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Discussion and decision
1 Introduction

This contribution addresses RAN2 remaining open aspects to enable paging mechanism in NB-IoT design.
2 Discussion

2.1 UE coverage level behavior expected for paging
During MTC/IoT discussion, in the context of stationary MTC/IoT UEs deployed in fixed locations where its signal strength might be poor, the concern was raised of how to minimize the power consumption due to unnecessary activities, such as, taking measurements (as in order to get a reliable estimation multiple measurements would be required each time), or decoding paging (as the UE might need to combine all repetitions sent of paging message if it cannot estimate its CE level). The SA2 TR 23.720 [3] also describes a similar use case suggesting to also differentiate two kinds of UE. We propose to also differentiate two kinds of configuration for NB-IOT UEs taking into consideration the following implication: 

· NB-IoT UE with no fixed location, which is defined as a NB-IOT UE configured to dynamically change coverage level for paging in idle mode. This UE behaves similarly to eMTC and legacy one, i.e. 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 camp in the best cell. This dynamic coverage level could be understood as the default configuration.

· NB-IoT UE with fixed location, which is defined as a NB-IOT UE configured to use a semi-static coverage level for paging in idle mode. This UE is 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. The mechanism to indicate the coverage level to be used for these UEs could be further discussed after RAN2 agrees on this classification. 
Proposal 1. To agree that NB-IOT UEs that have fixed location can be differentiated or known by the network e.g MME based on subscription information or UE capability.

The following proposals 2-3 assume that proposal 1 above is agreed, in addition, the following proposal 2 suggest the same behaviour as it was defined for paging in eMTC or legacy.

Proposal 2. If proposal 1 is agreed, to define that a NB-IOT UE with no fixed location, is configured to use dynamic coverage level for paging in the idle mode (similarly to eMTC), considering the following:

Proposal 2.1. NB-IOT UE, applies cell reselection mechanism trying to camp in the best cell available.
Proposal 2.2. Paging is sent by the network without the network having reliable knowledge of the UEs coverage level. It implies that the network implementation might employ progressive paging strategy in order to ensure reachability of the UE.
Proposal 2.3. It is acceptable for a UE to receive paging based only on its current coverage level, assuming that UE can get a reliable estimation of its current coverage level (with final decision pending to RAN4 confirmation).
Proposal 3. If proposal 1 is agreed, to define that a NB-IOT UE with fixed location, is configured to use semi-static coverage level for paging in the idle mode, considering the following.
Proposal 3.1. NB-IOT UE with fixed location, when in idle mode, is expected to only camp in the cell where it was previously connected (i.e. no cell reselection mechanism is required by the UE while in idle mode).

Proposal 3.2. NB-IOT UE 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). FFS details on how the UE gets the coverage level to be used.

Proposal 3.3. NB-IOT UE with fixed location might not be reachable for paging if there is any un-expected change of condition until they need to get back connected for MO data or signaling, in which case cell reselection might be done, if it is needed. 
Proposal 3.4. Paging in terms of repetition pattern in both time and potentially frequency domain, might be determined by the network based on the configured semi-static coverage level.
For the NB-IoT paging mechanism, CN node would provide to RAN node in NB-IoT information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, as per RAN2#92 agreement. In addition, it would be helpful for the network to know whether a UE is configured to change or not the coverage level while in idle mode i.e. semi-static vs dynamic coverage level configuration; e.g. if the UE is configured with semi-static change of coverage level, the MME would only send the S1-AP message to the last RAN node and the RAN node would also know that the UE expects to only be paged with the specific coverage level.
2.2 Paging occasions calculation and narrowband selection
In LTE, the paging occasion is calculated based on UE ID and the system frame number as specified in 36.304. 

In eMTC, the same calculation based on UE_ID and system frame number has been agreed for the short DRX case and the minimum duration between 2 paging occasions is based on the maximum number of repetitions required to page UEs in one paging occasion in a cell that supports EC (i.e. the paging occasion is calculated independent of the coverage level).

In NB-IOT[1], it is agreed that:

The paging occasions to monitor paging message are determined by using UE ID and Frame Number. Whether other parameters are needed is FFS.
There is no need for further parameters (e.g. coverage level etc.) to determine the paging occasion of a UE. Including other parameters (e.g. coverage level) in determining the paging occasions may result in a less even distribution of UEs between paging occasions compared to just using UE ID. Some paging occasions, with a greater concentration of UEs, will experience increased probability of blocking and false paging (if PDCCH with P-RNTI is used, false paging refers to the UE decoding the PDCCH when it is not actually paged). The calculation for paging occasion based on UE ID and frame number (i.e. legacy LTE behaviour) can be used for determining the paging occasion in the normal coverage case or the starting position of the paging occasion in the enhanced coverage case.  Furthermore, in the enhanced coverage case, the number of subframes between 2 paging occasions allowing for maximum repetition supported by the cell. 

Proposal 4. For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UE’s coverage level (i.e. the number of subframes between 2 paging occasions allows for maximum repetition supported by the cell). Legacy LTE paging occasion calculation can be used for determining the paging occasion or the starting position of the paging occasion in the case of coverage enhancement.
Our understanding is that RAN 1 is still discussing whether there will be multiple narrowband carriers for the paging in some of the operation of deployment (e.g. the paging is sent on an “anchor” carrier where PSS/SSS, PBCH and SI are transmitted, paging can be sent on other narrow carriers other than the “anchor” carrier etc.).  Multiple narrowband carriers for paging may reduce the paging blocking probability and false paging. However, since the configuration on multiple NB carriers needs to be indicated in the SIB, there were some concerns that it may result in additional SIB updates for all UEs if the eNB changes the narrowband carriers for paging frequently (e.g. a few times during a day). If multiple narrowband carriers for paging are supported, like in eMTC, the selection of the narrowband regions can be based on simply the UE_ID as for the paging occasion (e.g.I_ue = UE_ID mod N where N is the number of narrowband regions configured by the cell for paging). The UE selects one of the narrowband regions to monitor its paging occasions.

Proposal 5. If multiple narrowband carriers for paging are supported, the UE selects one of the narrowband regions to monitor its paging occasion. The selection of the narrowband regions can be based on the UE ID (e.g. Narrowband region to monitor for a UE = UD_ID mode N hwre N is the number of narrowband regions configured by the cell).

2.3 PDCCH vs PDCCHless for paging
In eMTC, there are the following options:
1. PDCCH with PDSCH message for paging

2. Only PDSCH message for paging

3. PDCCH only

Option 1 is like in eMTC where the PDCCH carries the DCI for the decoding the PDSCH message for paging. The DCI contains the TBS and the repetition value for the PDSCH

For Option 2 and 3 (‘direct’ option), the UE blind decodes the paging message directly.

Option 1 allows for variable paging message size and is beneficial if multiplexing of paging records is supported and the multiplexing size can vary from paging occasion to paging occasion.
The ‘direct’ option is beneficial if the paging message size is fixed (e.g. either 1 or the number of paging records in a paging message is the same from paging occasion to paging occasion)
NB-IOT traffic is expected to be infrequent. Hence the need to multiplex paging records in a paging message may not be necessary. 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. 

Hence it is requested that RAN 2 discuss whether multiplexing of paging records are required for NB-IOT.
Proposal 6. RAN 2 to discuss whether multiplexing of paging records are required for NBIOT.

3 Conclusion

This contributions analyses open aspects related to paging for NB-IoT design and proposes the following:
Proposal 1.
To agree that NB-IOT UEs that have fixed location can be differentiated or known by the network e.g MME based on subscription information or UE capability.
Proposal 2.
If proposal 1 is agreed, to define that a NB-IOT UE with no fixed location, is configured to use dynamic coverage level for paging in the idle mode (similarly to eMTC), considering the following:
Proposal 2.1.
NB-IOT UE, applies cell reselection mechanism trying to camp in the best cell available.
Proposal 2.2.
Paging is sent by the network without the network having reliable knowledge of the UEs coverage level. It implies that the network implementation might employ progressive paging strategy in order to ensure reachability of the UE.
Proposal 2.3.
It is acceptable for a UE to receive paging based only on its current coverage level, assuming that UE can get a reliable estimation of its current coverage level (with final decision pending to RAN4 confirmation).
Proposal 3.
If proposal 1 is agreed, to define that a NB-IOT UE with fixed location, is configured to use semi-static coverage level for paging in the idle mode, considering the following.
Proposal 3.1.
NB-IOT UE with fixed location, when in idle mode, is expected to only camp in the cell where it was previously connected (i.e. no cell reselection mechanism is required by the UE while in idle mode).
Proposal 3.2.
NB-IOT UE 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). FFS details on how the UE gets the coverage level to be used.
Proposal 3.3.
NB-IOT UE with fixed location might not be reachable for paging if there is any un-expected change of condition until they need to get back connected for MO data or signaling, in which case cell reselection might be done, if it is needed.
Proposal 3.4.
Paging in terms of repetition pattern in both time and potentially frequency domain, might be determined by the network based on the configured semi-static coverage level.
Proposal 5.
If multiple narrowband carriers for paging are supported, the UE selects one of the narrowband regions to monitor its paging occasion. The selection of the narrowband regions can be based on the UE ID (e.g. Narrowband region to monitor for a UE = UD_ID mode N hwre N is the number of narrowband regions configured by the cell).
Proposal 6.
RAN 2 to discuss whether multiplexing of paging records are required for NBIOT.
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