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1 
Introduction and Abstract

One of the typical usages of load information indication between neighbouring eNBs is load balancing and more specifically load information can be utilized to optimize HO threshold or HO decision. In case the load is in terms of UL interference, the load information can be utilized for UL interference coodination as agreed in RAN1 (i.e, for UL power control). As the nodal behaviour in the receiving eNodeB is expected to be vendor specific, the reason to trigger the load information exchange shall be unambiguous in the message.

Load balancing discussion has been showing so far many different definitions of load information, e.g., interference, general load (what ever this was meant to be, given in a percentage figure), available number of reference calls, etc. In this contribution, it is aimed to review the available definitions of the load, the usage of the load information and the mechanism to convey the information.

This contribution proposes to compliment the load information as currently available in TS 36.423 by indicating a overall scheduling resource view (again, PRB-wise) together with physical layer measurements along the proposals received from RAN1 in R3-071777.

2 
Discussion

2.1
Derivation of Load Information Indication properties

As it is assumed that the characteristic of the user traffic doesn’t need to be symmetric, the load information should be defined separately for UL and DL.

Conclusion 1: Load information shall be defined for UL and DL separately.

As explained in [2], general load (0-100%) will not serve the purpose. With only general load information, the receiving eNB would not know how much actual resource is avaible and what caused the load situation. Thus receiving eNB will not know how to react to reduce the load situation in the source. Therefore, the improvement in the definition of the load is necessary. Defining the load in terms of residual capacity is an interesting idea. However some problems were found to define the residual capacity as the number of reference VoIP calls. For instance, in case RT and non-RT traffics are mixed and all the capacities are filled with non-RT traffic, it is not easy to express the situation in terms of the number or reference VoIP call. i.e, Is the cell completely loaded or not? 

Conclusion 2: Load information shall be defined for RT and Non-RT separately, where applicable. 

Also, as the capacity of VoIP call is very sensitive to the delay budget for the VoIP packet, the packet scheduling method (dynamic or semi-persistent) etc, in multi-vendor environment, the same number of the reference VoIP calls could be interpreted differently. Thus it may not be easy to utilize capacity of VoIP call as the general load information.

The definition of load should be more concrete and more understandable, so that there shall not be any room to misinterprete the meaning of the load. One good candidate for this purpose would be to calculate the load in terms of the number of used (or unused) PRBs (Physical Resource Blocks). As the size of PRB is always the same, there is no room to misinterprete the load information. In case used PRBs are used for load definition, the frequence band should be delivered also so that the residual capacity can be calculated. This load information will be used for HO optimization or HO decision.

Conclusion 3: Load information shall be defined in terms of PRBs, where applicable.

To be more specific, the load information for HO optimization can be defined for RT and for non-RT. As RT traffic should include all the important time critical traffics, the RT traffic includes SAE GBR traffic, RRC messages and MAC-c PDUs. A weighted sum of the used PRBs for the scheduled users can be used as the per-TTI load measurement definition as follow;
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where index n is referreing to the n-th scheduled user in the TTI. Hence, the number of used PRBs per user is weighted with the ratio of number of bits used for GBR bearers + RRC messages + MAC-c PDUs versus the total number of transmitted bits (total TBS).  By applying a division of the total carried payload, it is possible to measure the effective PRBs that are used by ‘important’ traffic. For non-RT load can be calculated in a similar way.


[image: image2.wmf]))

(

)

(

)

(

(

)

(

_

_

n

TBS

n

TBS

n

TBS

n

TBS

TBS

C

Mac

RRC

GBR

SAE

total

RT

Non

-

+

+

-

=



[image: image3.wmf]å

×

=

n

total

RT

Non

used

TTI

load

NonRT

n

TBS

n

TBS

n

PRB

PRB

)

(

)

(

)

(

_

,

_


As load information per TTI sounds too dense, the measurement could be cumulated further for 100ms or 200 ms.

By knowing these two measurements with the carrier band of the source, target eNB can know exactly how much the source cell is loaded with RT traffic as wel as with Non-RT traffic.

Conclusion 4: The definition of the RT and Non-RT load shall be the portion of TBS used for RT traffic and Non-RT traffic respectively. 

Another form of load is interference. As RAN1 agreed only on exchanging UL interference information, this contribution does not discuss DL interference. The report of the UL interference should be optional.

Conclusion 5: Load information shall be defined in terms of UL Interference as well.

The measurement of Downlink relative transmitted power is an average value of the ratio between the total transmitted power (over the system bandwidth) and the maximum transmission power. It is measured per cell. The period to average this value shall be configurable via the OAM.

Assuming that most vendors will operate the system with constant Tx power per PRB, this measurement is approximately equivalent to have a measure of the used number of PRBs. Hence, the carrier Tx power measure can be used to determine whether a cell is operating in fractional load (only Tx on sub-set of the PRBs). The report of the DL relative transmitted power should be optional.
Conclusion 6: Load information shall be defined in terms of DL relative transmitted power.
2.1 Concluding grouping of aspects of Load Information Indication

2.2.1
Cell Level power indications for UL and DL

The first aspect of "load indiction" is related to conclusions 1 and 6 and to the LS received from RAN1 in R3-071777, where still an answer and a use case description needs to be provided. In this LS, RAN1 suggests to introduce the following L1 eNB measurements: "received total power" und "DL relative transmitted carrier power".

NSN totally agrees on the DL indication, whereas the UL indication should rather give a relative indication how far the interference introduced by traffic scheduled by the eNB on its own contributes to the total received WB power. The answer LS and the use case should be drafted in that sense.

2.2.2 UL interference indication

The second aspect is related to conclusion 5, i.e. the "UL ICIC", which to our understanding is still under discussion in RAN1 for some topics.
Stable RAN1 discussion status is currently reflected in TS 36.423 with the exchange of load information over X2, which is related to PRB-wise eNB UL interference measurements where a coarse indication is provided to neighbouring eNodeBs. There are currently discussions in RAN1 on a kind of “pro-active” scheme, where “a view into the near future” wrt to PRB scheduling plans for cell-edge users may be provided to neighbouring eNodeBs, but, as said this needs a stable discussion status in RAN1 first.

NSN expects final specification of X2 signalling to be introduced in 36.423, contributing to the overall "load indication" function on X2, but we are of the opinion, that RAN3 cannot act currently on that matter, until RAN1 has come to an agreement.

2.2.3
Indication of (cell wide) PRB usage

The third aspect is related to conclusions 1 – 4, the scheduling situation in the eNB - PRB-wise. NSN’s proposal is to indicate on X2 how many PRBs are utilized in DL/UL for RT and NRT traffic.

2.2.4
Summary of concluding grouping of “load aspects”

Taking all 3 aspects togehter, it is believed that sufficient and meaningful information is provided to allow inter-vendor eNB load balancing.

This results in the following information provided on X2 (excluding aspect 2 for now): 

-
DL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)
-
UL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)
-
DL used PRBs for Non-RT traffic during the fixed period with bandwidth (relative capacity)
-
UL used PRBs for Non-RT traffic during the fixed period with bandwidth (relative capacity)
-
a still to be definedUL Interference  indication during the fixed period
-
DL relative transmitted power  
The Uplink and Downlink traffic description (in %) for Physical Resource Block's used for real time and non real time services.
The Uplink interference during a fixed period (relative).
The Downlink relative transmitted power.
All information is related to a specific cell with a specific bandwidth in a specific time interval.
Load Information (LI): allows an eNodeB to indicate to its neighbour(s) that (a) certain resource block/s (RB’s) will be available for a possible handover from the neighbour eNodeB’s of one or multiple UE’s. This information can be used to avoid possible load situations in these eNodeB’s and optimize the whole network load situation (load balancing). The Load will be reported for UL and DL separately. In addition it will be distinguished between RT and Non RT traffic. The Load Information message is only send if the load for one of the parameter went over a configured threshold. The Load Situation IE can also be send during HO in the Handover Request and Handover Request Acknowledge message.
2.3
X2 Load Information message exchange with the reporting of available (used) resources

For optimized source eNodeB handover decisions and for network optimization (load balancing) the neighbour cells should send the “X2-AP Load Information” C-Plane message with the parameter “Load Situation”. The message is triggered if the load situation is above a configured load threshold for one of the parameters and must be answered from the target side. The parameter “Load Situation” should contain:


Type (Initiating, Response)


Cell ID’s


Frequency per Cell


Frequency bandwidth per Cell


Time interval per Cell for these measurements



>CellLevelPowerIndication




>>Relative UL Interference Level




>>DL relative transmitted power  
>UL interference overload indication




>> Intercell interference indicator for each resource block (coding is FFS)



>PRB usage




>>DL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)




>>UL used PRBs for RT traffic during the fixed period with bandwidth (relative capacity)




>>DL used PRBs for Non-RT traffic during the fixed period with bandwidth (relative capacity)




>>UL used PRBs for Non-RT traffic during the fixed period with bandwidth (relative capacity)

The “X2-AP Load Information” should be send threshold based. The value of the thresholds is FFS.

The “X2-AP Load Information” message with the parameter “Load Situation” can be used in the receiving eNodeB to initiate handover’s (HO’s) for one or multiple UE’s to these cell’s with available resources.

This procedure can also be used for network optimization (load balancing between eNodeB’s).

The Handover Request and Handover Request Acknowledge messages could also contain this “Load Situation IE” to have the actual load situation available on both sides during HO.

For indirect forwarding a new S1-AP C‑Plane message “Load Information” would be necessary to defined in order to transfer the “Load Situation IE” also over S1 to the target side or to piggyback this IE on one of the existing messages. It is FFS, if this should be possible over S1, or this procedure should only available on X2.

3
Proposal

It is proposed

-
to agree on the concept of defining an information exchange over X2 which is capable to provide a holistic view of the load situation.

-
to discuss the scenario description as shown below in chapter 4 (which should be liaised to RAN1, as requested)

-
to discuss the draft implementation for X2AP as shown below in chapter 5.

3 Use case description (based on R3-071973)

Template for eNodeB measurement/signalling standardization:

Name of the intended measurement/signalling:
Relative UL Interference Level
Description of the underlying scenario:


1° The eNodeB measures the Relative UL Interference Level (as defined below) per cell. 
2° The eNodeB averages this measurement value per cell over a time period that is configurable via the OAM. 


3° The eNodeB may exchange this average value with neighbour eNodeBs. Cell load information can be reported periodically or on event, depending on operator's requirements. Cell load information is conveyed between eNBs over the X2 interface by means of either dedicated X2 AP or if a HO “occasion” is available (criteria for selection of the HO “occasions” are FFS). 
4° Considering the load status of its controlled cell and of its neighbouring cells, the eNB decides or not to update the related handover margin and/or the cell reselection parameters. Decision is based on reference thresholds, configurable via OAM.
5° In case handover margin and/or the cell reselection parameters are updated, a message shall be sent from the eNB to the neighbour eNodeBs in order to update the related handover and/or cell reselection parameter(s) for the appropriate neighbouring relation(s).
6° Load and usage data may be sent to the OAM for reporting and long term statistics.








Essence of knowledge that needs to be gathered by this measurement/signalling:

Information about the load of the cell.

References to the use case:








Classify relevant group for standardizing the definition of the measurement:

RAN1/RAN2/SA5/RAN3

Indicate interface on which measurement/signalling is visible:

The average value of the measurement shall be exchanged on:

· X2 interface

· 
Type of reporting:

Periodic and/or event triggered for the X2 interface


Definition of the measurement/signalling (owner as indicated in 4):

The Relative UL Interference Level is a cell specific measurement to be transferred on X2 interface. It represents an average value of the ratio of the total UL interference introduced by traffic scheduled by the eNB on its own, compared to the total received WB power. The measurement window for averaging shall be configurable via the OAM.
Accuracy and granularity and measurement period (for physical measurements to be decided by RAN4):

Name of the intended measurement/signalling:
Downlink relative transmitted power
Description of the underlying scenario:


1° The eNodeB measures per cell the Downlink relative transmitted power.
2° The eNodeB averages this measurement value per cell over a time period that is configurable via the OAM. 

3° The eNodeB may exchange this average value with neighbour eNodeBs. Cell load information can be reported periodically or on event, depending on operator's requirements. Cell load information is conveyed between eNBs over the X2 interface by means of either dedicated X2 AP or if a HO “occasion” is available (criteria for selection of the HO “occasions” are FFS). 

4° Considering the load status of its controlled cell and of its neighbouring cells, the eNB decides or not to update the related handover margin and/or the cell reselection parameters. Decision is based on reference thresholds, configurable via OAM.

5° In case handover margin and/or the cell reselection parameters are updated, a message shall be sent from the eNB to the neighbour eNodeBs in order to update the related handover and/or cell reselection parameter(s) for the appropriate neighbouring relation(s).

6° Load and usage data may be sent to the OAM for reporting and long term statistics.












 

Essence of knowledge that needs to be gathered by this measurement/signalling:

DL relative transmission power is deemed to be necessary information for neighbouring eNBs in order to avoid unnecessary HO attempts and load oscillations within the system.
Indications of the actual load figure avoids hard decisions at the source eNB side and hence guarentees the possibility to implement sophisticated HO/cell reselection policies.
References to the use case







Classify relevant group for standardizing the definition of the measurement:

RAN1/RAN2/SA5/RAN3

Indicate interface on which measurement/signalling is visible:

The average value of the measurement shall be exchanged on:

· X2 interface

· 
Type of reporting:

Periodic and/or event triggered for the X2 interface



Definition of the measurement/signalling (owner as indicated in 4):

The measurement to be transferred on interfaces (both X2 and northbound interfaces) is an average value of the ratio between the total transmitted power (over the system bandwidth) and the maximum transmission power. It is measured per cell. The period to average this value shall be configurable via the OAM.
Accuracy and granularity and measurement period (for physical measurements to be decided by RAN4):


5
Text proposal to 36.423

8.2
Basic Mobility Procedures

8.2.1
Handover Preparation

8.2.1.1
General

This procedure is used to establish necessary resources in a eNodeB for an incoming handover.
8.2.1.2
Successful Operation


[image: image4.emf] 
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Figure 8.2.2-1: Handover preparation: successful operation
The source eNodeB initiates the procedure by sending the HANDOVER REQUEST message to the target eNodeB. If at least one of the requested SAE bearers is admitted to the cell, the target eNodeB shall reserve necessary resources, and send the HANDOVER REQUEST ACKNOWLEDGE message back to the source eNodeB. 
If the HANDOVER REQUEST message also contains the Load Situation IE the target eNB shall include target eNB related load information in the Load Situation IE within the HANDOVER REQUEST ACKNOWLEGE message as decribed in section 9.2.x. The target eNodeB shall include the SAE Bearers for which resources have been prepared at the target cell in the SAE Bearers Admitted List IE. The target eNodeB shall include the SAE bearers that have not been admitted in the SAE Bearers Not Admitted List IE with an appropriate cause value..
For each bearer in the SAE Bearers Admitted List IE, the target eNodeB can include the DL GTP Tunnel Endpoint IE for the SAE bearers it wants data forwarding to be performed.
Editors note: Detailed analysis of tunneling handling for data forwarding is FFS. The following topics related to data forwarding have been identified (non exhaustive list):

· Which node (source or target eNB) decides on how data forwarding should be performed (and the related signalling).

· Forwarding of DL packets is done to prevent loss of data at the HO, forwarding of UL packets is done to enable in-sequence delivery. Should it be possible to do forwarding selectively (UL only, DL only, UL and DL, or no forwarding) or is it sufficient with UL and DL together, or no forwarding.
· The relation between the GTP tunnel end point allocated by the HANDOVER REQUEST ACKNOWLEDGE message, and corresponding GTP tunnel endpoints allocated in the S1 Path Switching message is FFS.

If the Trace activation IE is included in the HANDOVER REQUEST message then eNB should initiate the requested trace function as described in 32.422. 

8.2.1.3
Unsuccessful Operation
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Figure 8.2.3-1: Handover preparation: unsuccessful operation
If the target eNodeB is not able to accept any of the SAE bearers or a failure occurs during the Handover Preparation, the target eNodeB shall send the HANDOVER PREPARATION FAILURE message to the source eNodeB. If the HANDOVER REQUEST message also contains the Load Situation IE the target eNB shall include target eNB related load information in the Load Situation IE within the HANDOVER PREPARATION FAILURE message as decribed in section 9.2.x. The message shall contain the Cause IE with an appropriate value.
8.2.1.4
Abnormal Conditions

8.3

Global Procedures

8.3.1

Load indication

8.3.2.1
General

The purpose of the Load indication procedure is to transfer the cell specific load information between intra-frequency neighboring eNodeBs for load balancing purpose.
8.3.2.2
Successful Operation
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Figure 8.x.1: Load Indication 
An eNodeB initiates the procedure by sending LOAD INFORMATION message to intra-frequency neighbouring eNodeBs. The LOAD INFORMATION message may either carry interference overload indication within the Interference Overload Indication IE, or indication related to PRB usage in the PRB Usage IE,or cell level power indications for UL and DL in the Cell Level Power Indication IE. The Load indication procedure shall be used to send an overload indication when the eNB reaches any of the configured load thresholds. After sending the LOAD INFORMATION message a timer TLoad and the Counter NLoad are started.
If an eNB receives a LOAD INFORMATION message with the Response Indicator IE set to “response required”, the eNB shall respond with a LOAD INFORMATION message containing the Response Indicator IE set to “no response required” and at least load indications for which it has received information.
8.3.2.2
Abnormal Conditions
If the Timer TLoad expires the LOAD INFORMATION message shall be repeated with the actual overload or load values updated. The counter NLoad shall be incremented. If the counter NLoad is reaching the value “Max repetition” the procedure shall be stopped. 
Note:
The values for TLoad and NLoad (0 – Max repetition) is FFS.
9.2
Messages for Basic Mobility Procedures

9.2.1
HANDOVER REQUEST

This message is sent by the source eNodeB to the target eNodeB to request the preparation of resources for a handover.

Direction: eNodeB ( eNodeB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	
	

	Old eNB UE X2AP ID
	M
	
	
	eNB UE X2AP ID allocated at the old eNB


	
	

	Target Cell ID
	
	
	
	
	
	

	UE Context Information
	M
	
	
	
	
	

	> MME UE S1AP ID
	M
	
	
	MME UE S1AP ID allocated at the MME


	
	

	> SAE Bearers To Be Setup List
	M
	
	
	
	
	

	>> SAE Bearer Info
	
	1 to <maxnoof SAEbearers>
	
	
	
	

	>>> SAE Bearer ID
	M
	
	
	
	
	

	>>> UL GTP Tunnel Endpoint
	M
	
	9.2.1
	SGW tunnel endpoint. For delivery of UL PDUs
	
	

	>>> RB type (QCI)
	M
	
	
	
	
	

	> RRC Context
	M
	
	
	to transfer UE RAN context, details are FFS
	
	

	UE History Information
	M
	
	9.2.3
	
	
	

	Trace activation
	O
	
	9.2.2
	
	YES
	ignore

	Load Response Indicator
	C-LoadSituationPresent
	
	9.2.x
	
	
	

	Load Situation
	O
	
	9.2.y
	
	
	


Editors Note: The details of required IEs to transfer RRC context, security information, roaming restriction information, potentially some user plane related context, etc., are left FFS.
Editors Note: It has been identified that this message also needs to include information on how target eNB should contact MME.

9.2.2
HANDOVER REQUEST ACKNOWLEDGE

This message is sent by the target eNodeB to inform the source eNodeB about the prepared resources at the target.

Direction: eNodeB ( eNodeB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	
	

	Old eNB UE X2AP ID
	M
	
	
	eNB UE X2AP ID allocated at the old eNodeB


	
	

	New eNB UE X2AP ID
	M
	
	
	New eNB UE X2AP ID allocated at the new eNodeB


	
	

	SAE Bearers Admitted List
	
	
	
	
	
	

	> SAE Bearer Info
	
	1 to <maxnoof SAEbearers>
	
	
	
	

	>> SAE Bearer ID
	M
	
	
	
	
	

	>> DL GTP Tunnel Endpoint
	O
	
	
	Target eNB tunnel endpoint. For delivery of DL PDUs
	
	

	SAE Bearers Not Admitted List
	
	
	
	
	
	

	> SAE Bearer Info
	
	1 to <maxnoof SAEbearers>
	
	
	
	

	>> SAE Bearer ID
	M
	
	
	
	
	

	>> Cause
	M
	
	
	
	
	

	Target eNodeB to Source eNodeB Transparent Container
	M
	
	
	It includes HO info for the UE
	
	

	Load Response Indicator
	C-LoadSituationPresent
	
	9.2.x
	
	
	

	Load Situation
	O
	
	9.2.y
	
	
	


9.2.3
HANDOVER PREPARATION FAILURE

This message is sent by the target eNodeB to inform the source eNodeB that the Handover Preparation has failed.

Direction: eNodeB ( eNodeB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	
	

	Old eNB UE X2AP ID
	M
	
	
	eNB UE X2AP ID allocated  at the old eNodeB


	
	

	Cause
	M
	
	
	
	
	

	Load Response Indicator
	C-LoadSituationPresent
	
	9.2.x
	
	
	

	Load Situation
	O
	
	9.2.y
	
	
	


9.2
Messages for Global Procedures

9.2.1
LOAD INFORMATION

This message is sent by an eNodeB to neighbouring eNodeBs to transfer the Interference Overload Indication. Additional load information might be added to this message FFS.

Direction: eNodeB ( eNodeB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	YES
	reject

	Cell Information
	
	1 to maxCellineNB
	
	
	EACH
	ignore

	>Cell ID
	M
	
	
	
	-
	

	>Load Response Indicator
	C-LoadSituationPresent
	
	9.2.x
	
	
	

	>Load Situation
	O
	
	9.2.y
	
	
	


9.2.x
Load Response Indicator

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Response Indicator
	M
	
	Boolean
	TRUE = Response required, FLASE = no response required
	
	


9.2.y
Load Situation

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Cell Level Power Indication
	O
	
	
	
	
	

	> Relative UL Interference Level
	M
	
	FFS
	FFS
	
	

	> DL relative transmitted power
	M
	
	FFS
	FFS
	
	

	UL Interference Overload Indication
	O
	
	
	
	
	

	> Overload Indication per PRB
	M
	1..<maxnoofPRBs>
	FFS
	Intercell interference indicator for each resource block (coding is FFS)
	-
	

	PRB Usage
	O
	
	
	
	
	

	> DL PRB’s for RT traffic
	M
	
	INTEGER (1..maxnoofPRBs)
	FFS
	
	

	> UL PRB’s for RT traffic
	M
	
	INTEGER (1..maxnoofPRBs)
	FFS
	
	

	> DL PRB’s for N-RT traffic
	M
	
	INTEGER (1..maxnoofPRBs)
	FFS
	
	

	> UL PRB’s for N-RT traffic
	M
	
	INTEGER (1..maxnoofPRBs)
	FFS
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