
3GPP TSG-RAN WG2 #91bis
R2-154440
Malmo, Sweden, 5th – 9th Oct 2015
Source:                    
ZTE (rapporteur)
Title:  
email discussion [91#28][LTE/Load Balancing] on redistribution Schemes
Document for:        
Discussion
Agenda Item:         
7.7
1. Introduction
Here is the email discussion#28:
[91#28][LTE/Load Balancing] Redistribution Schemes (ZTE)

-
Investigate advantages and benefits of schemes that can redistribute IDLE UEs (continuous randomization and one-shot mechanism)

-
Do not discuss existing dedicated reselection priorities provided during RRC connection release

-
Aim to converge to one solution

=>
Intended outcome: Email discussion report and possibly draft CRs to next meeting

During RAN2#90 meeting, the following agreements were reached based on the discussion.
	Agreements
1
Following Requirements can’t be met by existing cell reselection scheme:


1) It should be possible under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers


2) It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded) 

2
Solution should be able to move fraction of the UEs from one cell to another cell


During RAN2#91 meeting, RAN2 has agreed to adopt cell specific priorities as baseline which can meet the requirement “ It should be possible to control the load distribution among individual cells rather than only on a carrier level”  So in this email discussion we will focus on solutions which can redistribute UEs in IDLE mode among carriers/cells.
According to the discussion in RAN2#91, there are two potential schemes i.e. continuous randomization mechanism and one-shot mechanism on the table. Both schemes sound be able to redistribute UEs in IDLE mode. In order to have better understanding of the pros and cons of these two schemes, we need take a step back to see what the original requirement from operators is. In RAN2 meeting #89bis, RAN2 agreed few requirements among which No.5 requirement is as following:
5)
Solutions should cater for different (re)distribution decisions in the network that take into consideration other factors:


a) eMBMS deployments on macro or small cell layer


b) Number of devices supporting certain bands (other capabilities can be considered)


c) Bandwidth of the different carriers may be different

7)
Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED. 

 In our understanding there are two main scenarios to be considered:
Scenario1: unbalanced distribution is caused by some slow changing aspects and the unbalanced situation will last for a relatively long time if no counter measure is taken. One example is the introduction of a new band (let’s call it band X), where legacy UEs can’t support band X but only legacy band Y, while new UEs on the market can support band X as well. When more and more new UEs come into market, it is desirable to redistribute part of the new UEs to band Y. To set the frequency of band X and band Y to be of equal priority can’t balance the UE distribution because legacys UE can only camp on band Y. To set the frequency of band Y of higher priority will cause almost all of the new UEs to move to band Y i.e. unbalances situation still occurs.
Scenrio2: unbalanced situation occurs for a short time due to some temporary aspects. One example is the deployment of MBMS. When an operator starts to broadcast MBMS service the network capacity for unicast is reduced. The extent is up to the configured number of MBMS subframes within one radio frame. In addition UEs supporting and interested in the MBMS service in this cell will take this cell as highest priority and try to reselect to this cell. Among those UEs some will also request unicast service and make the situation worse. So it is desirable to distribute some of the UEs which are not interested in MBMS service but only in unicast services to other carriers.
In this email discussion two schemes will be discussed together i.e. continuous randomization scheme and one shot scheme. The basic idea of the so called continuous randomization scheme is to follow current cell reselection rule as much as possible with some additional randomization scheme. In general, a UE will generate one random number to compare against preconfigured parameters in order to decide whether reselection to one candidate cell will occur or not. Redistribution of UEs is realized by statistically distributed random values. The scheme will work as long as corresponding parameter(s) are broadcasted in system information or periodically. 
The basic idea of the one shot scheme is to redistribute UEs if the NW discovers an imminent congestion situation. A UE (or a group of UEs) can be paged for the purpose of load balancing. Paging message may contain a trigger to activate previously (i.e. in RRC Connection Release) acquired Dedicated Priorities. When the trigger is received, UE/UEs start appropriate timer and apply DPs. Paging message may also contain a deprioritization request to instruct the UE/UEs that currently prioritized carrier/cell should be temporarily (controlled by a timer) assigned the lowest priority. Alternatively, Paging message may contain a prioritization request to temporarily assign the highest priority to a certain carrier/cell. Eventually, Paging message can comprise a whole new set of priorities (similar to Dedicated Priorites, aimed for a subset of UEs) if NW discovers that previously sent priorities will not suffice to mitigate current load situation. New parameters in Paging message are needed in order to run abovementioned actions (e.g. new priority or intended reselection target frequency/cell). The email discussion will proceed in two steps:
Step1: to decide which scheme(s) will be specified (until 16th Sept. 23:59 PST)
Step2: to discuss and decide the detail solution for the selected scheme (until 24th 23:59 PST)
[Note: RAN2#91 has agreed that “Do not discuss existing dedicated reselection priorities provided during RRC connection release”.]
2. Discussion 
Question1:  Between continuous randomization scheme (CRS) and one-shot scheme (OSS), which one can cater for the requirement of scenario1 and why?
	Company Name
	CRS 
	OSS
	Comment

	ZTE
	YES
	NO
	In Scenario 1, it targets to long-term unbalanced distribution situations, e.g. as new UEs supporting for new band increase, a fraction of new UEs which previously camp on new band should be considered to redistribute to legacy band.
CRS can cater this requirement based on the following analysis:

1) For this long-term unbalanced situation, operator should have knowledge about the total number of new UEs and decide to apply CRS relevant parameters to allow new UEs to do reselection, e.g. initially new band with higher frequency priority without CRS parameters when number of new UEs are not so huge, then almost all new UEs try to camp on new band; secondly legacy band with higher priority and CRS parameters (threshold offset [1]/ reselection probability [2]), then a fraction of new UEs can reselect to legacy band;
2) For newly coming UEs, CRS which is based on SIB can also take effect continuously to relieve this long-term unbalanced distribution situation;
3) Since CRS is applied for reselection from lower priority frequency to higher priority frequency, it should be stable for UE to stay higher priority frequency according to existing reselection rule. Even some of the UEs come back to cells with lower priority, still CRS continuous to work.
For OSS, we observed that it should be difficult to cater the requirement of Scenario 1 efficiently based on the following analysis:

[Note: paging mechanism is assumed for OSS]

1) For this long-term unbalanced situation, operator should also decide to apply OSS (special load balancing paging with additional frequency priority indication) to allow new UEs to do reselection, e.g. paging with higher priority for legacy band and SIB still with lower priority for legacy band and higher priority for new band; and the fraction of new UEs to do reselection could be controlled by setting paging occasions within one paging cycle; 
2) Since the intention of OSS is one-shot control, only paging once is expected, paging could be sent again in case one paging can’t achieve good balance; for continuous and long-term unbalanced situation, it looks inefficient and complicated; or in order to solve these issues, period paging could be applied with the cost to reduce the available paging channel capacity for actual paging , increase downlink interference and UE’s power consumption to decode paging message;
3) For newly coming UEs, OSS can’t redistribute them efficiently unless period paging is applied; otherwise, for those UEs which miss that paging, they can’t be redistributed timely;

4) The stability of OSS for this long-term unbalanced situation should also be considered; we assume there is a timer for frequency priority from paging, in case the timer is expired, the UEs will reselect back to new band because UE will follow original reselection priority and unbalanced situation occurs once again. Thus could cause ping-pong reselection and can’t solve the unbalanced redistribution efficiently.
 

	Nokia Networks
	
	YES
	First of all, a comment to the analysis of exactly those two Scenarios. You have stated “In our understanding there are two main scenarios...”. Could you please shed light whose understanding is that? Could you please provide any reference to the papers submitted in the past or agreements made during any of RAN2 meetings where such scenarios have been defined as a basis for considerations within this WI? Or was that your autonomous/arbitrary choice to evaluate such environment?
The introduction of a new frequency band (as stated in the description of Scenario 1) is not a “sudden occurrence” so its consequences can be (or even: should be) foreseen by a Mobile Network Operator (MNO). Thus, to some/large extent also the existing Dedicated Priorities (DP) should mitigate the load situation. I know we are not supposed to discuss the benefits of DPs so I will refrain from doing so. However, we cannot deny that DPs are the existing mechanism which still serves well (and will remain to serve) in some situations (such as this one). DPs will not disappear so it is not necessary to propose an alternative which would replace/overdesign DPs. Our goal is to find a mechanism for cases where DPs are insufficient and not to assume there is no benefit from DPs.
Similarly, the advent of new UEs (“new” in terms of “generation”/category) does not happen all of the sudden and the NW unexpectedly realizes immediate counter-measures have to be taken. Since the new UEs support both bands, the issue only becomes relevant once there are more than 50% of new UEs compared to legacy UEs. Prior to that, the new Band can have higher priority. Afterwards, the situation becomes worse only gradually. Prioritization between the bands may indeed be necessary but it is why we have Dedicated Priorities. This was exactly the use case for introducing those.

NW has perfect knowledge concerning UE capabilities and therefore it can precisely steer certain group (a subset) of UEs to prioritize certain carrier (Band X or Y). In this case – when it is discovered that too many UEs prioritize Band X (or an overload situation has occurred there) NW can use Paging to instruct a group of brand new UEs (supporting both Band X and Band Y) to prioritize Band Y (e.g. temporarily). The result of such operation is perfectly predictable and full NW control is maintained whereas it remains to be seen what ratio of “randomized UEs” will be effectively redistributed if CRS was applied. As a result, we believe that OSS can cater for this Scenario 1 and it is dubious whether CRS can do it in a similarly efficient manner.



	Kyocera
	Neutral 
	Yes
	We wonder why “To set the frequency of band X and band Y to be of equal priority can’t balance the UE distribution”. As rapporteur mentions, the NW knows the legacy UEs stay only on Y. So, we think the NW may be able to configure the existing parameter for R-criteria, i.e., Qoffset, with appropriate offset, considering e.g., the share of legacy/new UEs.   We’re also wondering why there’s an issue with “To set the frequency of band Y of higher priority will cause almost all of the new UEs to move to band Y”. We think it depends on the number of legacy/new UEs in the NW. For example, if the ratio of legacy UEs to new UEs is one, the distribution between band Y and band X should be about equal and the load  is balanced. Even if the ratio is 1/4, the load can still be controllable with the existing mechanism, i.e., equal priority with Qoffset tuning.  
CRS has the capability to move a fraction of the new UEs from band Y to band X based on UEs generation of the first random number.  Since this mechanism is “continuous”, the new UEs that still stayed on band Y would generate another random number to consider reselection again. Unless RAN2 also defines when the UE should stop the evaluation of CRS, all of the new UEs will eventually move to band X, and the load imbalance will happen again.  How quickly the load imbalance occurs will be a function of the randomization parameter.  So it seems like the benefit of CRS is to further slow down the move of all UEs from one band to another as compared to the existing mechanism, even though scenario 1 already assumed slow changing condition.

With OSS, it can also move a fraction of UEs from band Y to band X at a certain point. Afterwards, the reselected UEs will stay on band X applying the existing cell reselection scheme, i.e., equal priority inter-frequency, if bands X and Y are set to the same priority. 

	Alcatel-Lucent
	Yes
	Maybe, but not optimal
	Since this is slow changing and the uneven distribution can be  predetermined, it is easier to achieve balancing using CRS.  One-shot will need to be applied repeatedly.  

	LG
	
	
	We think the descriptions of CRS and OSS need to be detailed.

	Intel
	Yes
	No
	We agree with ZTE and ALU that CRS mechanism is more efficient to distribute cell load in slow manner. Regarding OSS it is not clear to us how eNB can send paging to a certain group of UEs to steer them to a certain carrier given that the eNB may not be able to tightly track idle mode UEs.

	Verizon 
	Yes
	Possible
	While operators generally will plan on the corresponding network support with the introduction new generation UE’s, there is hard to predict at a particular time and location what would be the traffic mix due to the mobility of the UE’s and the different popularity of individual UE models.  The situation is further complicated by the bandwidths of different bands at individual location could be different.  For example,  for Band X/Y, an operator could have 20/10 MHz for city A while 10/10 MHz in City B.  Hence, it doesn’t mean it matters only on if the UE of the new generation UEs surpass 50% market share.  

Also, as being mentioned several times, in hotspot scenarios, an operator may want to prioritize the small cell layer while not over-crowding the small cell layer. Hence, eventually,  one may e.g. wants to allocate 80% of the UEs to the small cell layers and 20% to the macro layers.   

The smaller geographical coverage of small cells also makes the network operation much more challenging due to higher UE mobility and larger variations of UE’s in terms of both numbers, capabilities.  Hence, in daily operation, it’s very challenging and difficult to track or have a good estimate on both the numbers and types of UEs.    

	Qualcomm
	Yes
	Possible
	We see scenario 1 as the result of a long term bias, that will perpetuate once  UEs move around. As a result, a CRS mechanism will be better suited as it will present a continuous counter action to long term bias. An OSS mechanism can work if it is applied repeatedly, which is also possible.


Question2:  Between continuous randomization scheme (CRS) and one-shot scheme (OSS), which one can cater for the requirement of scenario2 and why?
	Company Name
	CRS 
	OSS
	Comment

	ZTE
	YES
	YES
	In Scenario 2, it targets to some potential temporary unbalanced situations, e.g. if MBMS is activated in an area (specific frequency or cell), then non-MBMS capable UEs should be considered to redistribute to other frequencies or cells.
CRS can cater this requirement based on the following analysis:
1) For this temporary unbalanced situation, operator should predict it and decide to apply more aggressive CRS relevant parameters to allow more UEs to do reselection, e.g. change current frequency with lower priority, smaller threshold offset [1]/ bigger reselection probability[2] for other higher priority frequency;
2) For MBMS capable UEs, they will still camp on current cell/frequency even for lower frequency priority based on existing reselection rule since they will consider MBMS capable frequency with the highest priority;
3) For non-MBMS capable UEs, the fraction of UEs to reselect to other higher priority frequency can be controlled by network broadcasted redistribution factor through SIB, e.g. threshold offset [1], or reselection probability [2] and UE generated random number as Scenario 1.
OSS may also cater this requirement based on the following analysis:
1) Operator can predict the temporary unbalanced situation and decide to page non-MBMS capable UEs to do reselection; FFS for whether and how to only page non-MBMS capable UEs.
2) In case that MBMS capable UEs can also receive this load balancing paging, new requirement should be specified, e.g. ignore it?
3) For non-MBMS capable UEs, the fraction of UEs to do reselection could be controlled by setting paging occasions within one paging cycle. And the target reselection frequency can be indicated by several possible ways, e.g. assign new frequency priority by paging, etc.



	Nokia Networks
	
	YES
	With respect to this statement: “When an operator starts to broadcast MBMS service the network capacity for unicast is reduced”: Again, the operator is perfectly aware of that and can apply certain actions beforehand. In case of CRS it presumably means threshold/offset changes so SIB has to be modified as well. This implies a Paging has to be sent before that so this solution does not seem to be very robust (Paging itself can be used in OSS to convey similar parameters).
Moreover, UEs listening to MBMS do not necessarily have to camp on the same carrier, they just have to be able to receive MBMS. This can be done also while camping on another carrier.
NW is aware of UEs’ capabilities so the subset of UEs for reselection can be neatly chosen. 

	Kyocera
	Neutral
	Yes
	If we only consider the MBMS case as the rapporteur intended, we wonder if it may be solved by the existing cell reselection scheme, i.e., the MBMS frequencies may be set to priorities lower than any of the other frequencies that serves unicast only. Afterwards, the UEs, which are not interested in MBMS service or have dual receivers, would move to the other non-MBMS frequency. In this sense, for both CRS and OSS it may need further discussion whether the UE receiving/interested in MBMS reception should also be re-distributed. 
If the NW needs only a fraction of UEs not interested in MBMS service to move to the other frequency, we believe OSS is more suitable for this scenario than CRS, since the re-distribution is triggered by the change of NW configuration, i.e., MBSFN is configured. 
We think it may be also worth considering how to handle the case where MBMS is stopped, i.e., MBSFN configuration is removed. It could be expected that the UEs receiving MBMS service in Idle mode would initiate RRC Connection Establishment at this time. We think OSS should be performed before MBMS is stopped, in order to move the UEs to the other frequency as much as possible. 

	Alcatel-Lucent
	Yes, but not optimal
	Yes
	Scenario 2 is dynamically changing situation which can be expected to require frequent application of re-distribution procedure.  It is possible to use CRS by varying the parameters over time but this can result in frequent changes to the SIB parameters that is not optimal.  
One-shot solutions (such as one using Paging) that can move a fraction of  UEs can be applied as often as required to achieve this.

	LG
	
	
	We think the descriptions of CRS and OSS need to be detailed.

	Intel
	Yes
	To a  certain extent only
	We tend to agree both CRS and OSS can support distributing non-MBMS UEs as long as the new scheme (e.g. based on priority/probability) can be applied to non-MBMS UEs. 

However, regarding OSS, even in scenario 2, we think the eNB may not be able to determine which UEs should be paged to trigger them to move to another target frequency. Reasons: the eNB may not be able to tightly track idle mode UEs, so it cannot know which UEs are interested in MBMS, which non-MBMS UEs actually camp on in which cells. Furthermore, it is not clear for how long the eNB should keep the dedicated priority information. So with OSS, we conclude that it may not be possible for the eNB to move the target portion of non-MBMS UEs to a certain frequency. Also if OSS is meant to page all non-MBMS UEs to move to another frequency, that also may result in unbalanced load distribution.

	Verizon
	Possible
	Yes
	There are two types of MBMS-services, planned or unplanned.  While in planned scenarios, CRS based schemes may be possible.  However, the drawback is that while the MBMS services is schedule, UE’s may only start to show up until it’s close to when the MBMS starts, e.g. stadium scenarios.  In this case OSS may be more efficient.

For unplanned MBMS services such as natural disasters, in these case OSS would be more preferable. 

	Qualcomm
	Inefficient
	Yes
	We see scenario 2 as the result of a strong short term bias, that will dissipate with time. 

OSS will be better suited as it offers fast and selective reaction. CRS has a slow reaction time, or it would require a high SIB/paging load.


Question3:  Is there any other consideration that needs to be taken into account to decide whether CRS and/or OSS scheme(s) should be specified?
	Company Name
	Other considerations

	ZTE
	UE’s complexity:
So far there are few kinds of cell reselection priority:

A, broadcast priority

B, dedicated priority

C, cell specific priority

D, assumed highest priority when some condition is met e.g. highest priority due to MBMS service, CSG membership etc.
If some priority information is provided in paging message, then the relationship between this new kinds of priority and other priority must be clarified. In addition some exception case must be defined for this new paging message e.g. UE assuming current frequency as highest priority should ignore it and UE who is paged by the same paging message should also ignore it etc. Some new rule need be defined to maintain this new priority and its related information e.g. when UE moves out intended frequency or cell to other RAT what does UE suppose to do? Would it work also for inter-RAT cell reselection ?

On the other hand, CRS doesn’t introduce any new kind of priority. What is needed e.g. [1] is one more parameter in SIB5.

Impact on network’s paging capacity:

Maybe this new paging message and normal paging record can be combined together, still the message size is up to how big a list of frequency/cell+priority will be contained within paging message . Considering now more priorities are introduced the message size will be increased significantly especially when global cell id is also needed. This would squeeze the space for normal paging record. 
On the other hand, no paging message is needed for CRS scheme except for adjust of parameters in SIB.

UE’s power consumption:

This is a new cause for paging. If it occurs periodically then it will cause UE to decode paging message more frequently. In addition new received priority will cause UE’s extra measurement on frequency with higher priority before UE do cell reselection which also demands UE’s power consumption.
On the other hand, CRS doesn’t need extra decoding of paging message and measurement.

	Nokia Networks
	A general observation with respect to Requirement #1 (i.e. “It should be possible under network control to re-distribute among the different carriers a fraction of users currently camped on these carrier”): As stated before – it does not imply a continuous mechanism. On the contrary – it seems OSS caters better for that kind of “incidental” (not something that occurs continuously) situation. Eventually, if such redistribution should happen “under network control” then randomization does not sound as a “perfect match” to guarantee network control.

With respect to this statement: “...So far there are few kinds of cell reselection priority:

A, broadcast priority

B, dedicated priority...”
UE treats Option A and Option B in exactly the same manner so this statement is incorrect.

This statement: “In addition new received priority will cause UE’s extra measurement on frequency with higher priority before UE do cell reselection which also demands UE’s power consumption.” and this statement: “Some new rule need be defined to maintain this new priority and its related information e.g. when UE moves out intended frequency or cell to other RAT what does UE suppose to do? Would it work also for inter-RAT cell reselection ?” is applicable to both OSS and CRS, not to OSS only, so it cannot be used to prove the supremacy of CRS over OSS.

As the legacy Paging procedure will be used for OSS (i.e. UEs will anyway wake up at each Paging interval) there is no issue of excessive battery usage. The decoding of a Paging message does not have a major impact on the energy consumption. It is the monitoring during Paging occasions that contributes more to this wastage... and this will happen anyway.
SI change implies bigger UE power consumption since UEs wake up to listen to all SIBs (to see if anything has changed). Also UEs that will not even utilize the randomization (i.e. legacy UEs) will suffer from that. 

OSS allows to instruct only the group of UEs capable of supporting new Load Balancing solution/parameters.
CRS is applied uniformly/globally, by all UEs listening to SI (including those which do not require any reselections). The only “personalization” (in compliance with [1]) is the multiplication of offset by a randomly generated number.

A comment with reference to this sentence: “On the other hand, no paging message is needed for CRS scheme except for adjust of parameters in SIB.”: No paging in case of CRS implies no SIB modifications which means threshold and offsets (proposed in [1]) will not be continuously updated in compliance with the instantaneous load and radio conditions. Such approach does not guarantee effectiveness. However, if CRS entails a continuous modification of thresholds/offsets (in order to follow dynamically changing conditions) then Paging is anyway necessary to update SIB. And this is already a more “expensive” solution than OSS.   
In general OSS allows to reach a certain subset of UEs whereas CRS does not have such capability. OSS offers accuracy, predictability and proper reaction to instantaneous load and radio conditions.
The overall benefit from CRS might be relatively small as it is unknown whether the reselection will happen or not (depending on the outcome of multiplication by a randomly generated number and the succeeding comparison) and it applies only to the transition from lower to higher priority layer/carrier (if we agree on the solution compliant with [1]). Eventually, it is unknown to the NW which UEs have been actually redistributed and which haven’t so NW realizes the actual distribution only after a certain UE re-establishes RRC Connection.
At the end of the day, we should ensure that no matter which mechanism we introduce, it should be controllable and predictable (i.e. it shall mitigate the situation instead of having detrimental impact). It seems that CRS is capable of guaranteeing that to a lesser extent than OSS.

	Kyocera
	We agree with the rapporteur that the cell-specific priority can meet the requirement No.4 (or No.2 in this paper) and this email discussion focuses on the requirement No.1. So, we wonder if this email discussion should more concentrate on the requirement No.1, e.g., level of “network control” and/or accuracy of controlling “a fraction of users”, rather than the other requirements, e.g., No.2, 5, 6 and 7, which were not identified as issues of the existing cell reselection scheme in RAN2#90. 
In RAN2#91, some companies pointed out the scenario with two macro cell layers is also important. We think this scenario needs to be additionally considered and may imply CRS is still necessary. 
When we consider the one-shot mechanism, we should assume that the UEs, which are moved to another frequency due to the one-shot load re-distribution, will follow the existing cell reselection scheme as it is today. 
We wonder if one of the guidelines for the email discussion from RAN2#91 “Investigate advantages and benefits of schemes that can redistribute IDLE UEs (continuous randomization and one-shot mechanism)” is intended to cover the benefit of continuous randomization/one-shot scheme from a conceptual perspective rather than the detailed mechanisms. But so far the discussion (including this email discussion) seems to focus only on the mechanisms themselves. We believe continuous randomization should not be limited to the randomized threshold mechanism but still open to the other mechanisms, e.g., already proposed CSPP or the paging mechanism. Also, the one-shot scheme should not be limited to the paging mechanism, wherein it could be still possible to adopt the randomized threshold mechanism to the one-shot scheme in our view for example. We believe the concept (or use cases) and the mechanism should be discussed separately. 
If we aim to converge to one solution as indicated in RAN2#91, the solution should be applicable to the two use cases, i.e., the case needs continuous distribution and the other case that needs one-shot re-distribution. 

	Alcatel-Lucent
	Hetnet scenarios should also be considered.  This is not explicitly mentioned in the scenarios but we believe a combination of CRS and OSS can also address the HetNet scenarios.

	LG
	A general scheme/solution needs to resolve potential problems in homogeneous (Macro cells only) and Hetnet (small cell environment) deployment scenarios addressed in previous meetings. In order to find the general solution to fulfil requirements and to efficiently resolve most problems in the deployment scenarios, homogeneous and Hetnet scenarios should be considered. 

	Verizon
	Our understanding of the term “network control” here is that the scheme adopted should allow the network to control the percentages/fractions of the UEs among different layers. On one hand, per earlier discussion,  UE mix varies with the time, location and user mobility which the frequency layers bandwidth/capacity also various with the geographical locations.  More importantly, one of the main objectives of idle mode UE distribution is to reduce interfrequency handover due to connected mode load-balancing which requires the control of UE percentages.  Hence, we believe a combination of CRS and OSS would be needed.         

	Samsung
	No strong view, but as similar functionality is typically handled by parameters on broadcast, we assumed that a CRS scheme would the baseline and that a simple OSS mechanism might be added on top. The discussion about scenario’s mainly seems a discussion about signalling efficiency, and it is of course always possible to find cases where one solution outperforms outperforms the other. We wonder however if we have a good understanding of what scenarios will be most commonly used in the field.

	Qualcomm
	Other considerations:

· Effect on stationary UEs

· Effect on UEs in movement

· Effect on location updates

· Effect on paging load (beyond what the scheme itself requires)


3. Discussion of solutions
In the following tables 6 same aspects are listed for companies to input their solution details for comparison. The intention is to make it clear what solutions on the table, what is commonality and difference among these solutions, and what are the pro and con of them by considering these aspects.  
3.1 Solution description
	Solution alternative 
	How to trigger redistribution?
	When to stop redistribution?

	Alt1 [1]
	Once UE receive new defined parameters from SIB5, UE start redistribution. But whether UE will eventually reselect to another cell on frequency with higher priority will be up to calculated personal Threshold_x_high and its current Squal/Srelev of intended cell.
	The redistribution will continuously work unless related parameter is removed from SIB5 of current serving cell or current serving cell is a suitable cell with highest priority.


	Alt 2 – OSS by Nokia Networks
	eNB/NW triggers the redistribution by sending Paging message with additional Information Elements (IE) to instruct a subset of UEs which cells/carriers to prioritize/deprioritize. 
	As the name implies – this is a “one time” mechanism. Priority related information delivered by means of Paging should be associated with a timer to control the validity of those priorities. Thus, the procedure does not need any “stop” indication from the eNB. If the UE decides to re-establish RRC Connection prior to the timer expiration it obeys prioritization information received in Paging.

	Alt 3 [3]
(Kyocera)
	It’s triggered when the UE receives the indication via paging. 
	The indication is valid only once, i.e., originally intended for OSS. It could be also applicable to CRS by means of repetition. 

	 Alt 4 (Sony)
	Network broadcasts a second absolute priority and the percentage of UEs that should use that priority. UEs calculate based on UE-ID which priority to use.
	When system information is updated and IEs are omitted.

	Alt 4+ (Huawei)
	Once the UE receives the new/udpated broadcast parameters from SIB, the UE starts redistribution for once.

The solution is similar to Alt 4 (Sony). The network broadcast a priority (for a specific cell or a carrier) and percentage of UEs (based on IMSI and/or AC value) that should use the priority.

Moreover, the network can further optionally broadcast an indication of UE capability (e.g., D2D, DC) associated with the priority and percentage. Only UEs having the indicated capabilities should follow the prioritization mechanism stated above. The rationality behind this solution is that, the target cell may support a specific capability (e.g., D2D, DC), and the network may want UEs with the specific capability (e.g., D2D, DC) to reselect to that cell to maximize the throughput and network capacity. Another case is that, the source cell may support a capability (e.g., D2D, DC), and the source cell may not want the UEs supporting this capabilty to reselect other cell not supporting this capability.
The network may further optionally broadcast an RSRP offset. After performing measurement of the target cell, the UE meeting conditions above reselect to the target cell only if RSRP of the target cell is the offset better than the RSRP of the serving cell. This is to avoid the UE from reselecting a cell with lower RSRP which leads to throughput degradation.
	When system information is updated and IEs are omitted.

	Alt 5 [16] (LG)
	UE performs redistribution upon every cell change based on redistribution parameters in the new cell. Further redistribution, e.g. continuous redistribution based on timer, could be also considered.
	

	Alt5b [16]
	CRS: Upon acquiring SIB including redistribution parameters, UE determines the redistribution targets (cell, freq) applicable at its location (cell only considered if best on freq) and given its capabilities. It determines persistence value ranges for each target (may include current freq) and selects a target based on a random draw. Regardless of whether UE moves, it starts a timer during which it ignores broadcasted redistribution parameters.

OSS: Can add the option for E-UTRAN to page, thereby stopping the timer and (if redistribution parameters are present in SIB) triggering a new distribution evaluation.
	Until the UE leaves coverage of the target, or upon timer expiry the UE finds that parameters are not broadcast

	Alt 6 [13] (ITRI)
	When UE receives the parameters from SIB, the cell reselection will be triggered.
	The redistribution will continuously work.

	Alt 7 [5, 6] – CSPP (Intel)
	We consider following options are feasible:

1) SI update, i.e. when the network broadcasts new redistribution information (priority, probability).
2) Timer based: upon expiry of the timer that is broadcast by network. The timer value corresponds to the minimum time of stay in the cell reselection procedure.
	The redistribution will be stopped when the network does not broadcast any redistribution information (priority, probability, timer).


Table 3.1-1
	Solution alternative
	How to do reselection?
	How to select portion of UE to be redistributed?

	Alt1[1]
	UE will follow current reselection rule. And no new rule is introduced in terms of priority. In addition personal Threshold_x_high is calculated and stored based on new parameter ThreshOffsetX/Cell in SIB5 to replace existing TheshX, highP/highQ  when doing evaluation of cell reselection
Note: reselection between equal priority and from low priority to high priority is not touched.
	UE will calculate personal Threshold_x_high after it acquires parameter TheshX, highP/highQ (per frequency or per cell) in SIB5 as following:
eThreshX/Cell, highP/highQ = TheshX, highP/highQ + ThreshOffsetX/Cell * Random [0, 1]
UE which has low eThreshX/Cell, highP/highQ and high Squal/Srelev of target cell will more likely reselect to target cell. Otherwise it will stay at current cell. If UE’s measurement result is updated then UE will re-evaluate whether it can reselect. By setting low ThreshOffsetX/Cell will make redistribution easier or otherwise difficult. 
Note: TheshX, highP/highQ  as well as random value will not be updated unless any parameter in above equation is updated.

	Alt 2 – OSS by Nokia Networks
	The UE may be triggered to do reselection when the OSS procedure is initiated. Other than that – there is no impact to the existing reselection procedures.
	eNB decides how many and which UEs to instruct. It can be done in multiple ways. NW can take advantage of the UE capabilities it is aware of (UE category, support of certain features:  Multi-Connectivity, MBMS, MDT, support for certain frequency Bands), type of terminal: Smartphone/MTC. Additionally, such aspects as Mobility State Estimation or even the type of previous service (Real-Time or Non-Real-Time) can be considered. 
Eventually, if there is a strong intention to incorporate a dose of randomization then the choice can be purely based on IMSI number (only a subset of UEs is anyway chosen during certain Paging occasion and this selection is associated with IMSI number).  

	Alt 3[3][12]
Kyocera
	The UE follow should the existing reselection with (a small extension of) frequency/cell priority handling, e.g., the UE considers the current cell as the lowest priority when it performs the reselection after receiving the page. 
	With the indication in the paging, the IMSI-based randomization is applied to determine a fraction of UEs, such as “the UE could perform the (special) cell reselection procedure if (IMSI mod Np) = Nr is fulfilled, wherein Np and Nr configured based on the expected probability and fairness among UEs. If Np and Nr are configured with 10 and 0 respectively, the probability of fulfilling the equation is 10%.” [12].  

Note: IMSI-based randomization could be considered as the deterministic selection of UEs, which offers stability even if it’s continuously triggered, i.e., CRS. 

The paging mechanism also has a capability to use PF/PO-based randomization using IMSI, although it might have not been suggested explicitly. Note that the eNB does not need to manage exact paging occasions of Idle UEs but just determine the number of PF/PO for its expected probability. 

	Alt 4 (Sony)
	Existing reselection criteria are applied, using either the legacy priority or the alternative priority (if selected based on UE-ID)
	Network broadcasts the percentage of UEs (e.g. if UE-ID mod 10 < 4 then use new priority means that 40% of UEs will use the new priority) or specific UE-IDs (E.g. UE-ID mod 10 = 1, 2, 5, 7 shall use new priority)

	Alt 4+ (Huawei)
	Similar to Alt 4 (Sony). Existing reselection criteria are applied, using either the legacy priority or the alternative priority (if selected based on UE-ID and optionally UE capabilities).
The network may further optionally broadcast an RSRP offset. After performing measurement of the target cell, the UE meeting conditions above reselect to the target cell only if RSRP of the target cell is the offset better than the RSRP of the serving cell. This is to avoid the UE from reselecting a cell with lower RSRP which leads to throughput degradation.
	Similar to Alt 4 (Sony). Network broadcasts the percentage of UEs (e.g. if UE-ID mod 10 < 4 then use new priority means that 40% of UEs will use the new priority) or specific UE-IDs (E.g. UE-ID mod 10 = 1, 2, 5, 7 shall use new priority).
Network may further optionally broadcast an indication of UE capability (e.g., D2D, DC). Only UEs having the indicated capabilities are considered to be selected for performing cell reselection.

The rationality behind this solution is that, the target cell may support a specific capability (e.g., D2D, DC), and the network may want UEs with the specific capability (e.g., D2D, DC) to reselect to that cell to maximize the throughput and network capacity.

	Alt 5 [16] (LG)
	Basically, UE will follow Frequency Priority with Probability (FPP) based load distribution mechanism. UE chooses a frequency by randomization evaluation associated with redistribution parameters (e.g. probabilities or redistribution factors) and considers the frequency having the highest priority. 
FPP seems to work better in Macro cell only deployment scenario. In order to enable effective redistribution towards small cells in Hetnet deployment scenario, we could consider providing cell list for the concerned together with FPP parameters. Then, UE will apply adjusted priority (highest priority) other than the original priority only if it detects a cell within the provided list on the concerned carrier. 
With such a cell list, triggering of re-distribution needs to be further elaborated; for example, whenever the UE recognizes that new cell is better ranked than the serving cell, the UE may need to re-trigger the redistribution evaluation.
	Randomization evaluation in FPP is applied to determine a fraction of UEs.

	Alt5 [16]
	Existing reselection procedures are re-used i.e. target selected based on random draw is merely considered to have higher priority.

We think re-selection would mainly be between equal priority carriers i.e. E-UTRAN would indicate targets only for frequencies of the same priority and UE would consider priority highest within this level. It is however easy to support redistribution across priorities.
	E-UTRAN broadcasts redistribution factors, based on which UE calculated persistence ranges and selects according to a random draw.

	Alt 6 [13] (ITRI)
	Based on the current cell reselection, UE needs to perform the probability test to decide whether or not to camp on the selected cell if receiving the cell-specific-probability.
	eNB could use the cell-specific-probability to control the portion of UEs to camp on.

	Alt 7 [5, 6] –CSPP (Intel)
	UE follows current cell reselection rule but priority is changed based on probability checking. 

If the priority of the cell on the target frequency is higher (or equal) than the one of the current serving frequency, it reselects to that cell acc. to the assigned probabilities to each cell and drawn random number.
	It is based on the configured probability.  

For example, X_pro is signalled. The X_pro of UEs tries reselection to the cell with cell specific priority. 


Table 3.1-2
	Solution alternative 
	What is the impact on measurement
	What is the impact on the specification

	Alt1[1]
	The loaded frequency/cell will be configured with relative lower absolute priority compared to intended target frequencys/cells. Then UE follow current measurement rule for frequency/cell with higher priority.
	One new parameter called ThreshOffsetX/Cell is introduced in SIB5. Reselection rule from low priority to high priority is updated by replacing TheshX, highP/highQ with eThreshX/Cell, highP/highQ

	Alt 2 – OSS by Nokia Networks
	Reception of a new set of priorities may result in additional measurements on the frequencies having higher priority. However, measurements are still executed in exactly the same manner as the legacy ones. 
	Paging message should be enhanced with new Information Elements to appropriately instruct the UEs. For instance: 

·   in case Paging is utilized to temporarily assign the highest priority to a certain carrier it should be extended with prioritisationTarget-r13 indicating EUTRA’s ARFCN to be prioritized and prioritisationTimer-r13 to inform how long such supreme priority is valid.
· In case Paging is used to run “deprioritization” (similar to deprioritisationReq since Rel.11 available in RRC Connection Reject)  it may contain deprioritisationType-r13 (but not necessarily as we consider deprioritization of a single carrier, not the entire RAT) and related timer: deprioritisationTimer-r13 to reflect the validity of deprioritization attempt.
· Paging can be also used to deliver entirely new set of priorities (the same as in case of Dedicated Priorities) but it may result in large signalling burden.
· Eventually, Paging can be used to trigger previously received priorities. Dedicated Priorities delivered in RRC Connection Release can remain inactive and may be triggered only when paging comprising applyDedicatedPriorities-r13 is received. Such message will simultaneously start associated counter (T320) to control the validity.

	Alt 3 [3][12]
(Kyocera)
	No impact. 
	Additional 1-bit is introduced in the paging message for the indication [3]. 

The IMSI-based randomization needs two new parameters in SIB, Np and Nr [12], while PF/PO-based randomization does not need any extension in SIB. 

An additional rule for the priority handling is introduced, i.e., to consider the current cell as the lowest priority. 

	Alt 4 (Sony)
	No impact. UE measures higher or lower priority layers based on existing rules.
	Impact is limited to 36.331. Additional priority can be signalled in SIB, and additional value specifying the percentage in SIB. Procedure specifies how to select the priority to be used. 36.304 is not impacted.

	Alt 4+ (Huawei)
	No impact. UE measures higher or lower priority layers based on existing rules.
	Some impact on 36.331.

If the optionally signalled RSRP offset is accepted, some small impact on 36.304 may be needed.

	Alt 5 [16] (LG)
	In case network provides a cell list for CSP or FPP+cell list for which priority adjustment is applied for the frequency of the cells in the list, UE may perform additional measurements to detect a cell in the list.  

Note that following legacy measurements based on priority does not work here because whether UE performs measurements of a frequency is controlled by relative priority difference between serving frequency and target frequency and signal strength/quality of the serving cell. It is difficult to detect and measure the CSP cells by the current measurement rules such as adjusting the relative frequency priorities or reselection measurement thresholds.
	Priority handling for redistribution needs to be added in order to allow detection of specified (small) cells.

	Alt5 [16]
	The trigger to perform a redistribution evaluation also triggers the UE to measure the frequencies of the redistribution targets (if not measured yet, and regardless of measurement rules. I.e. measurements are performed only when needed.

Note that we assume that redistribution normally is a slow mechanism, so this will not result in a significant measurement burden
	E-UTRAN broadcasts a redistribution timer, and for each target (freq, cell) a redistribution factor

If desired, a bit in Page could be added to trigger UEs to stop the timer and to check for new distribution parameters

	Alt 6 [13] (ITRI)
	No impact.
	The cell-specific-probability needs to be introduced.

UE needs to perform the probability test, before camping on the selected cell.

	Alt 7 [5, 6] –CSPP (Intel)
	It may increase the number for frequencies that the UE monitors compared to the existing cell reselection mechanism having the same frequency priority. However, according to the current inter-frequency measurement, the measurement requirement is scaled to the number of frequencies. Therefore, the increase of number of frequencies would not cause burden if the UE performs inter-frequency measurement.
	Broadcast of a cell specific priority list incl. cell reselection probability. Optionally, broadcast of Timer value for triggering of CSPP redistribution scheme. 
Update of UE cell reselection procedure acc. to CSPP.


Table 3.1-3
	Solution alternative 
	Anything else?
	

	Alt1[1]
	
	


Table 3.1-4
4. Summary
In step1, companies’ position is as following:
	Company name
	Scenario1 - CRS
	Scenario1- OSS
	Scenario2 – CRS
	Scenario2- OSS

	ZTE
	YES
	NO
	YES
	YES

	Nokia networks
	
	YES
	
	YES

	Kyocera
	Neutral
	YES
	Neutral
	YES

	Alcatel-Lucent
	YES
	Maybe, but not optimal
	Yes, but not optimal
	YES

	Intel
	YES
	NO
	YES
	To a  certain extent only

	Verizon
	YES
	Possible
	Possible
	YES

	Qualcomm
	YES
	Possible
	Inefficient
	YES


Table 4
There are totally 8 companies join the step 1 discussion. One company (LG) only has comments but no clear position so it is not taken into the account in table 4. 
Scenario 1:

For scenairo1, 5 out of 7companies expressing opinions think that CRS solution can cater for the requirement of scenario1 and 1 company is neutral.  2 companies think that OSS can meet the requirements for scenarios 1 at the same time 5 out of the 7 companies either think the opposite or suboptimal. 

Scenario 2:

6 out of 7 companies think OSS solution can cater for the requirement of scenario2 and one company also believe it can to certain extend. On the other hand, 2 companies think CRS solution can do the same job while 4 companies think either inefficient or suboptimal.  
Observation: CRS and OSS solutions are complementary solution for scenario1 and scenario2 respectively.
Among the 5 solutions, alt1 and alt6/alt7 have some commonality. Compared to existing cell reselection the main change is to put constrain on the reselection operation from frequency/cell with low priority to frequency/cell with higher priority. The selection of fraction of UE relies on schemes based on generated random value. Normally broadcast priority need be swamped before network start to activate these solutions by broadcast new parameters in SIB. Afterwards these solutions can work continuously. The main pro of these solutions is its simplicity and much less impact on specification compared other alternatives. And of course they are taken as CRS solutions.

Alt2/atl3, alt4 and alt5 also have some commonality. Compared to existing cell reselection the main change is how to get new priority information and how long to keep it from UE point of view. Once UE get new priority information UE will still follow existing measurement rule and existing cell reselection rule.  Alt2/atl3 and alt4 have similar way to select fraction of UEs to configure same priority information i.e. based on UE identity (paging occasion is also based on UE ID). On the other hand alt5 relies on generated random value against preconfigured redistribution factor(s). Because of the difference to configure the priority, alt2/atl3 is taken as kind of one-shot scheme i.e. OSS while atl4 and alt5 are taken as continuous scheme i.e. CRS.

Proposal1: to Agree on alt2/atl3 as OSS
Propsoal2: RAN2 decide one solution among alt1, [alt4], alt5, alt6/alt7 as CRS
Note: Alt 4 was proposed during email discussion. 
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