3GPP TSG-RAN WG2 NB-IoT AH



R2-160413
Budapest, Hungary, Jan. 19 – 21, 2016
Source: 
ZTE

Title: 
Analysis for Load Distribution in NB-IoT
Agenda item:
5.4.2
Document for: Discussion and Decision

1 Introduction
The Idle mode mobility was discussed in RAN2#92, and the following agreements were made [1]:
· We will have a method for inter-frequency load distribution (quite static). Details FFS. 
In this contribution, inter-frequency load distribution is discussed further.
2 Discussion
Load distribution among multiple frequencies in NB-IoT should be performed both by UE distribution in idle mode and by traffic distribution in RRC_CONNECTED mode. 
UE distribution in idle mode can provide a basic redistribution function which can guide UEs to send initial RACH preambles on different frequencies and then reduce problems with insufficient RACH or paging capacity. But it has some limitations:

1. It’s hard to guarantee evenly distributed UEs among multiple carriers.
Cell selection and reselection is the main way to distribute UEs among multiple frequencies in idle mode. Cell selection and reselection mechanism define a common behaviour for all UEs and then it’s difficult to distribute UEs evenly among multiple carriers.
2. It cannot consider different UE characteristics to distribute UEs. 
For example, in NB-IoT, the UE coverage level is an important factor to decide QoS and UE resource utilization and a lower frequency band can provide a better coverage level. Taking into consideration QoS and UE resource situation, etc., it may be desirable that UEs with lower coverage level are carried on a lower frequency band, but cell selection and reselection method cannot differentiate UEs coverage levels to distribute UEs.
Traffic distribution in RRC_CONNECTED mode can guarantee evenly distributed UEs among multiple carriers and take into account different UE characteristics to distribute UEs. But it has other limitations:

1. Paging capacity or RACH capacity may be insufficient if all idle UEs camp on the same frequency.

Observation 1: Load distribution among multiple frequencies in NB-IoT should be performed both by UE distribution in idle mode and by traffic distribution in RRC_CONNECTED mode.
Here the feasible ways for NB-IoT inter-frequency load distribution are analysed. 
2.1 UE Distribution in Idle Mode

There are three main methods to distribute UEs among multiple frequencies: priority-based cell reselection, frequency offset based cell reselection and MCLD introduced in 3GPP Release 13.
2.1.1 Priority-based Cell Reselection

In the current cell reselection method specified in [2] and [3], use of per carrier priority value has a big impact on the idle traffic loading among multiple carriers. If the priority-based cell reselection is used, and the priority value of the target carrier is higher than the priority value of current serving carrier, most idle UEs on the serving carrier will reselect the target carrier as long as the target carrier’s link condition is good enough. Otherwise, all the idle UEs will stay with the serving carrier. This on/off idle loading control issue can provide the basic redistribution function, but it’s hard to guarantee UEs evenly distributed among multiple carriers.
Observation 2: Priority-based cell reselection can provide the basic redistribution function, but it’s hard to guarantee UEs evenly distributed among multiple carriers.
2.1.2 Frequency Offset-based Cell Reselection

In the current cell reselection method specified in [2] and [3], use of per frequency offset value also has a big impact on the idle traffic loading among multiple carriers. If the frequency offset based cell reselection is used, for the carriers with the same frequency priority, if the Qoffsetfrequency value of the target carrier is higher than the Qoffsetfrequency value of current serving carrier plus QHyst, most idle UEs on the serving carrier will reselect the target carrier as long as the target carrier’s link condition is good enough. Otherwise, all the idle UEs will stay with the serving carrier. Furthermore, this method needs more UE power consumption than priority-based cell reselection. In fact:

· To redistribute UEs to another frequency by priority-based cell reselection, only the cells of the target frequency with higher frequency priority should be measured before the cell of the frequency is selected.
· To redistribute UEs to another frequency by frequency offset-based cell reselection, all cells of all frequencies should be measured before the cell of the frequency with higher frequency offset is selected.
So, frequency offset-based cell reselection has the same effect as priority-based cell reselection to distribute UEs among multiple carriers, but needs more UE power consumption than priority-based cell reselection.
Observation 3: Frequency offset-based cell reselection has the same effect as frequency priority-based cell reselection to distribute UEs among multiple carriers, but needs more UE power consumption than priority-based cell reselection.
2.1.3 MCLD Introduced in 3GPP Release 13
In 3GPP Release 13, MCLD is introduced in [4] and [5] to distribute UEs among multiple frequencies based on redistribution factor and UE IMSI: the UE selects its target redistribution frequency/cell by comparing its IMSI mod 100 value with the redistribution range derived from the redistribution factor and considers it as the highest priority. This method can distribute UEs among multiple frequencies better than priority-based cell reselection or frequency offset-based cell reselection. But it is implemented by altering the frequency priority for certain UEs, so it is more complex than priority-based cell reselection and relies on priority-based cell reselection. 
Observation 4: MCLD introduced in 3GPP Release 13 can distribute UEs among multiple frequencies better than priority-based cell reselection, but it is more complex than priority-based cell reselection and relies on priority-based cell reselection.
Proposal 1: Priority-based cell reselection should be supported in NB-IOT as the way for UE distribution in idle mode.
2.2 Traffic Distribution in RRC_CONNECTED Mode
2.2.1 RRCConnectionRelease with RedirectedCarrierInfo
In the current E-UTRAN, inter-frequency redirection can only be performed by the RRCConnectionRelease message. For NB-IoT UEs with long time between the RRCConnectionRelease and RRCConnectionSetup, inter-frequency cell reselection may be performed based on UE distribution mechanisms in idle mode. If UE distribution mechanisms in idle mode are not used, UE distribution among multiple carriers will be very slow or signalling overhead will be huge since every UE redistribution needs one RRC connection setup and release process. Furthermore, traffic load of multiple carriers may change between the RRCConnectionRelease and RRCConnectionSetup for NB-IoT UEs with long idle state; hence load distribution done based on the traffic load of multiple carriers at the last RRC connection release might not be accurate.
Inter-frequency redirection could be performed in the RRCConnectionResume message introduced in Solution 18 of NB-IoT[6], but it has the same problem as RRCConnectionRelease to redistribute UEs among multiple carriers.
Observation 5:  Inter-frequency redirection performed in the RRC connection release is not a perfect solution for load distribution among multiple carriers for the load distribution effect based on it might not be accurate.
2.2.2 Active Handover

In the current E-UTRAN, cell reselection and active handover are two main ways to distribute UEs to different carriers. When the load is unevenly distributed between overlaid cells, a small number of inter-frequency handovers can correct it. Furthermore, inter-frequency handovers can differentiate UEs to suitable carriers. But in RAN2#91bis it was agreed that network controlled handover in RRC_CONNECTED state is not support in NB-IoT[7].
Observation 6:  In the current E-UTRAN, inter-frequency handovers are necessary supplement of cell reselection for load distribution. But in NB-IoT, handover is not supported.
In fact, redirecting UEs to suitable carrier by active handover needs extra handover signalling. Furthermore, the RRC connection duration of NB-IoT is generally short for it’s usually used to transmit and/or receive small data. The RRC connection may then be released before any active handover can be performed. So, active handover is not a good method to redirect UEs to suitable carrier for NB-IoT.
Observation 7:  For NB-IoT, active handover is not a good method to redirect UEs to suitable carrier for it needs extra handover signalling.
2.2.3 RRCConnectionReject with Deprioritisation
In the current E-UTRAN, when the serving cell is overloaded, the eNodeB can send RRCConnectionReject message with Deprioritisation information to trigger the UE to setup an RRC Connection to another carrier. This method can trigger a UE to reselect another carrier, but if multiple carriers can be reselected, which of them is selected is uncertain and the selected one may be not the best suitable one. 
Observation 8: RRCConnectionReject with Deprioritisation is not a good method to redirect UEs to suitable carrier for it could not redirect UEs to the suitable carrier in some cases.

Furthermore, even if the best suitable one is selected, the data transfer is delayed because the first RRC connection is rejected and another RRC connection should be setup again before data transfer can happen. So, RRC Connection Reject with Deprioritisation is not a good method to redirect UEs to a suitable carrier.
Observation 9: RRCConnectionReject with Deprioritisation is not a good method to redirect UEs to suitable carrier for it may lead to delayed data transfer.
2.2.4 RRCConnectionSetup associated Load Distribution
In fact, the RRC connection duration of NB-IoT is generally short for it’s usually used to transmit and/or receive small data. If the RRC connection can be setup on the correct carrier during the RRC setup stage, based on the cells load and UE characteristics, the shortcomings of no active handover in NB-IoT can be overcome. Furthermore, a frequency change associated to the RRCConnectionSetup procedure does not require extra signalling message and it does not affect the service delay. It seems to be a perfect load distribution method in RRC_CONNECTED mode for NB-IoT. Figure 1 shows the load distribution procedure during RRC connection setup stage between two cells with the same coverage in the same eNodeB.
As it can be seen from Figure 1, load distribution procedure during RRC connection setup stage is limited in the same eNodeB and relies on the cell coverage relations. These are not problems in NB-IoT because: 

· Taking into account the CAPEX in NB-IoT network, a single eNodeB is usually used in the same eNodeB site, so the cells to be load distributed are usually located in the same eNodeB.

· For the cells within the same frequency band in the same sector of one eNodeB, the coverage is almost the same, which can be guaranteed by network layout.
· For the cells with different frequency bands in the same sector of one eNodeB, the coverage of the cells with lower frequency band is typically larger than the coverage of the cells with higher frequency band, which can be guaranteed by network layout. Thus, UEs can camp on the cells with higher frequency band while in idle mode and then UEs can be distributed to the cells with lower frequency blindly during the RRC connection setup stage.

So, the load distribution during RRC connection setup stage in the same eNodeB based on the cell coverage relations can deal with most of the load distribution scenarios.
Observation 10: RRCConnectionSetup associated load distribution seems to be a perfect load distribution method for NB-IoT.

Proposal 2: RRCConnectionSetup associated load distribution is supported in NB-IoT as the way to distribute traffic in RRC_CONNECTED mode.
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Figure 1 Load distribution procedure during RRC connection setup stage
3 Conclusion

Based on the above analysis, the following observation and proposal are concluded.

Observation 1: Load distribution among multiple frequencies in NB-IoT should be performed both by UE distribution in idle mode and by traffic distribution in RRC_CONNECTED mode.

Observation 2: Priority-based cell reselection can provide the basic redistribution function, but it’s hard to guarantee UEs evenly distributed among multiple carriers.

Observation 3: Frequency offset-based cell reselection has the same effect as frequency priority-based cell reselection to distribute UEs among multiple carriers, but needs more UE power consumption than priority-based cell reselection.

Observation 4: MCLD introduced in 3GPP Release 13 can distribute UEs among multiple frequencies better than priority-based cell reselection, but it is more complex than priority-based cell reselection and relies on priority-based cell reselection.

Proposal 1: Priority-based cell reselection should be supported in NB-IOT as the way for UE distribution in idle mode.
Observation 5:  Inter-frequency redirection performed in the RRC connection release is not a perfect solution for load distribution among multiple carriers for the load distribution effect based on it might not be accurate.

Observation 6:  In the current E-UTRAN, inter-frequency handovers are necessary supplement of cell reselection for load distribution. But in NB-IoT, handover is not supported.

Observation 7:  For NB-IoT, active handover is not a good method to redirect UE to suitable carrier for it needs extra handover signalling.

Observation 8: RRCConnectionReject with Deprioritisation is not a good method to redirect UEs to suitable carrier for it could not redirect UE to the suitable carrier in some cases.

Observation 9: RRCConnectionReject with Deprioritisation is not a good method to redirect UEs to suitable carrier for it may lead to delayed data transfer.

Observation 10: The load distribution during RRC connection setup stage seems to be a perfect load distribution method for NB-IoT.

Proposal 2: The load distribution during RRC connection setup stage is supported in NB-IoT as the way to distribute traffic in RRC_CONNECTED mode.
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