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Discussion and decision
1 Introduction

This contribution discusses the initial impacts on paging mechanism in order to enable NB-IOT feature, taking into consideration the general aspects described in [1], as well as, the paging related agreements approved as part of Rel-13 ongoing WI on "Further LTE Physical Layer Enhancements for MTC", herein denoted as Rel-13 LC/EC WI discussion [2], referring to the specification work to define a new Rel-13 low complexity (LC) UE category and UEs operating in enhanced coverage (EC).

2 Discussion
From L2/L3 point of view, there is a lot of similarities with Rel-13 LC/EC design, understanding that this new NB-IOT feature also introduces requirements that would allow further L2/L3 simplification and potentially even some additional changes.. However, the understanding is that overall the paging related agreements approved for Rel-13 LC/EC could be agreed, at least, as initial baseline for NB-IOT design if no concerns are identified. Annex A contains the SI related agreements since RAN2#89 meeting. The following portion focusses on aspects that might require some changes or further discussion based on specific NB-IOT requirements and modes of operation supported.
Proposal 1. To agree that Rel-13 LC/EC agreements in paging are also applicable to NB-IOT (see Annex A).
Our understanding is that paging mechanism might be potentially changed understanding that NB-IOT requirements mainly targets stationary use case. Therefore, it might be desirable to discuss the benefit of not allowing a UE to change EC level while being in idle, motivated by the following aspects:

· Simplification of the signaling required to page those NB-IOT UEs, as network might not require to assume maximum target EC level unless the UE was in it before being released.
· Improvement of the UE power consumption, as UE might not need to measure and re-evaluate neighboring cells as frequently and the required number of paging message transmissions would be known beforehand based on the EC level while being in connected.
· Not having concerns on the reliability of the UE RSRP measurements in deep EC.
Proposal 2. To agree that a NB-IOT UE does not change EC level while being in idle mode for simplicity and also considering the infrequent mobility (i.e. UE in idle mode does not change EC level without network knowledge). If agreed, to further discuss if protocol optimizations are needed for a UE in idle mode to indicate a change of EC level e.g. due to channel conditions not related to mobility per se.
Proposal 3. To agree that NB-IOT paging differentiates between NB-IOT UEs in different EC levels. Details are FFS, however, if it is possible, maximum commonality with legacy paging mechanism is preferred.
NB-IOT feature is considering 3 modes of operation such as stand-alone, guard and in-band, as per [1]. The understanding is that for those modes of operation one or more NB regions might be used by the network (final decision to be concluded by RAN1 on this), however the UE would only use one NB at a given time. In addition, the Rel-13 LC/EC agreement that unicast and broadcast reception in parallel is not supported by UEs, would also be applicable for NB-IOT UEs. 
Proposal 4. RAN2 to further discuss if DL transmission in multiple NB regions for paging is supported by the network for NB-IOT feature, understanding that a NB-IOT UE only uses a single NB region at a given time and does not support parallel reception (for broadcast and unicast transmissions, or for multiple broadcast transmissions).    
3 Conclusion
This contribution discusses the initial impacts on paging mechanism in order to enable NB-IOT feature and the corresponding proposals are listed below:
Proposal 5. To agree that Rel-13 LC/EC agreements in paging are also applicable to NB-IOT (see Annex A).
Proposal 6. To agree that a NB-IOT UE does not change EC level while being in idle mode for simplicity and also considering the infrequent mobility (i.e. UE in idle mode does not change EC level without network knowledge). If agreed, to further discuss if protocol optimizations are needed for a UE in idle mode to indicate a change of EC level e.g. due to channel conditions not related to mobility per se.
Proposal 7. To agree that NB-IOT paging differentiates between NB-IOT UEs in different EC levels. Details are FFS, however, if it is possible, maximum commonality with legacy paging mechanism is preferred.
Proposal 8. RAN2 to further discuss if DL transmission in multiple NB regions for paging is supported by the network for NB-IOT feature, understanding that a NB-IOT UE only uses a single NB region at a given time and does not support parallel reception (for broadcast and unicast transmissions, or for multiple broadcast transmissions).    
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5 Annex A

Paging related agreements as part of Rel-13 ongoing WI on "Further LTE Physical Layer Enhancements for MTC"[2], herein referred as Rel-13 LC/EC, due to the specification work to define a new Rel-13 low complexity (LC) UE category and UEs operating in enhanced coverage (EC).
RAN2#89

1
Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.
3
For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 
6
Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

6a
For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.
7
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.
8
The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)
9
Inform RAN1, RAN3, SA2, and CT1 about the discussion above.
RAN2#89bis
RAN2#90
RAN2#91
1
The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information

2
For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

3
RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.

FFS: Think more about….

A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …

a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 

b) legacy paging if the NW expects the UE to be in normal coverage

5
A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

6
Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

7
Repetitions pattern in both time and frequency should be determined and specified by RAN1.

8
As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.
