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1
Introduction

In our contributions [1] and [2] we have presented some ideas how cell reselections and cell reselection criteria (in addition to handovers) could be simplified in heterogeneous networks compared to the UTRA while still providing means to tailor mobility rules differently for different kind of users. In this contribution we present more in practical radio level how these ideas could be utilised in E-UTRA cell reselection criteria and basic improvements that can be inherited from legacy procedures. Additionally also consider measurement rules and reporting related issues in active mode where UE assisted and network controlled handovers are performed.
2
E-UTRA
Measurement Considerations

Both mobility in active and idle mode require the UE to perform cell identification and level measurements of neighbouring and own cell measurements. 

In order to have efficient UE power saving opportunities and minimise the amount of measurement gaps the UE needs for inter-frequency and inter-RAT measurements it is desirable to develop some measurement rules in the E-UTRA specifications. These measurements rules could be utilised at least with some minor modifications both in active and idle state. Below we have listed some ideas how these measurement rules could be developed.
· If the serving cell reference signal power level (RSRP) is above a certain threshold the UE does not need to measure other cells than the serving cell e.g. for allowing additional power saving. This type of measurement rule is defined in UTRA for states where long DRX cycles are used (idle mode, CELL_PCH and URA_PCH). Similar rule could also be defined for E-UTRA. However, it should be noted that from the UE power saving perspective efficient measurement rules for inter-frequency and inter-RAT cell identifications and measurements are likely to be even more important than for intra-frequency measurements. Also a bit more conservatives thresholds need to be set for stopping intra-frequency measurements than for inter-frequency and inter-RAT measurements in order to avoid increased interference issues in frequency reuse = 1 network. With save setting of a threshold value this method could provide some power saving gains to E-UTRA terminals. 
· Criteria E1: If the serving cell reference signal level like measured and filtered RSRP is below a certain threshold UE shall start to measure all intra-frequency cells (or the ones indicated in the neighbour list if that is provided to the UE) unless it is already performing full measurements. This threshold does not need to trigger any measurement report to the network. Instead separate measurement reporting criteria either event triggered or periodical reporting rules could be configured to the UE to support handover preration. (Th_intra)
· Criteria E2:If no intra-frequency cell (typically the serving cell) is above a given threshold and/or the UE has not identified any (new) intra-frequency neighbour cell, the UE shall start to measure cells on indicated inter-frequency/RAT cells (For inter-frequency measurements carrier frequency should be indicated and for inter-RAT measurements neighbour list would need to be provided to the UE) Meeting this criteria E2 may require triggering of a measurement report in RRC-CONNECTED in order for the UE to get needed network gap assistance for the measurementss. (Th_non_intra)
In the UE measurements, measurement reporting and cell reselection criteria simple priority information could also be utilised. Mobility related priority information could e.g. be as follows:

1. UE has been assigned priorities so that E_UTRA frequency 1 is priority 1, LTE frequency 2 is priority 2 and other RAT’s are priority 3.

2. While UE is camped on E-UTRA frequency 1 it does not need to search for any inter-frequency or inter-RAT neighbour cell until Criteria E2 indicate so.
3. If UE is camped on frequency 2 it will perform some periodic inter-frequency measurements/ cell searches for at least the highest priority cells in the E-UTRA frequency 1. Periodicity of inter-frequency measurements for the highest priority cells could be defined solely by UE minimum performance requirements in RAN4 or with some additional signalling indication. The UE would not need to search for Inter-RAT cells before the Criteria E2 indicate so.

So measurement rules including priorities are as follows:

1. If serving cell signal level goes below a certain signal level Th_intra: UE needs to start intra-frequency neighbour cell search/measurements.  In order to avoid constant ping ponging between doing and not doing measurements some kind of time domain hysteresis (like Time to Trigger) should be applied.
2. If the measurement criteria E2 based on threshold Th_non_intra indicate so, the UE needs to start searching/measuring cells on lower priority layers. The UE may search for cells in lower priority layers in priority order. Priority order measurements can e.g. be done so that if firstly measured layer does not contain any cells above a given minimum required RSRP level, then UE continues to next priority layer etc… If none found then UE continues periodically searching for cells on the higher priority layer cells as long as the Criteria E2 indicate so.

3. If UE is not camped highest priority layer, then UE periodically searches for higher priority layer (Assuming that NW indicates presence of higher priority layer) and if found measures those. The minimum periodicity may be indicated up by the NW (T_priority). Additionally minimum UE performance requirements need to be developed in RAN4. 
So needed parameters for specifying measurement rules could be as follows:

· Th_intra

· Defines when UE has to start measuring other intra-frequency cells 
· Th_non_intra

· Defines when UE has to start meaureing non-intra frequency cells

· T_priority
· Indication from the network for the minimum periodicity for the UE to perform inter-frequency and inter-RAT cell searches for higher priority layers
· Time domain hysteris like Time to Trigger (TTT): Timer used to avoid constant change of doing and not doing measurements. 
In order to successfully deploy these measurement rules in the networks corresponding UE minimum performance requirements need to be developed in RAN4.

2.1 Measurement Reporting rules

Mobilty in active mode is based on UE assisted network controlled handover. UE assists the network by providing measurement reports according to measurement events and triggers. It should be noted that a measurement report doesn’t necessarily trigger handover command from network.

Below we have listed examples of measurement reporting events for E-UTRA mobility. Some of the listed events can also be used for setting measurement rules as discussed in the previous section:

1. Intra-frequency neighbour cell RSRP level goes above the serving cell RSRP level by certain predefined amount. The amount is a configuration parameter for a given event
2. The RSRP level of the serving cell and all (other identified) intra-frequency neighbour cells are below given RSRP level.

· Additionally the same event could be defined against the serving cell only

3. The RSRP level of the serving cell goes below a given threshold and UE has not identified any (new) intra-frequency neighbour cell.

4. The RSRP level of an inter-frequency neighbour cell is better than a given absolute RSRP threshold.

5. The RSRP level of an inter-frequency neighbour cell is better than the serving cell RSRP level or the serving and all intra-frequency neighbour cells RSRP levels.

· Is this event needed and feasible in practise?

6. Signal strength of an inter-RAT(s) neighbour cell (e.g. CPICH RSCP for UTRA or RX_LEV for GERAN) is better than a given absolute threshold.

7. Signal strength of an inter-RAT(s) neighbour cell (e.g. CPICH RSCP for UTRA or RX_LEV for GERAN) is better than the serving cell RSRP level or the serving and all intra-frequency neighbour cells RSRP levels. 
· Is this event needed and feasible in practise?

NOTE:​ Word “better” in these events consider also cases when priority is applied. Some other layer may be better even if its radio parameters below camped layer as its priority is higher.

Parameters needed for measurement reporting:

· Event Thresholds

· TTT (Time to Trigger) 
3
E-UTRA Cell Reselection Considerations
In [1] we described high level mobility control that is operator controllable and could limit the UE access to certain frequency bands or RATs. This way operator can provide different kind of subscription classes (gold, silver …) and even limit roaming users to use intended RATs. When signalling those limitations to the UE it is also possible to provide a priority order in which UE is supposed to look for different access technologies/bands alternatively these priorities can be provided also in the system information signalling.   And by utilizing these priorities we can provide a mechanism for controlling UE behaviour in a way that operator is intending it to happen and also optimize the way UE is performing measurements to other frequency layers/RATs. 
3.1 Intra-Frequency

For the intra-frequency these operator controllable priorities are not really affecting the reselection mechanisms and we see that primarily reselection should happen according to radio conditions i.e. selecting the cell with the best measurement quantity level. Naturally in order to avoid ping-pongs and make cell reselections more reliable some measurement averaging (defined by RAN4 requirements), some dB-domain and time domain hysteresis parameters are also needed.  
Special scenarios like macro and private pico cells (like home eNBs) on the same frequency layer are expected to require special cell reselection criteria in order to favour camping on the private cells. This target could be achieved partially via Qoffset planning but only partially because different terminals located at different places inside the same serving cell will have different interference levels and therefore a planned Qoffset will not be optimum for all of them. Rather than favouring camping via Qoffset, it would be ideal that each terminal could apply prioritization rules to camp to higher priority cells as soon as possible.  For this type of Home eNB deployments it is also important that RAN4 completes its Home NB scenarios studies in order to better understand what kind of scenarios should be supported in the specifications. Furthermore, it should also be noted that although Home eNBs and macro cells would be deployed on the same carrier frequency, it does not mean that deployment would occur exactly in the same geographical area and thus, it is not clear whether it is really a need to support any efficient intra-frequency cell reselection e.g. between marco cells and Home eNB cell on the same frequency. Instead cell reselection between Home eNB and macro cells could be done through inter-frequency cell reselections, which is likely to be less problematic from the interference scenario perspective. 

3.2 Inter-frequency and inter-RAT
When considering Priorities and non-intra-frequency cell reselections they could be nicely utilized to provide simple method for controlling mobility between different frequency layers/RATs 

Based on the UTRA cell reselection criteria changes discussed in Section 2 we know that coverage based inter-frequency or inter-RAT cell reselections do not rely on Qoffsets in UTRA. Thus, we could assume that it should be possible to assume the same in E-UTRA as well. However, it is probably worth noting that since the UTRA cell reselection criteria development did not happen in the most logical and optimum order, it might be beneficial to avoid UTRA legacy burden when starting to develope E-UTRA cell reselection criteria. When evaluating need for coverage based cell reselection to another frequency layer or RAT it would seem important to identify whether the serving cell level indicate need for cell reselection. In addition before considering inter-frequency or inter-RAT cell reselection it would be important to know whether there is any intra-frequency neighbour cell available for cell reselection in order to avoid inter-frequency and inter-RAT cell reselection when no priorities or access pipe rules indicate need for higher priority inter-frequency or inter-RAT cell reselection (i.e. only radio based cell reselection is needed).  If no suitable intra-frequency neighbour cell is available, cell reselection to an inter-frequency or inter-RAT cell could be considered. Before inter-frequency and inter-RAT cell reselection the UE may be requested to verify if the conditions to access the new target meets certain predefined criteria. These predefined criteria can be based on a certain minimum reference signal strength e.g., minimum power level to access a cell. 

From network planning experience in UTRAN-GERAN cell reselection procedures, it has been very difficult to configure the R-criteria based on comparison of UTRAN cell levels and GSM cell levels. As a principle in cellular network is to force a terminal to reselect to an old access network due to poor coverage, Qoffset for inter-RAT cell reselection procedures has been simply set to the lowest possible value in order to avoid terminals to get trapped in UTRA. For GERAN to UTRAN, the similar network planning practices has been applied to Qoffset (FDD_Qoffset=-infinite) to avoid terminals to get trapped in GERAN when UTRAN coverage is recovered.  As already discussed in Section 2 we believe potential improvements in EUTRAN are needed in this area to avoid unnecessary parameters which are at the end not used. 

Therefore, we do not see that any Qoffset parameter is needed for coverage based inter-frequency and inter-RAT cell reselections (i.e. inter-frequency or inter-RAT cell reselection is performed when the coverage of the serving frequency layer ends). It is of course beneficial to utilise our knowledge and experience from UTRA but this does not mean that we necessarily need to copy any of the UTRA cell reselection criteria. 

Different frequency and RATs can also be prioritized differently either explicitly through access pipe rules (e.g. different for different users) or special common radio level priorities (e.g. broadcast in the system information and applied to all terminals with the same UE capabilities). Common radio level priorities can also be used on the top of the access pipe rules. During the cell reselection procedure the UE would first attempt cell reselection to the highest priority frequency layer or access techonolgy and if no cell on the layer meets the set predefined criteria, UE may search for another cell inside the next highest priority frequency layer or access techonology, etc

3.3
Reselection rules

Mobility in idle mode is based on UE autonomous cell reselection according to network defined parameters and specified cell reselection algorithm. Network provided priority information should be used also in idle mode. For reselection these priority based rules could be utilized so that UE favours camping on any higher prioritized layer if it is heard well enough (e.g. suitability criterion is met). As already agreed, too complicated Hierarhical Cell Structure rules should be avoided. 
In order to avoid ping-pong in varying radio conditions before performing reselection cell reselection criteria need to be met for a given minimum time like Treselection used in UTRA. 
· For in the intra-frequency cell reselection purposes similar R criteria as used in UTRA could be used. 
· For inter-frequency and inter-RAT cell reselections it could be simply be defined that the target cell needs to meet some very basic requirements such as the cell is identified (e.g. cell search successfully performed or BSIC indentified) and the signal strength of the cell is above a certain minimum threshold for a minimum amount of time (Treselection).
In most cases needed minimum signal strength and/or offset levels could be layer specific as it is expected that rather similar cells are deployed on a given frequency layer, especially if that layer is intended to provided full coverage without holes between neighbouring cells. In some special cases cell specific parameters could also be used. 

As a procedural example how reselections could work (measurements done as described in section 2);

1. UE measures other cells on serving cell frequency layer (at least if serving cell signal level is below a given threshold). If an intra-frequency neighbour cell signal level goes above serving cell signal level by given amount for Treselection time, the UE will perform cell reselection to this better cell. Additionally UE will apply Tpingpong (and/or additional hysteresis) to old serving cell to avoid immediate reselection back. As already mentioned this intra-frequency cell reselection can be specified by reusing the UTRA R criteria specified in TS25.304.
2. Priority list is set by operator. Measuring other frequency layer/RAT could be minimised if UE is allowed to measure inter-frequency/RAT cells according to their priority orders (see details from section 2)

· Based on measurements UE checks in priority order whether cell reselection is possible – Cell reselection is considered to frequency/RAT, which satifies a given predefined reception level. Treselection time domain hysteresis and/or  dB domain hysteresis should also be defined to avoid constant ping-pong between different RAT/frequencies

· Since signal strength comparisons between different frequency layers (like macro and pico) or different RATs, it may not be desirable to rely on the R criteria as the R criteria require detailed parameter planning and optimization. Thus, we feel that simple rules should be adopted.
Parameters identified for reselection:

· Qrxmin. Some minimum level that needs to be fulfilled before accessing the cell. Probably mostly used for entering E-UTRAN and inter-frequency mobility.  Qrxmin can be used also for prioritization – When any higher prioritized system/frequency layer is heard at Qrxmin level then that should be selected by the UE for reselection.

· Treselection. Minimum time for which reselection criteria needs to be fulfilled before actual cell change is done.
· Tpingpong or hysteresis: Minimum time interval between cell reselection back to previous cell. Alternatively an additional offset is added in reselection algorithm for a period of Tpingpong. In UTRA a fixed 1 second timer similar to Tpingpong is defined.
4
Conclusions

In the contribution we have presented ideas how E-UTRA measurement rules, measurement reporting and cell reselections could be defined in rather straightforward manner without putting big burden to cell reselection parameter planning when E-UTRA networks are deployed on the field. We also discussed how prioritization can be utilized in a easy manner and with minimum network planning effort for influencing the camping to certain cells or layers. Especially this would ease network planning when multiple 3GPP accesses are supported by operators.  If the proposed way of hanling cell reselection in E-UTRAN is acceptable we are happy to provide TP for 36.304.
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