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1 Introduction
In RAN2#93 it was agreed to have an email discussion on "cell reselection and load distribution":
[93#44][NB-IOT] Cell reselection and load distribution (Ericsson)

-
Cell Reselection and Load Distribution (the topics listed)

-
Intended outcome: Email discussion report to next meeting 

-
Deadline: Thursday 24/03/2016

This report gives a summary of this email discussion.
The deadline is Thursday, 2016-03-24, 23:59 Pacific Time. 
2 Background
2.1 Agreements and open issues

Based on the outcome of the email discussion on inter-frequency load balancing [1] the following agreements were made in RAN2#93:

· Ranking based mechanism is supported for inter-frequency cell reselection for NB-IOT.
· Inter-frequency mobility based on priority is not supported
· To introduce redirection information in a RRC Dedicated message 

· RRC connection release / suspend will include redirection information. 
Thus cell ranking is used for inter-frequency cell re-selection in Idle mode and blind redirection in RRC connection release (incl. suspend) can be used in connected mode. There was not sufficient support for UE distribution based on parameters in system information, such as proposed in [6] and [7], which is not further discussed in this report. Issues that were not concluded in the email discussion on inter-frequency load balancing [1] are related to enhancements for cell ranking in Idle mode: 
Proposal 2: Enhanced coverage and ping pong effects need to be considered by the ranking mechanism for the NB-IOT

Proposal 3: Additional enhancements for the ranking mechanism within NB-IOT are FFS

The focus of this email discussion is on potential enhancements to cell ranking for load balancing in Idle mode.
2.2 Cell ranking

In NB-IoT cell ranking is used for both intra- and inter-frequency cell re-selection: 
Rs = Qmeas,s + QHyst - Qoffsettemp
Rn = Qmeas,n - Qoffset - Qoffsettemp
Qmeas

: RSRP measurement quantity used in cell reselections. 

Qoffset

: Equals to cell specific offset q-OffsetCell if in SIB4, otherwise zero (intra-frequency)

  Equals to frequency specific offset q-OffsetFreq in SIB5 (inter-frequency)

Qoffsettemp
: Temporary offset to account for UL/DL imbalance (connEstFailOffset)
The Qhyst parameter can ensure that the UE does not re-select too quickly from the serving cell when another cell becomes better ranked. Furthermore with the cell and frequency specific offsets, cells and/or frequencies can be promoted or demoted in the cell ranking process.
2.3 Redirection

With IE RedirectedCarrierInfo in RRCConnectionRelease message the UE can be redirected to a specific LTE carrier when released or suspended in NB-IoT. The UE is required to search for a suitable cell on the indicated LTE frequency through cell selection. If the UE cannot find a suitable cell on the indicated LTE frequency the UE may camp on any suitable LTE frequency. If no suitable cell can be found the UE shall perform cell select starting with stored information (36.304).
In most cases the UE will be able to find a suitable cell on the designated carrier. Once the UE has selected a suitable cell on the designated carrier, the UE performs cell ranking for cell re-selection. With cell ranking the UE selects the highest ranked cell, according the cell ranking formula in section 2.2. 

2.4 Expected UE behavior in NB-IoT

It is perhaps difficult to predict the expected UE behaviour in NB-IoT, because it greatly depends on the NW deployment and configuration. Furthermore with the cell and frequency specific offsets for cell ranking the UE behaviour can be biased from strongest cell re-selection. 
It is expected that in most cases the UE is in good (enough) coverage conditions that do not require the UE to perform intra- and/or inter-frequency measurements i.e. above the measurement threshold. Furthermore with stationary and slow moving UEs this condition is assumed to be rather stable. 
In case the UE is re-directed blindly to a carrier where the UE cannot find a suitable cell, then the UE re-selects from that carrier. This can happen with blind redirection but is not assumed to be a typical case. 

Perhaps there is an inherent tension between load balancing (NW) and strongest cell re-selection (UE). But in the end it is also in the interest of the UE to be on a less loaded cell/frequency to experience less interference. Proper NW configuration and management can ensure a balanced trade-off. 

In case intra-frequency measurement threshold (Sintrasearch) is set lower than the inter-frequency measurement threshold (Snonintrasearch), the UE will first try to find an intra-frequency cell before measuring for inter-frequency neighbours. Such configuration provides "stickiness" to the serving / redirected frequency, and if frequencies provide full coverage the UE will typically not switch frequencies. 
3 Discussion
Issue 1: Is there is a risk for ping-pong effects. If so, how can this be prevented?

	Company
	Comments

	Ericsson
	Ping-pong effects can be prevented with proper NW configuration. Qhyst can be used to prevent frequent re-selections between two cells. However the NW configuration should take into account the reduced measurement accuracy in enhanced coverage. 

	Sony
	Agree with Ericsson that a proper NW configuration will avoid ping-pong.

	Huawei
	The QHyst can be used to avoid ping-pong between two cells.

	GTO
	Agree, network configuration can and should have sufficient means to avoid ping-pong.

	ZTE
	Agree with Ericsson.

	Deutsche Telekom
	We also agree with Ericsson that proper network configuration can avoid this. We have the same in GSM and UMTS networks and operators know how to cope with this !

	LGE
	We also agree with Ericsson. The hysteresis parameter (Qhyst) for ranking criteria can be useful to prevent ping pong between two cells.

	Nokia
	We agree that there is no issue with proper NW confuguration

	MediaTek
	Agree with the above that proper NW configuration can help avoid ping-pong.

	Intel
	We agree that appropriate network configuration can prevent ping-pong. 

	Samsung
	Agree that proper NW configuration is required to minimize ping-pong occurrences.

	QC
	Agree that proper network configuration necessary to avoid ping-pong.

	CATT
	We also agree that the network configuration could avoid ping pong effects.


Issue 2: Are further enhancements needed to prevent the UE from re-selecting from the carrier the UE was re-directed to in the connection release? 

	Company
	Comments

	Ericsson
	The cell ranking procedure provides means to demote other frequencies with a frequency specific offset to make the serving cell frequency more "sticky". Also Qhyst can be used to make the serving frequency/cell stickier. However the same mobility behaviour is enforced on all UEs in the cell with such bias.  

	Sony
	As described in section 2.4 of this paper, if the UE ends up on a cell with good signal, Snonintrasearch will anyway ensure UE does not measure inter-frequency and so UE will not reselect back to the original carrier. If the UE ends up on a cell with signal quality below Snonitrasearch then it is anyway better for UE to reselect to a higher ranked carrier if there is one available. 
In most cases, and considering the simplified idle mode behaviour already agreed for NB-IOT, we expect this to be enough to provide some level of idle mode distribution using redirection in RRC Connection Release, within reason – i.e. UE will not be made to stay on a poor quality cell if there is a better one available.
In other words we do not think any further enhancement is needed at this time, and a proper configuration of measurement threshold, hysteresis and frequency offset is sufficient for most cases.

	Huawei
	We think further enhancements are needed because when the UE is redirected to a specific frequency, it is expected to stay on the frequency as long as possible to distribute load, if the cells on this frequency are good enough for service.

	GTO
	Yes, we think it is needed. Offset and Qhyst apply equally to all UEs. Choosing large Offset and Qhyst prevents from re-selection after re-direction but also limits the UE autonomous cell re-selection mobility. Furthermore it applies equally to all UEs. One may choose to send UEs being in good condition to a carrier which is a bit worse for load balancing and wants those not to re-select. Whilst devices being on that carrier in bad condition as the may have initially selected that one could improve their situation if they could re-select to a carrier being bit better.

	ZTE
	No further NW enhancements needed, UEs can be guaranteed to stay at the camped carrier as soon as possible by NW configuration(Qhyst, QoffsetFrequency, Sintrasearch, Snonintrasearch, etc)

	Deutsche Telekom
	We also think that no further enhancements are needed. The network will distribute the terminals based on the load of individual carrier and if it happens that a UE loses the redirected carrier and ends up on the other one the redirection will keep balance.

	LGE
	No further enhancements are needed. We think that the hysteresis parameter and frequency specific offsets as mentioned in section 2.2 can help UEs stay at the carrier.

	Nokia
	Possible further enhancements can be discussed in REL14 timeframe

	MediaTek
	We think it would be useful to be able to provide an additional carrier offset with the redirection command for the redirected carrier. Otherwise the common parameters would need to be set very aggressively for high hysteresis, which have the undesired effect to keep the UEs unnecessarily on worse coverage.

	Intel
	No enhancement is needed in Rel-13. By setting the appropriate Sintrasearch/Snonintrasearch, Qhyst and frequency offset, the UE can be made to stay in a good enough cell in the redirected frequency while other UEs will not be affected adversely. 

	Samsung
	Considering previous issues and agreements on cell reselection in Rel-13, necessity and solutions for further enhancement can be considered in the next release.

	QC
	Care needed in redirecting UE to another cell/frequency especially if the UE autonomously camped on the current cell in extended coverage.  Also, UE should not be required to remain on redirected cell for indefinite period if that cells has significantly poor coverage than the current cell. 

	CATT
	We also think there is no need for further enhancements at least in rel-13. The network could handle the situation.


Issue 2a: Introduce a dedicated frequency offset in RRC connection release coupled to redirection, i.e. UE shall apply the dedicated frequency offset to the frequency the UE is re-directed to?

	Company
	Comments

	Ericsson
	We support this option, i.e. gives the NW individual UE control when the UE is redirected.    

	Sony
	We consider this optimisation (or something similar) might be useful, however it is not essential and suggest to look at this in Rel-14.

	Huawei
	We support this option. A dedicate frequency offset allows UE specific configuration and makes the redirected UEs more likely choose the designated frequency during cell reselection procedure.

	GTO
	We support this option giving NW individual control on certain UEs to direct them to carriers and prevent them from re-selection whilst for all other devices UE re-selection may be performed based on the defined parameters.

	ZTE
	We don’t think it is necessary.

	Deutsche Telekom
	Unnecessary ... If companies insist this should be evaluated for Rel-14 enhancements.

	LGE
	We think it is not essential but useful. We also suggest to discuss this in Rel-14.

	Nokia
	Not necessary to make the system work. Can be discussed further in REL14

	MediaTek
	Yes, this should be introduced. See explanation above.

	Intel
	Agree with Sony that it is not essential for Rel-13. We can discuss this and other similar optimisation in Rel-14.

	Samsung
	We think the necessity and further suggestions can be discussed in Rel-14.

	QC
	Don’t think this is necessary considering it is a blind redirection.

	CATT
	We don’t think it is essential for Rel-13 operation


Issue 2b: Introduce a timer (fixed, dedicated signalling, or system information) during which the UE shall not re-select from the carrier indicated in the release unless the UE cannot find a suitable cell on that frequency?

	Company
	Comments

	Ericsson
	We are not sure if there should be a time limit to the stickiness of the carrier, i.e. application of an offset seems more appropriate. With a timer the UE could be stuck on a carrier just above the suitability threshold, i.e. this approach might be too rigid. 

	Sony
	Not needed and introduces additional complexity for little or no benefit.

	Huawei
	If the eNB wants to distribute some UEs to a specific frequency then these UEs are expected to stay there as long as possible if the cells on the designated frequency are good enough. The eNB can redirect the UE back to the original frequency if needed. We believe this mechanism is not time dependent, e.g. not related to a temporary overload.

	GTO
	Most devices which may be distributed by re-direction are static devices for these devices situation will not change over time. For simplicity and considering rather low benefits, we think it is not needed. 

	ZTE
	We don’t think it is necessary.

	Deutsche Telekom
	Unnecessary.

	LGE
	We think that it is unnecessary.

	Nokia
	Not needed

	MediaTek
	Not needed. Introduces a risk that the UE gets stuck on a very bad carrier.

	Intel
	Not essential. We can discuss further optimisation in Rel-14.

	Samsung
	Not needed.

	QC
	 Actually for static devices it is important not to keep the device in a very poor coverage indefinitely. Therefore, timer based reselection to original frequency/cell should be permitted if the device is in a poor coverage.

	CATT
	We don’t think this is needed


Issue 3: Is there a need for a new measurement threshold for cell ranking to indicate when UE shall omit promotion/demotion frequency offsets as follows:

· Omit promotion of an inter-frequency when the measured signal strength of the inter-frequency cell drops below this new threshold. 

· Omit demotion of an inter-frequency cell when the measured signal strength of the serving cell drops below this new threshold. 

	Company
	Comments

	Ericsson
	In case the NW promotes a frequency with a large offset, then there is a risk that the UE goes there (highest ranked), but the cell on the promoted frequency is not that strong (even though the cell fulfils the suitability criteria). 

Similar when the NW demotes a frequency with a large offset, then at some point when the serving cell become bad, the UE should go to the demoted frequency, because it might provide better cells. 

	Sony
	Not needed and introduces additional complexity for little or no benefit.

	Huawei
	We think it is unnecessary. The parameters Qmeas,s and Qmeas,n in the cell reselection fomulas help the UEs camp on a better cell if the serving cell is not good enough. The potential risk mentioned in this issue can be avoided by appropriate configuration of the frequency offset.

	GTO
	We think promotion and demotion thresholds may not be needed and do not see the benefits giving the likely inaccuracy that measurements may have.  

At a later stage on may consider other measures for cell re-selection besides measurement based ranking, weighting also Ue experience concerning load on the cell/frequency, interference, needed UL power,… The momentary measurement does not capture all aspects a device could base its re-selection decision upon. Giving that static, power consumption optimized devices may have additional algorithm evaluating cells by longer term observation, i.e. performs the same activities periodically. There is no need to define additional requirements, considering ranking based measurement as a minimum requirement and power optimized devices may apply further means for re-selection would be sufficient.

	ZTE
	We don’t think it is necessary.

	Deutsche Telekom
	Unnecessary.

	LGE
	We think that it is unnecessary.

	Nokia
	Not needed

	MediaTek
	We don’t think new threshold is need. An offset is better as it gives better characteristics.

	Intel
	Not needed.

	Samsung
	Not needed.

	QC
	Don’t think it is necessary. 

	CATT
	We don’t this is necessary


4 Summary of email discussion
Thirteen companies replied to the email discussion and provided the following feedback. 

Issue 1: Is there is a risk for ping-pong effects? If so, how can this be prevented?

All companies agreed that ping-pong effects can be avoided with proper NW configuration

Issue 2: Are further enhancements needed to prevent the UE from re-selecting from the carrier the UE was re-directed to in the connection release?

Three (four?) companies indicated the need for further enhancements, but most companies thought that no further enhancements are needed for REL-13. 

Issue 2a: Introduce a dedicated frequency offset in RRC connection release coupled to redirection, i.e. UE shall apply the dedicated frequency offset to the frequency the UE is re-directed to?

Three companies indicated the need for further enhancements, but most companies thought that no further enhancements are needed for REL-13
Issue 2b: Introduce a timer (fixed, dedicated signalling, or system information) during which the UE shall not re-select from the carrier indicated in the release unless the UE cannot find a suitable cell on that frequency?

No company expressed a need for this enhancement. 
Issue 3: Is there a need for a new measurement threshold for cell ranking to indicate when UE shall omit promotion/demotion frequency offsets as follows:

· Omit promotion of an inter-frequency when the measured signal strength of the inter-frequency cell drops below this new threshold. 

· Omit demotion of an inter-frequency cell when the measured signal strength of the serving cell drops below this new threshold. 

Only one company expressed a need for this enhancement.
5 Proposed way forward
Based on the company feedback no further enhancement for load balancing as discussed in this contribution are pursued in REL-13.
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