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1 Introduction

Based on the email discussion (reference), different requirements and opinions seem to be guiding RAN2 to standardize two schemes dubbed CRS and OSS (details). 

In this paper, we will show that both schemes have shortcomings, most of them correctly pointed out during the discussions. 
We then try to synthesize a solution that has the advantages of both approaches. 
2 Analysis of the problem and solutions
2.1 Scheme Classification

This is an attempt to classify the schemes discussed as part of this work item, in two views.

On the left side, there is a listing of the criteria for redistribution.

On the right side, we classify the solutions described in the email discussion [1], which are meant to distribute the criteria and trigger the redistributions. 
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Figure 1 Scheme classification

We can already see an interesting mix of CRS and OSS in a couple of the solutions already on the table.
2.2 Scheme Challenges
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Figure 2 Scheme challenges

Figure 2 shows the constraints that CRS and OSS families of solutions face. The challenges for both schemes are somewhat mirrored. 
CRS automates the UE redistribution process. This automation brings these challenges:

· By default, UEs encountering new SIBs would perform a re-evaluation. High mobility UEs will need a hysteresis mechanism that works across cells/frequencies, and potentially RAT changes.

· If the evaluation is done frequently (short timers), the distribution may not be stable and there is a power cost in making measurements and decisions at the UE.

· If the evaluation is done infrequently (long timers), the convergence may be slow for sudden bias in the system (eMBMS for example).

· Frequent network updates will result in a paging load. Infrequent updates suffer from longer latencies to achieve the right distribution.

OSS “manually” redistributes the UEs, which has the converse problems:

· A constant sustained bias will require a repetition of the paging process (not a “one shot” process).

· A limit on the paging frequency caps the reaction time of OSS.

2.3 A simplified model

If we view the network as a group of cells on different frequencies j, we can’t assume a relationship of the coverage of cells across frequencies. 
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Figure 3 Simplified Network Model

But, for a particular cell, we can divide the UEs in three groups:

· UEs moving in the cell (Ii), who can further be divided into:

· UEs physically moving within the same frequency (Ii,j)

· UEs reselecing from another frequency (Ii,k)

· UEs moving out of the cell (Oi), who can further be divided into:

· UEs physically moving within the same frequency (Oi,j)

· UEs reselecing from another frequency (Oi,k)

· UEs that are stationary (Si,j)
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Figure 4 Users in a Cell

We would like to highlight the effect of the proposed schemes on the 5 classes of UEs above.
2.4 Analysis of the current solutions
The first table summarizes how the requirements agreed in RAN2 #89bis [2] are addressed by both CRS and OSS, and from the kick off email of the email discussion [1].
	
	CRS
	OSS

	89bis#1
	Yes. May require adjustments and hysteresis mechanisms.
	Yes. May require reapplication.

	89bis#2
	Yes.
	Not automatically. It requires a network action (decision and potentially page) upon each cell reselection.

	89bis#3
	Yes
	Yes

	89bis#4
	Yes? (many possible scenarios)
	Yes? (many possible scenarios)

	89bis#5
	Yes
	Yes

	89bis#6
	Yes, through additional rules.
	Yes, through additional rules.

	89bis#7
	?
	?

	Long term bias adjustment 
(Scenario 1 in email discussion)
	Better suited as it presents a continuous counter action to long term bias.
	Requires constant network intervention to fight bias.

	Strong Short Term Bias 
Response Time
(Scenario 2 in email discussion)
	Slow reaction time, or otherwise high SIB/paging load.
	Better suited as it offers fast and selective reaction.


Table 1 Commonly discussed criteria

	Agreed Requirements in RAN2 #89bis
1)
It should be possible under network control to re-distribute among the different carries a fraction of users currently camped on these carriers

2)
It should be possible under network control to distribute among the different carries a fraction of users moving into the cells from other cells

3)
Different deployment scenarios should be supported – macro only networks, co-channel and inter-frequency small cell deployments

4)
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) 

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

6)
The solution should avoid a user ping-pong among carriers

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




We make two observations:
1. That the requirements are largely addressed by both CRS and OSS, except for 89bis#7, where both schemes seem to fall short under certain conditions.
2. Thus, CRS and OSS seem to cater to different problems.

In addition to the most discussed topics above, we would like to point out the following issues, some of which were mentioned in past discussion papers:
	
	CRS
	OSS

	Intra Freq Mobile UEs 

(Ii,j and Oi,j)
	Normal mobility (Intra-Frequency) may result in inter-frequency reselections. 
Alternatively, a hysteresis timer could be run across cells.
	Not affected

	Inter Freq Mobile UEs
(Ii,k and Oi,k)
	Successive reselections (ex Ping Pong) should be managed via standard rules.

	Stationary UEs
(Si,j)
	Affected periodically.
	Not affected, unless selected to move.

	Number of Reselections
	Increase larger than OSS (because of the above).
	Increase is minimized.

	Location Area Updates
	Load may increase more than OSS if different frequencies are in different LACs (because of the above).
	Load may increase if different frequencies are in different LACs.

	
	Neither scheme offers a way to reduce Paging Load as they are not IMSI based.

	Paging Load
Minimize re-pages
	Load will increase if frequent SIB updates are needed.
	Load will increase per the design of the feature.

	
	Neither scheme offers a way to reduce Paging Load they are not IMSI based.

	Service based load balancing
	Could be addressed by either scheme. Some of the logic depends on the user’s activity, thus UE based.


Table 2 Additional criteria
3 Unified Redistribution Proposal
Instead of standardizing both solutions as discussed in the email discussion, this is a proposal for a merged scheme that tries to take the best of both worlds. These proposals focus on the delivery and triggering of the redistribution and should be further adapted with regard to what are the criteria and rules being conveyed.
This solution allows for CRS and/or OSS style schemes, depending on the scenario faced by the operator.

Proposal 1: The network may broadcast:

· Proposal 1a: A probability of reselection to a neighbor frequency, if that neighbor frequency satisfies the suitability critieria as defined in 36.304, subclause 4.3.
· Proposal 1b: The probabilities are specific to the target LTE frequency (and as agreed earlier potentially to cells).
· Proposal 1c: A deprioritisationType {cell, frequency}, and a deprioritisationTimer {min5, min10, min30, min60}, during which the UE shall deprioritize the current frequency (similar to the rel-11 feature).
· Proposal 1d: A flag determining whether the deprioritization rules shall be evaluated upon entering this cell.

· Proposal 1e: A change in this information does not require a change in the tag value. 
Proposal 2: The network may page UEs to apply the above probabilities.
Proposal 3: The UE shall apply the above probabilities of reselection:

· Proposal 3a: When entering this cell, if the appropriate flag is set (proposal 1b).
· Proposal 3b: Upon receiving a broadcast page, in its dedicated paging opportunity. 

· Proposal 3c: The UE shall ignore such pages when encountered outside the dedicated paging opportunities for this UE.
4 Conclusion

Instead of adopting two solutions, it is proposed to adopt the solution described in section 3, which combines the advantages of both solutions being discussed.
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