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Introduction
It has been already agreed for dual connectivity operation that the only RRC entity is laid in the MeNB while there is one RRM entity in each eNB. Therefore, the MeNB and the SeNB could allocate radio resource on their own with this structure, which perhaps leads to the excess of the parameters shared by the MeNB and SeNB.
Discussion
Table 2.1 presented the parameters shared by the MeNB and the SeNB in the dual connectivity. 
Table 2.1 Parameters shared between MeNB and SeNB
	
	Shared Parameters

	UE Radio Access Capabilities
	Maximum number of DL-SCH transport block bits received within a TTI

	
	Maximum number of UL-SCH transport block bits transmitted within a TTI

	
	Total number of DL-SCH soft channel bits

	
	Total layer 2 buffer size

	
	maX2umberROHC-ContextSessions

	
	supportedBandCombination

	QoS
	UE-AMBR


The parameter “maX2umberROHC-ContextSessions” and the parameter “supportedBandCombination” could be categorized as semi-static parameters, which could be easily coordinated and assigned between the MeNB cell and SeNB cell. So it is unnecessary to worry about the excess of these two parameters.
The other parameters could be categorized as dynamic parameters for the adjustment granularity of them is TTI, which is difficult to coordinate and assign between the MeNB cell and SeNB cell, so it is possible that the values of these parameters are exceeded. Therefore, it is necessary to find out the method to cope with the excess.
This contribution mainly focuses on the excess of these dynamic parameters and the solutions.
Solutions to prevent the excess of the parameters in UE Radio Access Capabilities
There are mainly two kinds of solutions to prevent the excess of the parameters in UE Radio Access Capabilities:
1. SeNB and MeNB comprehend each other’s serving cell configuration;
2. MeNB grants a part of the UE capability to the SeNB;
Analysis of solution 1
With this solution, the MeNB and SeNB could get the configurations of each other, and one may be aware of the remaining UE capability or QoS of the other based on the configurations. 
However there are also some problems in this method:
1. It is difficult to keep the parameters such as “Maximum number of DL-SCH transport block bits received within a TTI” from being exceeded, for the bit number transmitted in a TTI could only be determined by the length of MAC PDU, the MCS and coding rate, which have no relative to the configuration but the user and radio condition;
2. There is long time delay in X2 interface for it is non-ideal, so it’s difficult to coordinate the parameters of which the adjustment granularity is TTI;
3. There is possibility that MeNB and SeNB trigger the traffic at the same time, in which case new configurations from MeNB and SeNB may be risky of exceeding shared parameters;
4. Whether and how to configure the SeNB when the MeNB reject the UE configuration provided by SeNB is complicated and need further study;
5. Keeping the configurations informed to each other may lead to massive additional signalling in X2 interface.
Proposal 1: Keeping the configurations comprehended to each other between MeNB and SeNB should not be considered.
Analysis of solution 2
The core of this solution is the split of those dynamic parameters in UE Radio Access Capabilities. This solution could be the simplest one to prevent those dynamic parameters from being exceeded. However, it is very important to analyze the influence of this solution on the per-UE throughput, for it seems that this solution has negative influence on per-UE throughput which is one of the main purposes of dual connectivity.
In order to illustrate the influence of Method 2, a comparison could be carried out between this solution and the normal reception in dual connectivity, taking the parameter “Maximum number of DL-SCH transport block bits received within a TTI (referred as ‘parameter 1’ later)” as an example. The normal reception in dual connectivity mentioned here is that the UE could optional discard the data (need retransmitting) from MeNB Cell or SeNB Cell upon the amount of data within one TTI larger than the value set by parameter 1.
The assumptions of the comparison are presented below:
1. To simplify the model, at most two TBs are expected in one TTI and each from one cell;
2. The reception of TB from MeNB Cell is always assumed as successful for all the RRC signallings is transmitted by MeNB Cell, so the TB from SeNB Cell will be discarded upon the excess of parameter 1;
3. The probability of the excess of parameter 1 i.e. collision is assumed as P, 0<P<=1;
4. The average bit rate of MeNB Cell is assumed as a bits/TTI, while b bits/TTI for SeNB Cell without considering HARQ error rate;
5. The HARQ probability is 10%, and the maximum transmission number is assumed as H;
6. The split of parameter 1 is based on the average bit rate of each cell, that is, the maximum could be used by SeNB Cell is the product of the radio b/(a +b) and the value of parameter 1 ;
Based on assumption 2, it could be concluded that the throughput of MeNB Cell is same for solution 2 and the normal reception, and is:
ThroughputM = a / 1.7856
For the normal reception, the throughput of SeNB Cell is:
ThroughputS =b/1.7856/(1+1.1*P)
For solution 2, the throughput of SeNB Cell is following assuming collided transmission will be limited to allocated part of UE capability:
ThroughputS = (1-P) * Throughput + P*[b / (a+b)]*Throughput,
ThroughputS = b /1.7856 *(1-a/(a+b)*P) ,


Figure 1
From Figure 1, we can have following observation:
1. If there is no collision i.e. P=0 between MeNB and SeNB, both MeNB and SeNB will not be impacted in terms of throughput. 
2. If b > a, which is the most normal case, to split UE capability can always achieve higher throughput for SeNB. And the bigger the parameter b is, the better this approach. This is because UE’s capability is split based on the ratio b/a
3. Only when b<=0.91*a i.e. (0.09+b/a) <=1, it is possible that normal reception scheme will be better then split approach. But it is very unlikely considering the intention of small cell is to improve the throughput by reusing spectrum in a small by few UEs.
The same operation could be applied to the parameter “Maximum number of UL-SCH transport block bits transmitted within a TTI (referred as parameter 2 later)” and the same observation could also be found.
Observation 1: When the split of parameter 1 and parameter 2 is variable based on the traffic on both cells in dual connectivity, the total throughput of solution 2 is better than that of normal reception.
For parameter “Total number of DL-SCH soft channel bits”, it defines the total number of soft channel bits available for HARQ processing in the downlink. It could be found from [2] that there is a linear relationship between the value of this parameter and the value of the parameter 1. Therefore, the configuration of this parameter for dual connectivity UE could be based on the configuration of the parameter 1.
For parameter “Total layer 2 buffer size”, it defines the total layer 2 buffer size consisting of the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers. It also could be found from [2] that there is also a linear relationship between the value of this parameter and the sum of the parameter 1 and parameter 2. Therefore, the configuration of this parameter for dual connectivity UE could be based on the configuration of the parameter 1 and parameter 2.
The linear relationships (i.e. multiple relationships) between parameter “Total number of soft channel bits” and the sum of parameter 1 are presented in table 2.2.2-2, and the linear relationships between parameter “Total number of soft channel bits” and the sum of parameter 1 and parameter 2 are presented in table 2.2.2-3.
Table 2.2.2-2 linear relationships (i.e. multiple relationships)
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI 
	Total number of soft channel bits
	Multiple Relationships

	Category 1
	10296
	250368
	24.32 (Note)

	Category 2
	51024
	1237248
	24.25 (Note)

	Category 3
	102048
	1237248
	12.12

	Category 4
	150752
	1827072
	12.12

	Category 5
	299552
	3667200
	12.24

	Category 6
	301504
	3654144
	12.12

	Category 7
	301504
	3654144
	12.12


NOTE: From Rel-10, in order to efficiently utilize the limited buffer, the UE performs the decoding in the temporary buffer and stores the soft bits upon decoding failure only.
Table 2.2.2-3 linear relationships (i.e. multiple relationships)
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI 
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Total layer 2 buffer size [bytes]
	Multiple Relationships (x8)

	Category 1
	10296
	5160
	150 000
	9.70

	Category 2
	51024
	25456
	700 000
	9.15

	Category 3
	102048
	51024
	1 400 000
	9.15

	Category 4
	150752
	51024
	1 900 000
	9.42

	Category 5
	299552
	75376
	3 500 000
	9.34

	Category 6
	301504
	51024
	3 300 000
	9.36

	Category 7
	301504
	102048
	3 800 000
	9.42



Proposal 2: In order to maximize the per-UE throughput in dual connectivity while prevent parameters in UE Radio Access Capabilities from being exceeded, UE capability could be split between MeNB and SeNB and the granted part of UE capability should be variable based on the traffic on both cells.
The problem in uplink much less severe due to the fact that normally uplink traffic is lighter compared to downlink. But in case it occurs, the same solution can be also used for uplink.
Proposal 3: the same solution can be adopted for both downlink and uplink
Methods to prevent the excess for QoS Parameter
The QoS parameter UE‑AMBR limits the aggregate bit rate that can be expected to be provided across all Non‑GBR bearers of a UE. Each of those Non‑GBR bearers could potentially utilize the entire UE‑AMBR.
For user plane architecture 3C, UE‑AMBR is unnecessary to coordinate as there is only one PDCP entity in MeNB, and the MeNB could in control of the assignment of this parameter. For user plane architecture 1A, UE‑AMBR should be coordinated as there are two PDCP entities in MeNB and SeNB respectively. 
Different from those dynamic parameters in UE Radio Access Capabilities, UE-AMBR is a statistic parameter, so it is unnecessary to coordinate it with the granularity of TTI. However, as the main function of UE-AMBR is to limit the aggregate bit rate in uplink and downlink, there is certain relationship between this parameter and the per-UE throughput. Therefore, this parameter could be assigned based on the split of dynamic parameters in UE Radio Access Capabilities or the statistic information of the traffics on both eNodeBs in a certain length of time. 
Proposal 4: For user plane architecture 1A, UE-AMBR could be assigned based on the split of dynamic parameters in UE Radio Access Capabilities or the statistic information of the traffics on both eNodeBs.
Proposal
For the solutions to prevent the possible parameter excess:
Proposal 1: Keeping the configurations comprehended to each other between MeNB and SeNB should not be considered.
Observation 1: When the split of parameter 1 and parameter 2 is variable based on the traffic on both cells in dual connectivity, the total throughput of solution 2 is better than that of normal reception.
Proposal 2: In order to maximize the per-UE throughput in dual connectivity while prevent parameters in UE Radio Access Capabilities from being exceeded, UE capability could be split between MeNB and SeNB and the granted part of UE capability should be variable based on the traffic on both cells.
Proposal 3: the same solution can be adopted for both downlink and uplink
For the shared QoS parameter:
Proposal 4: For user plane architecture 1A, UE-AMBR could be assigned based on the split of dynamic parameters in UE Radio Access Capabilities or the statistic information of the traffics on both eNodeBs.
Reference
[1] TR 36.822 Enhancements for diverse data applications;
[2] TS 36.306.
Annex
The real throughput over Uu interface will be reduced by a factor which is roughly equal to potential delay due to HARQ retransmission. 
Assuming H=4, the delay is (1 + 8*10% + 16*(10%) 2 + 24*(10%) 3) *0.9 i.e. 1.7856 ms
So the throughput of SeNB over Uu is b/1.7856 without considering ARQ delay due to the resident error.
For the normal reception i.e. without split of UE capability, when collision occurs, the discarded packet could be xth (re)transmission of HARQ on SeNB equally, the collision will result extra delay in MAC layer as following:
Delay due to loss of 1st transmission:  0.9*(0*1+8+16*10%+24*(10%) 2)
Delay due to loss of 2nd transmission: 0.9*(1+0*8+16*10%+24*(10%) 2)
Delay due to loss of 3rd transmission: 0.9*(1+8*10%+0*16+24*(10%) 2)
Delay due to loss of 3rd transmission: 0.9*(1+8*10%+16*(10%) 2+24*0)
So the average extra delay is 3.753ms. Considering the collision possibility P, the throughput over Uu interface of SeNB 
ThroughputS= b/((1-P)*1.7856+P*3.753)
ThroughputS =b/1.7856/(1+1.1*P)
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