell on different 180 kHz NB carrier, regardless other character of the deployment. FFS if this definition needs to be updated if RAN1 introduces frequency hopping etc. 




This contribution clarifies our understanding of inter-frequency measurements in the scope of NB-IoT multi-carrier operation.
Furthermore, RAN1 agreed at the last NB-IoT ad-hoc meeting that periodic CSI is not supported in Rel-13 NB-IoT.
	Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT


Hence, one remaining question is whether aperiodic CSI (A-CSI) should be supported in Rel. 13. This contribution addresses those two aspects in more detail.

2 Inter-frequency measurements for NB-IoT multi-carrier operation
According to the agreements at the last RAN1 meeting, an NB-IoT UE except for the case of standalone deployments only expects NB-PSS/SSS in a subset of PRBs satisfying certain conditions. For in-band deployments, for example, these LTE PRBs are depicted in Table 1.
Table 1: LTE PRB indices for NB-PSS/SSS transmission
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In LTE, on the other hand, PSS/SSS and/or DRS are defined for both primary and secondary cells/carriers and the determination of PCell and SCell is by RRC configuration only, i.e., not in L1. In other words, from an L1 perspective, a UE cannot distinguish a primary component carrier (PCC) from a secondary component carrier (SCC). Note that PCC and SCC are UE-specific terminologies but, by network implementation, they can be cell-specific, e.g., by configuring all UEs with only PCells or SCells on a PCC and SCC respectively and by barring UEs from camping on the latter. In such a configuration, the situation is similar to NB-IoT multi-carrier operation whereby RRC connection setup can only be performed on PCCs and UEs can be configured to receive unicast transmissions on a separate RRC-configured SCC. The difference, however, is that even on such a “cell-specific SCC” the LTE UE can still expect PSS/SSS. In fact, the PBCH is transmitted even though no UE would actually have to receive it. Hence, the LTE UE performs the cell search procedure identically on both PCCs and SCCs and there is no distinction between the two. Moreover, a UE can perform inter-frequency measurements on a secondary component carrier in RRC_IDLE mode by synchronizing to the LTE PSS/SSS and measuring the RSRP on the LTE CRS.
For NB-IoT, in contrast, secondary component carriers, viz., “non-anchor PRBs” or “unicast PRBs,” do not carry NB-PSS/SSS and NB-PBCH. In fact, not to rate match around these has been the main motivation for introducing NB-IoT multi-carrier operation in LTE Rel. 13. As a consequence, unlike LTE, an NB-IoT cell search procedure cannot be performed on a secondary component carriers, viz., “non-anchor PRBs” or “unicast PRBs.” 
LTE provisions clear terminology for the case of carrier aggregation such as the concepts of PCells and SCells as well as that of primary and secondary component carriers. Yet for NB-IoT, the situation seems less clear. The latest drafts of RAN1 specifications (36.201, 36.211, 36.212, 36.213 [1]

 REF _Ref445814750 \r \h 
[2]

 REF _Ref445814752 \r \h 
[3]

 REF _Ref445814754 \r \h 
[4]) make no mention of anchor carriers or PRBs whereas RAN2 is using the terminology in its latest draft CR for 36.300 [5] in Section 7.3a albeit with an editor’s note that this terminology needs to be consistent with RAN1. 
An argument can be made that a “unicast PRB” is a NB-IoT cell just like an LTE SCell is a cell even if UEs cannot camp on the associated SCC, e.g., by cell barring. At the same time, an argument can be made that it is not a cell, for instance, unlike in LTE, no NB-PSS/SSS or NB-PBCH are transmitted, i.e., the “cell” cannot be found by a cell search procedure. 

For the finalization of NB-IoT specifications, it is necessary to agree on unambiguous terminology. From a RAN1 perspective, we don’t think the terminology on anchor and non-anchor PRBs is required. Moreover, definition of primary NB-IoT carriers (i.e., those carrying NB-PSS/SSS and NB-PBCH) and secondary NB-IoT carriers (i.e., those being configured by UE-specific RRC configuration for unicast transmission) may be beneficial for ease of specification. On the one hand, this could be left to the editors of the respective specifications. At the same time, such terminology naturally arises from Rel. 10 CA specifications whereas that of anchor and non-anchor carriers has no precedence in RAN1. As to whether additional nomenclature is needed, e.g., to discern PCells and SCells, we think it may suffice to just introduce the concept of primary and secondary NB-IoT carriers. For example, an LTE SCell can be found by a cell search procedure and a UE can perform measurements on an LTE SCell. For a “cell” on a secondary (i.e., “non-anchor”) NB-IoT carrier neither applies. Hence, the usage of “SCell” may not be justified or even necessary. 

Observation 1: There is no need to define anchor and non-anchor PRBs/carriers in 3GPP specifications.

Proposal 1: If a distinction between NB-IoT carriers with and without NB-PSS/SSS and NB-PBCH is desirable, e.g., from an editorial perspective, it is preferred to reuse existing LTE nomenclature, i.e., primary and secondary carrier rather than anchor and non-anchor carrier.

3 Channel state information reporting for NB-IoT
It was already agreed that periodic CSI reporting is not supported in this release of NB-IoT. There have been, however, discussions as to whether aperiodic, i.e., triggered CSI reporting is needed for low-cost low-complexity NB-IoT UEs. RAN2 has already agreed not to support measurement reporting in RRC_CONNECTED mode. In fact, RAN2 has agreed that there can be UEs that do not even support RRC reconfigurations. This is because the prevalent traffic models for which NB-IoT has been designed assume short sessions of asynchronous, i.e., UL dominant, data of small payloads. With such argumentation in mind, a consistent design of physical layer measurements for NB-IoT would follow suit by not introducing L1 measurement reporting such as CSI feedback. Hence, in our view, aperiodic CSI feedback is not needed. In the event that the link quality changes drastically, this can be handled via initiating a random access procedure or even a radio link failure. In case the channel conditions change more gradually, the eNodeB can use HARQ ACK/NACK information in response to NB-PDSCH transmissions as well as uplink measurements such as received signal quality of UL transmissions from NB-IoT UEs to adapt the transmission characteristics accordingly. 

In addition to consideration of the typical traffic models assumed for Rel. 13 NB-IoT, which question the usefulness of CSI already, it is also arguable whether CSI reporting is well aligned with the objective of the NB-IoT work item description. Note that throughout the NB-IoT specification effort, emphasis was given to low-complexity low-power solutions and it was generally avoided to optimize for UEs in good coverage, e.g., to harness marginal gains in latency or throughput at the expense of increased complexity and specification effort. For example, such CSI computations would potentially incur significant UE power consumption due to long measurement durations in addition to the questionable accuracy of such measurements in poor coverage conditions. Lastly, additional specification efforts at this late stage of the WI may jeopardize timely conclusion of NB-IoT features at the next and final RAN1 meeting and later, during implementation, result in higher device complexity. In light of the above, and for a consistent design paradigm regarding all NB-IoT features, we do not see a need to support aperiodic CSI reporting at least in this release of NB-IoT.
Observation 2: The typical traffic models assumed for Rel. 13 NB-IoT do not necessitate support of CSI feedback.
Proposal 2: Aperiodic CSI reporting is not supported in Rel. 13 
4 Conclusion

In this contribution, we clarified our understanding of the definition of inter-frequency measurements in the scope of NB-IoT multi-carrier operation and made the following recommendation:
Observation 1: From an RRM measurement perspective, there is no need to define anchor and non-anchor PRBs/carriers in 3GPP specifications.

Proposal 1: If a distinction between NB-IoT carriers with and without NB-PSS/SSS and NB-PBCH is desirable, e.g., from a RRC configuration perspective, it is preferred to reuse existing LTE nomenclature, i.e., primary and secondary carrier rather than anchor and non-anchor carrier.

We also discussed the need for aperiodic CSI reporting in Rel. 13 and arrived at the following proposal: 
Observation 2: The typical traffic models assumed for Rel. 13 NB-IoT do not necessitate support of CSI feedback.
Proposal 2: Aperiodic CSI reporting is not supported in Rel. 13 
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