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Discussion
1
Introduction

The enhancement of capacity while ensuring fairness was discussed at RAN3#87bis. This paper tries to discuss this issue further based on the TP in R3-150865 and provide possible updated TP to the TR for approval.
2
Discussion
R3-150865 captures the discussion at RAN3#87bis based on the contributions provided by R3-150527, R3-150611, R3-150625 and R3-150641. On the other hand, R3-150805 raises the following principle observation.
Observation 6
If we agree to keep the principle of independent RRMs in each involved eNBs, gains in co-ordinated radio resource usage between eNBs has to be examined under the assumption that different implementations are allowed to act differently upon the information exchanged via X2.

This observation seems to propose keeping the principle of independent RRMs in each eNB, and any MAC level coordination should not be performed. However, R3-150527 and R3-150440 showing the significant gain of capacity* enhancement does not break the principle of independent RRMs since each MAC allocates its resource by its own by taking the useful information from the other eNB into account. In addition, DC by default violates the principle for independent RRM - to make an example, in uplink power headroom reports relative to cells served by the MeNB are also transmitted to the SeNB, and vice versa. It is up to each scheduler (i.e. it is implementation specific) how to use this information.
* “capacity” can be defined as the “load” that can be carried in the system while guaranteeing a certain “outage” (in these simulation results, 5%-ile user throughput performance). This measure of the “capacity” is quite widely used when using 3GPP FTP traffic model.
· Q1: Does company see some benefit of capacity enhancement while ensuring fairness among non-DC and DC UEs?
	Company
	YES/NO
	Reason

	Nokia Networks
	YES
	Not only for the case between non-DC UEs and DC UEs as shown in our simulation results, but also applied to the case between DC UEs and DC UEs.

	ZTE
	YES
	The same view as NN.

	NEC
	YES/NO
	Yes for capacity enhancement.
While, “fairness” here should be clarified. More specifically, what is a target in terms of “fairness”?
The most important thing would be radio resources for non-DC UEs should not be starved due to many radio resource allocations to DC UEs in both MCG and SCG. If this is the intention, answer is YES. Otherwise, FFS.

	China Telecom
	YES
	The need of ensuring fairness is same as CA scenario. In CA scenario, it is only an implementation issue for only one MAC entity and one RRM function in eNB side. But since there are two independent RRMs in DC scenario, some functions should be introduced to ensure fairness.

	ALU
	YES
	The same view as NN.

	China Unicom
	YES
	The same view as NN.

	Huawei
	YES
	There could be some benefits in some scenarios.

	NTT DOCOMO
	YES
	The same view as NN.


Proposal 1: It is beneficial to enhance capacity while ensuring fairness among non-DC and DC UEs.
· Q2: Does company have any concern to use MAC level information between MeNB and SeNB?
	Company
	YES/NO
	Reason

	Nokia Networks
	NO
	It should be possible to improve capacity. There is no harm to use MAC level information because each eNB can schedule by its own even though some additional information is provided by the other eNB (some eNB implementation may even disregard such information). It is more flexible, especially for split bearer where PDCP and RLC are located in separate eNBs.
However, to capture this aspect and make more flexible implementation, we propose to add another solution to use UE throughput history information at MeNB (this does not need to be MAC level information), which is sent from MeNB to SeNB only, and conclude as follows.
There are some possible solutions to enhance capacity while ensuring fairness for non-DC UEs and DC UEs. Those solutions are recognized as optional feature and provided by optional parameter. (The down selection of the solution is TBD, and may be added according to the decision in this discussion.)

	ZTE
	NO
	For some MAC scheduler, the related MAC level information, e.g., throughput information is critical. We don't see any problem to use it.

	NEC
	
	What is MAC level information? 
We assume that UE throughput history information could be based on “Scheduled IP Throughput” defined in TS36.314.

	China Telecom
	NO
	MAC level information is unclear in current specification. Considering the X2 delay and the difference of MAC schedule algorithm between vendors, we propose to define another parameter (e.g, UE TH history information) to assist system capacity improvement.

	ALU
	YES
	Control plane solution is better and avoids a lot of MAC signalling.

	China Unicom
	NO
	Exchanging of MAC level information, such as UE throughput, improves network performance.

	Huawei
	NO
	We do not see any concern.

	NTT DOCOMO
	NO
	We don’t see any concern to use MAC level information. But, the details of MAC level information need to be clarified


One additional concern that it needs to ensure that each RRM should not be in trouble resulting in degrading capacity by receiving additional information was raised to Q2.

Proposal 2: There is no issue to exchange MAC level information. However, it needs to ensure that each RRM should not be in trouble resulting in degrading capacity by receiving additional information. Therefore, it is necessary to clearly define the UE throughput history information.
During the discussion at RAN3#87bis, the following two issues were raised as FFS.
NOTE:
Whether the improvement of total system throughput can be applicable to the case of low load situation is FFS.
NOTE:
Whether the improvement of total system throughput can be applicable to GBR bearers is FFS.
For the first FFS, it is not so easy to define what is low load or high load situation. Even in case of low load situation, there may be some benefit. 
· Q3: Would company define and clarify the first FFS (low load situation) further?
	Company
	YES/NO
	Reason

	Nokia Networks
	NO
	It is not so easy to define what is low load or high load situation. In addition, the small cell eNB can get quite quickly into high load situation, e.g. when a non-DC with high GBR is admitted in the small cell eNB or when an (non-DC non-GBR) FTP download reaches the window size of 1..2MB which then may arrive in one chunk at S1 of SeNB. Therefore, we propose to remove this FFS.

	ZTE
	NO
	The load situation impact on DC seems out of the scope of this discussion.

	NEC
	
	Rather than considering the applicability, it should be considered whether any enhancement/solution is necessary in low load situation. We consider it would not be necessary for specific to low load situation.

	China Telecom
	No
	The same view as ZTE

	ALU
	Yes
	The targeted gain also applies in case of low load situation.

	China Unicom
	NO
	The same view as NN.

	Huawei
	No
	The same view with ZTE.

	NTT DOCOMO
	NO
	We agree to NEC’s view that we have to look into the potential issue in low load situation if we continue the discussion on it. 


Proposal 3: It is not necessary to have specific solution for low load situation.
For the second FFS, it seems more related to non-GBR bearers rather than GBR bearer. 
· Q4: Would company define and clarify the second FFS (GBR bearer) further?
	Company
	YES/NO
	Reason

	Nokia Networks
	NO
	It may be better to focus on non-GBR bearer in this issue. However, we don’t think it is necessary to limit in this study.

	ZTE
	NO
	GBR bearers do not suffer the fairness problem as severe as non-GBR bearers.

	China Telecom
	NO
	Since the GBR bearers usually have higher priority than non-GBR bearers,  we don’t think it will suffer the fairness problem. 

	ALU
	NO
	Focus is primarily on non-GBR bearers.

	China Unicom
	NO
	The same view as NN.

	Huawei
	NO
	There should be no issue for GBR bearers.

	NTT DOCOMO
	NO
	We agree with ZTE and CT


Proposal 4: It is not necessary to have specific solution for GBR bearer.
· Q5: Which solution does company prefer to support?
	Company
	Section in TP
	Reason

	Nokia Networks
	4.4.X.2.1 or 4.4.X.2.2
	It is important for the SeNB to know how much throughput the MeNB is providing to DC users. 4.4.2.X.1 is more accurate than 4.4.2.X.2. However, 4.4.2.X.2 seems acceptable.
For other　options,　it　is　not　possible　for　the　SeNB　to　know　the　throughput　served　at　the　MeNB. This will result in less capacity enhancement.

	ZTE
	4.4.X.2.1
	4.4.2.X.1 is the most accurate solution.

	NEC
	4.4.X.2.1
	From technically speaking, 4.4.X.2.1 is preferable compared to others.
It should be noted that 4.4.X.4 (Releasing SCG) can be already performed by NW implementation in Rel-12 DC. However, the Rel-13 SI aims at enhancing Rel-12 DC, e.g. system/user throughput enhancement. So, this would not be sufficient.

	China Telecom
	4.4.X.2.1
	From the point of view to improve the overall system performance, the fairness of resource allocation in SeNB also shall be considered. The DC UE may be allocated less resource than non-DC UE. Therefore the MeNB should provide the UE history throughput information per bearer to SeNB.

	ALU
	4.4.X.2.3
	In order to minimize the signalling the control plane solution is the most efficient. Indeed for capacity gain it is sufficient to ensure that only one of the two nods spend the costly resources effort to maintain fairness at a given point in time, hence a simple coordination over X2AP is good enough.

	China Unicom
	4.4.X.2.1
	It is the most accurate and preferable solution.

	NTT DOCOMO
	4.4.X.2.1
	4.4.X.2.1 is the accurate and straight forward


Proposal 5: It is proposed to support 4.4.X.2.1 (bidirectional UE throughput history information exchange).
· Q6: Is TP provided in Section 4 acceptable to company? If not, which part should be modified?
	Company
	YES/NO
	Reason

	Nokia Networks
	YES
	In general, yes. However, the down selection to 4.4.X.2.1 or 4.4.X.2.2 should be done during the study phase if possible.

	ZTE
	YES
	Original Section 4.4.2.X.3 could be merged into 4.4.2.X.2 in the direction from SeNB to MeNB;
Original Section 4.4.2.X.4 seems not clear on how SeNB could guarantee the fairness, therefore we prefer to delete this option.
E/// made nice draft on original solution 4.4.2.X.3 and 4.4.2.X.4, here we merge them together.

	NEC
	
	A new subsection should be newly added, E/// proposal “4.4.x
Suggested Methods to enhance system throughput in the presence of UEs configured with DC and without DC”, here we copy that to here.

	ALU
	4.4.X.3
	The part describing the control plane solution has been modified in a non acceptable way. At the same time we understand the wish to combine the two variants of control plane solution in a same section 4.4.X.3. The combined section has therefore been provided here-below.  

	China Unicom
	YES in general
	Down selection to 4.4.X.2.1 should be included in conclusion section.

	NTT DOCOMO
	Yes
	As pointed out by NEC, we are not sure whether we should list 4.4.X.2.4 as solution since it is existing method. 


Proposal 6: It is proposed to agree on the TP provided in Section 4.
3
Conclusions
Proposal 1: It is beneficial to enhance capacity while ensuring fairness among non-DC and DC UEs.
Proposal 2: There is no issue to exchange MAC level information. However, it needs to ensure that each RRM should not be in trouble resulting in degrading capacity by receiving additional information. Therefore, it is necessary to clearly define the UE throughput history information.
Proposal 3: It is not necessary to have specific solution for low load situation.
Proposal 4: It is not necessary to have specific solution for GBR bearer.
Proposal 5: It is proposed to support 4.4.X.2.1 (bidirectional UE throughput history information exchange).
Proposal 6: It is proposed to agree on the TP provided in Section 4.
4
Text Proposal to the TR36.875
Beginning of Text Proposal
4.4.2
X2-UP flow control
4.4.2.1
Ensuring delay target

SeNB and MeNB need to ensure that maximum delay targets of QCI (e.g., 2 or 4) for split bearer are not exceeded.
Some alternatives are identified:

Solution 1: SeNB takes the transmission delay between MeNB and SeNB into account. The SeNB can calculate the delay from SeNB to UE by subtract an additional delay from the delay between MeNB and UE. The details can be left to implementation.
Solution 2: This solution is to introduce timestamp information (i.e. time the PDU has been queued in MeNB) within the DL USER DATA (PDU Type 0) frame under assumption of synchronized network.

Solution 3: This solution is to introduce a discard indication sent from the MeNB to the SeNB. The MeNB may, based on internal mechanisms e.g. the expiry of an internal timer, decide to initiate the discard indication. Upon receiving of discard indication, the SeNB needs to discard the particular RLC SDUs.
Solution 4: This solution is to introduce delivery timer as an indication in the SeNB to discard the PDCP PDU when after the timer expires when still the PDCP PDU cannot be transmitted to the UE.
Ensuring packet delay target should not be a significant problem since SeNB may know the delay from MeNB to SeNB by Solution 1 above.
NOTE:
Whether re-ordering delay in SeNB needs to be further studied is FFS.

4.4.2.2
X2-U UL packet loss
In Release 12 DC, handling of X2-U DL packet loss is supported by observing whether consecutive X2-U SNs are received at the SeNB in X2-U DL packets. Loss of the report of packet loss may cause an issue. A possible solution is the SeNB to keep the PDCP-PDU loss indications included in the successive DL DATA DELIVERY STATUS frames until explicitly confirmed by MeNB. Alternatively implementations could foresee e.g. repeat the status reporting; or to set an appropriate PDCP reordering window and PDCP status reporting parameters. Taking above analysis into account, there are several implementation specific solutions possible to handle X2-U UL packet loss.
4.4.X
Proposed Methods to enhance capacity in the presence of UEs configured with DC and without DC
4.4.X.1
Problem Statement

For split bearer, it has been investigated whether overall capacity enhancement might benefit from coordinating radio resource usage between the MeNB and the SeNB serving the UEs configured with DC.
It has been further investigated whether UEs not configured with DC or not capable of performing DC could benefit as well from coordinating radio resource usage between the MeNB and the SeNB serving the UEs configured with DC.

It has been recognized that capacity could be improved by coordinating radio resource usage between the MeNB and the SeNB among DC UEs and non-DC UEs. This is because if a DC UE is being served by one eNB with enough allocation of radio resources, the other eNB may decide to prioritize allocation of its radio resources to other UEs.
The new user plane and control plane solutions were studied and also recognized that each RRM should not be in trouble even if it receives additional information from the other.
4.4.X.2
Proposed Solutions
4.4.X.2.1
User Plane solution 1: Bi-directional exchange of UE throughput history throughput information
This solution introduces UE throughput history information in DL USER DATA frame and DL DATA DELIVERY STATUS frame defined in TS 36.425 [x]. This parameter indicates the UE throughput history per bearer at eNB, which is provided in a certain period with average UE throughput served by the eNB only when there is data to be transmitted to the UE (i.e. average user throughput should only be updated when there is data to be sent to the UE otherwise “zero” value is included).
In order to make sure that each RRM should not be in trouble resulting in degrading capacity, it is necessary to clearly define the UE throughput history information.
As example, how to capture this solution in TS36.425 is provided below.

In Section 4.1 (General aspects) and Section 5.1 (General), it may be necessary to capture functional description.
· One eNB may take UE throughput history information for the UE from the other eNB into account for the radio resource allocation.
In Section 5.2 (X2 user plane protocol layer services), the following bullet can be added as function.
· Information of average UE throughput history
In Section 5.4.1.1 (Successful operation), the following statement can be added.
· The MeNB provides average UE throughput history in a certain period to the SeNB.
In Section 5.4.2.1 (Successful operation), the following field can be added as part of DL DATA DELIVERY STATUS frame.

e)
UE throughput history, only updated when there is data to be scheduled to the UE.
In Section 5.5.2.1 (DL USER DATA), the following field can be added in Figure 5.5.2.1-1.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	spare
	UE Thr. Hist. Ind.
	1

	X2-U Sequence Number
	2

	DL UE Throughput History
	4

	UL UE Throughput History
	4

	Spare extension
	0-4



Figure 5.5.2.1-1: DL USER DATA (PDU Type 0) Format
In Section 5.5.2.2 (DL DL DATA DELIVERY STATUS), the following field can be added in Figure 5.5.2.2-1.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Spare
	UE Thr. His. Ind.
	Final Frame Ind.
	Lost Packet Report
	1

	Highest successfully delivered PDCP Sequence Number
	2

	Desired buffer size for the E-RAB
	4

	Minimum desired buffer size for the UE
	4

	Number of lost X2-U Sequence Number ranges reported
	1

	Start of lost X2-U Sequence Number range
	4* (Number of reported lost X2-u SN ranges)

	End of lost X2-U Sequence Number range 
	

	DL UE Throughput History
	4

	UL UE Throughput History
	4

	Spare extension
	0-4



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format

In Section 5.5.3, the following parameters can be described as well as UE Throughput History Indication which indicates the existence of those.
5.5.3.x
DL UE Throughput History
Description: This parameter indicates the DL UE throughput history at eNB. This parameter is provided in a certain period with average UE throughput scheduled by the eNB only when there is data to be scheduled for the UE (i.e. average user throughput should only be updated when there is data to be scheduled to the UE otherwise “zero” value is included).
Value range: {0..232-1}. 

Field length: 4 octets.

5.5.3.y
UL UE Throughput History
Description: This parameter indicates the UL UE throughput history at eNB. This parameter is provided in a certain period with average UE throughput scheduled by the eNB only when there is data to be scheduled for the UE (i.e. average user throughput should only be updated when there is data to be scheduled to the UE otherwise “zero” value is included).
Value range: {0..232-1}. 

Field length: 4 octets.
4.4.X.2.2
User Plane solution 2: Uni-directional exchange of UE throughput history throughput information
This solution introduces UE throughput history information in DL USER DATA frame defined in TS 36.425 [x], and utilizes the existing flow control mechanism as the input of the information for the direction from the SeNB to the MeNB. This parameter indicates the UE throughput history per bearer at MeNB, which is provided in a certain period with average UE throughput served by the MeNB only when there is data to be transmitted to the UE (i.e. average user throughput should only be updated when there is data to be sent to the UE otherwise “zero” value is included). However, it was recognized that bi-directional exchange of UE throughput history is more accurate information available than this solution.
4.4.X.2.3
Control plane solution: Ensuring provision of minimum QoS by only one eNB involved in DC through coordination between MeNB and SeNB over X2AP

This solution considers that for UEs in dual connectivity a simple coordination over X2AP between the two eNBs allows spending the effort to ensure fairness by only one of the two nodes when such resources are costly.

Variant 1:

This solution is applicable especially to the case the SeNB takes over the task to ensure fairness from the MeNB among DC UEs when it is less costly in terms of resources for the SeNB. More precisely, the MeNB ensures fairness for the UE split bearer until it detects that radio conditions enable SeNB to ensure fairness and at lower cost. The MeNB sends a SeNB Modification Request message to delegate to the SeNB to ensure fairness.
Later on, the MeNB can take over back the task to ensure fairness if conditions have deteriorated in the SeNB and the cost to ensure fairness in terms of resources has become high in SeNB. The solution is depicted here-below:
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Figure 4.4.X.2.3-1: Fairness delegation
Variant 2:
This solution is applicable in similar conditions as variant 1. However the triggers are different: The MeNB sends a SeNB Modification Request message to request the SeNB to ensure a minimum QoS commitment for the split (non-GBR) bearer. This can be through signalling a minimum bit rate or a minimum inter-packet interval to be ensured.
Later on, the MeNB can take over back the task to ensure fairness if conditions have deteriorated in SeNB and the cost to ensure fairness has become high in SeNB. The MeNB sends a new SeNB Modification Request message to the SeNB for cancelling the previous request to ensure a minimum QoS commitment for the split (non-GBR) bearer. The cancellation can be indicated through signalling a minimum bit rate equal to zero, or a particular dummy value for a minimum inter-packet interval to be ensured. The solution is depicted here-below:
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Figure 4.4.X.2.3-2: Minimum QoS Commitment
While adding additional information to the messages of the SeNB Modification procedures is possible, it has been pointed out that the MeNB can have similar information by means of the flow control. It is recognized that user plane solutions are simpler and straight forward.
4.4.X.2.4
Releasing SCG
Important information to which the MeNB has direct access is the current link quality observed at both the MCG and SCG. To that respect, the MeNB is the “real master” of the SCG as it may decide based on UE measurements when to add and when to remove SCG resources – and naturally, the SeNB is dependent on the MeNB interpretation of the UE measurements.
The MeNB in turn is dependent on the admission control decisions of the SeNB. The SeNB can very well request the release of a bearer or the release of the whole SCG or not admit SCG resources in the first place.

In this solution, the frequent SeNB release and addition operation may happen and it is already possible in Release 12. Therefore, it is not recognized as enhancement.

Next Text Proposal
5
Conclusions
Location Reporting Enhancement
There is no clear requirement to enhance the Location Reporting from pure location accuracy purpose.

UE-AMBR coordination over X2
In order to optimize the overall throughputs for the UE and avoid restrict the bitrate unnecessary, UE-AMBR coordination over X2 is feasible in Release 13.
CSG support for Dual Connectivity

CSG support for hybrid access HeNBs acting as SeNBs has been identified as the only option for future normative work.

Handover Enhancements
Data Forwarding: No standardisation impact was identified during the study.
Ensuring delay target
Ensuring packet delay target should not be a significant problem since SeNB may know the delay from MeNB to SeNB.
X2-U UL packet loss
There are several implementation specific solutions possible to handle X2-U UL packet loss. No standardized solution will be further pursued.

Capacity enhancement in the presence of UEs configured with DC and without DC
There are some possible solutions to enhance capacity in the presence of UEs configured with DC and without DC. Bi-directional exchange of UE throughput history throughput information has been identified for future normative work. In order to make sure that each RRM should not be in trouble resulting in degrading capacity, it is necessary to clearly define the UE throughput history information during normative work.
LIPA in the dual connectivity:
Use cases for LIPA are covered by use cases for SIPTO with co-located L-GW. The conclusion for SIPTO with collocated LGW can be applied to LIPA.
End of Text Proposal
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