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1 Introduction 
In the RAN1#51Bis meeting, the load balancing mechanism was discussed. A reply LS in [1] has been sent to RAN 2 and RAN 3 to inform the outcomes of the agreements in RAN 1. In this contribution we provide further details about the signalling involved in order to have the achieve the load balancing. 
2 Measurement Definitions  
RAN1 has discussed the physical layer measurements needed to support efficient load balancing and have agreed that the measurements of the physical resource block usage in uplink and downlink are relevant for this use case. They have proposed 4 different measurements listed below for this purpose

· M1
Physical resource block usage for GBR (real time traffic) on UL

· M2
Physical resource block usage for non-real traffic on UL

· M3
Physical resource block usage for GBR (real time) traffic on DL

· M4
Physical resource block usage for non-real time traffic on DL
All these measurements are defined as a ratio (percentage) of the used PRBs for a type of traffic over the available PRBs in the same direction over a certain time interval, and are measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.
Further, RAN 1 believes that it is would be sufficient if this control is done at a periodicity in the order of seconds to minutes, or even at a slower rate depending on the expected traffic fluctuation such as for busy hours.
Details of the signalling for load balancing mechanism is yet to be defined. In the next section we explore different options of how the measured quantities are signalled over X2 interface and what parameters Handover and reselection parameters could be re-configured. 
3 Signalling Over X2
3.1 All eNB informs measured load information to other neighbors

This is the simplest scenario where each eNBs informs measured load information to all the neighbors to which they have an established X2 connection by sending for example : Resource Status Update Message periodically. Alternatively, this information may be piggy-backed on dedicated messages.
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Figure1.  Simple Resource Status Update procedure
As different vendor’s eNBs may implement different algorithms which would process the Resource Status Update Report at different intervals, using a one fixed interval for reporting may result in reports being sent too frequently and the eNB just discarding large number of these reports. For example if the Load balancing algorithm operates every 5 seconds, a Resource Status Update reporting interval is fixed at say 1 sec then 4 out of 5 reports may be discarded.

3.2   eNB requests load information selectively from neighbor eNBs 

An eNB may request the neighbouring eNB to send load information in the fashion it likes (based on the implemented RRM algorithm). For example the requesting eNB may indicate in the Resource Status Request to the neighbouring eNB if it needs Load information to be reported just once, or periodically, or in an event driven fashion whenever any of the corresponding multiple event occurs. 
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Figure 2. Master Slave based Resource Status Update Procedure
We call this as a Master Slave configuration where the requesting eNB is the master and can request the information in the format it desires.

If the Master eNB has indicated that Load information is needed just once the Slave eNB would just send the Load information Message once and this ends the 2-way transaction

Optionally, the slave eNB may send load information to Master eNB, periodically and/or in response to predefined events, as requested by the Master eNB. Additionally, Master eNB may specify the Averaging Time, Reporting Period, Absolute Threshold, Relative Threshold, Cell IDs for which it wants the Load Information in Load Information Request Message. This would allow reporting of the load information based on the Reporting period specified by the Master eNB so that it could efficiently utilize this information in multi vendor scenario in an implementation specific algorithms efficiently.
If the Load Information Request includes multiple events in the reporting characteristics, then the Load Information message can include this attribute to indicate which event triggered the report by setting the corresponding bit position in the attribute.
It should be noted that in general each eNB is having both the Master (in Asking Resource Status Information) and Slave (Providing Resource Status Reports) roles. However, an eNB may not implement a load balancing algorithm and in this case shall act only as a slave in providing the Resource Status report to neighbouring eNB which may be considered to be mandatory.

Alternatively we could have more sophisticated procedure similar to Common Measurement Procedure defined in UMTS over Iur interface where there is a response to a Resource Status Request such as Resource Status Response as shown in Figure 3 Compared to option 2 it provides the eNB to reject the Resource Status Request in case it does not supported a requested measurements.
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Figure 3a Common Measurement like Resource Status Update Procedure (Successful Initiation)
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Figure 3b Common Measurement like Resource Status Update Procedure (Unsuccessful Initiation)
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Figure 3c Common Measurement like Resource Status Update Procedure (Termination)

Such a procedure will require 5 messages as compared to Master Slave Configuration proposed in Figure 2.However, if it is mandatory for each eNB to provide Resource Status update to other neighbouring eNB then such a response/ failure message may not be needed. 

Such an options would allow reporting of the load information based on the Reporting period specified by the Master eNB so that it could effectively utilize resource status information in multi vendor scenario allowing the implementation specific algorithms perform efficiently.  Furthermore, the redundant signalling over X2 could be reduced.

4 Relation to Load information Procedure

Presently Load information Procedure is defined in [3]. The purpose of the Load indication procedure is to transfer the uplink Interference Overload Indication between intra-frequency neighboring eNodeBs for interference coordination purpose.
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Figure 4. Existing Load Information Procedure
An eNodeB initiates the procedure by sending LOAD INFORMATION message to intra-frequency neighbouring eNodeBs. The LOAD INFORMATION message can carry interference overload indication. The Load indication procedure shall be used to send interference overload indication when the eNB experiences too high interference level on some resource blocks.

The proposed Resource Status update procedure can incorporate the above procedure if the Resource Status Update Report could be autonomously sent by slave eNB to the neighbouring Master eNBs who have requested Resource status update and have intra frequency cells whenever UL interference exceeds a particular threshold in its own cell. Hence for the sake of simplicity we propose to merge these to procedures together. We could call the merged procedure either as Resource Status Update or Load Information Procedure, whichever seems more appropriate.
5 Associated SON functionality
The Load Information within the eNB can be utilized to dynamically control Handover and Cell (Re-) Selection parameters of the cell controlled by eNB through internal SON entity. The mechanism is shown in Figure 3.

Figure 4. SON Functionality associated with Resource Status Update Procedure
Cell re-selection parameters that could be updated are. [How to apply it to Intra frequency case is FFS as it is based in ranking of cells.] 
1. Inter-frequency reselection priorities
2. layer specific offset
Hand Over parameters that can be configured are

1. Hysteresis
2. Time to trigger
3. etc.
6 Conclusions

In this contribution we discuss different options for exchanging information about the Resource Status between eNBs. We believe that Master /Slave kind configuration would be very flexible in providing the resource status reports to the implementation specific RRM algorithms in a multi -vendor scenario and should be adopted. We urge RAN 3 to agree on the proposed Master/Slave kind of reporting option and the associated text proposal in [4] for X2AP specs.
7 References

[1] R1-080601, Reply LS on Load balancing, RAN 1
[2] 25.423 3GPP Specification for RNSAP
[3] 36.423 3GPP Specifications for X2AP

[4] R3-080389 CR for Text proposal for Details on Load Balancing and ICIC Signalling Mechanism.
O&M





eNB2





Initial HO and Cell


 Reselection Parameters





eNB1





Updated HO and Cell Reselection Parameters





Delivered to UE either via BCCH or Dedicated Signalling





SON





 X2 Resource Status Req





 X2 Resource Status Update 





eNB3





X2 Resource Status Req





 X2 Resource Status Update 








































































_1263630931.doc






RESOURCE STATUS RESPONSE











 eNB







RESOURCE STATUS UPDATE















RESOURCE STATUS UPDATE



















RESOURCE STATUS UPDATE



















eNB











































 RESOURCE STATUS REQUEST




















_1263631186.doc






RESOURCE STATUS FAILURE











 eNB



















































eNB











































 RESOURCE STATUS REQUEST




















_1263631616.doc














 eNB



















































eNB











































 RESOURCE STATUS TEMINATION REQUEST




















_1263300654.doc






RESOURCE STATUS UPDATE











 eNB







RESOURCE STATUS UPDATE















RESOURCE STATUS UPDATE



















RESOURCE STATUS UPDATE



















eNB











































 RESOURCE STATUS REQUEST




















_1248262809.doc














eNB



















































eNB











































LOAD INFORMATION




















