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1   Introduction
At RAN2#81, RAN2 started the discussion on the Release-12 study item “Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects”. In [1], we discussed the potential solutions and architecture to support multiple streams aggregation from multiple nodes. During offline discussion, some issues were raised on data routing part, i.e. how to handle S1-U? In [2], the solution on small cell GW to solve the challenge on signalling load was analyzed. In this paper, from complexity, backhaul impact, security impact, the gain on challenges, etc aspects we further analyze and compare the possible solutions and architectures for small cell enhancement.  
2   Discussion
At last meeting, two solutions were raised to solve challenges caused by small cell deployment. One is dual connectivity [1]; another is small cell GW [2]. For dual connectivity solution, as discussed in [1], from the point of view of system complexity, signaling load caused by mobility and mobility robustness, for a dual connectivity UE, only one S1 connection to the MME is desirable. Considering the main debate on dual connectivity architecture is how to handle S1-U. To reduce possible architecture, for dual connectivity we only discuss the possible architectures based on assumption that “for a dual connectivity UE, there is only one S1 connection to the MME”. The details on S1-C and signaling load evaluation are discussed in [6].
2.1   Potential solutions and architectures
Dual connectivity-architecture 1: Data streams routing via Macro eNB
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Figure 1: Logical architecture for data streams routing via Macro eNB
Assumption for this solution:

· Macro eNB has S1-C with MME and S1-U with S-GW;

· Small cell node may have direct S1-C with MME and S1-U with S-GW;

· Only one S1 connection to the MME via Macro eNB for dual connectivity UE;

With this solution, multiple streams aggregation is transparent to the S-GW. There is only one S1-U connection for multiple streams aggregation UE, which is between the Macro and the S-GW. Data streams are transferred from S-GW to Macro eNB, and then may be forwarded to Small cell node which is up to Macro eNB on how to split data. With this architecture, we can support multiple streams aggregation in RB level or packet level between eNBs.
Dual connectivity-architecture 2: Data streams routing via S-GW
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Figure 2: Logical architecture for data streams routing via S-GW
Assumption for this solution:
· Macro eNB has S1-C with MME and S1-U with S-GW;

· Small cell node may have direct S1-C with MME;

· Small cell node has direct S1-U with S-GW;

· Only one S1 connection to the MME via Macro eNB for dual connectivity UE;

S1-U connection is configured per Node or per cell for multiple streams aggregation UE. Data streams are transferred from S-GW to Macro or small cell node directly. Considering S-GW has no idea on channel condition, it is difficult for the S-GW to do packet level routing. And if we go for packet level routing, lots of changes are needed for CN. Therefore with this architecture, supporting multiple streams aggregation in RB level is realistic.  Some details are listed as below:

· For initial setup of Bearer: Maybe there is no impact on CN, but some changes between Macro and small cell are needed. The procedure is like: 
1 The S-GW allocates TEID to the eNB via the MME; 
2 The MME gets the eNB’s TEID and transfers it to the S-GW. 
NOTE: During this procedure, Macro should tell the small cell the TEID for particular EPS bearer, and ask the small cell to provide eNB’s TEID for this EPS bearer.
· For small cell node change: CN impact cannot be avoided because partially path switch is not supported.
Small cell GW-architecture 3:
To resolve the impact on CN due to frequent HO, small cell GW solution was proposed in [2].
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Figure 3: Logical architecture 3 for small cell GW
The small cell change within the small cell GW will be handled by small cell GW itself. There is no impact on CN. Small cell GW acts as CN or proxy of small cells for this case. 
2.2   Comparison on potential solutions and architectures 
In this section, we use following metrics to evaluate these potential solutions;

Impact:

· Backhaul impact;
· System complexity (other group impact, specification impact, etc);

· Security impact;

Gain on challenges:
· Mobility robustness gain;
· System capacity/ per-user throughput gain;
· Reduction of Frequent handovers (signaling load);
Backhaul impact:
There are two possible backhaul deployments as:
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Figure 4: Backhaul deployment scenario 1                     Figure 5: Backhaul deployment scenario 2

Assumption:

· Tm: the traffic volume which is transferred via Macro eNB to the UE;
· Ts: the traffic volume which is transferred via Small cell node to the UE;
· Ts1: the traffic volume which is transferred via Small cell node 1 to the UE;
· Ts2: the traffic volume which is transferred via Small cell node 2 to the UE;
For architecture 1:

· With backhaul deployment scenario 1:

The traffic volume on Router1 is Tm +2*Ts; the additional traffic volume is 1*Ts

The traffic volume on Macro eNB is Tm +1*Ts; the additional traffic volume is 1*Ts
· With backhaul deployment scenario 2:

The traffic volume on Router1 is Tm +1*Ts; the additional traffic volume is 0;
The traffic volume on Macro eNB is Tm+1*Ts; the additional traffic volume is 1*Ts
For architecture 2:

· With backhaul deployment scenario 1:

The traffic volume on Router1 is Tm +1*Ts; the additional traffic volume is 0;

The traffic volume on Macro eNB is Tm; the additional traffic volume is 0;

· With backhaul deployment scenario 2:

The traffic volume on Router1 is Tm +1*Ts; the additional traffic volume is 0;
· The traffic volume on Macro eNB is Tm; the additional traffic volume is 0;
For architecture 3:
·  With backhaul deployment scenario 1:

The traffic volume on Router1 is 2*(Ts1 +Ts2); the additional traffic volume is 1*(Ts1 +Ts2);

The traffic volume on small cell GW is 1*(Ts1 +Ts2); the additional traffic volume is 1*(Ts1 +Ts2);

· With backhaul deployment scenario 2:

The traffic volume on Router1 is 1*(Ts1 +Ts2); the additional traffic volume is 0;

 The traffic volume on small cell GW is 1*(Ts1 +Ts2); the additional traffic volume is 1*(Ts1 +Ts2);
System complexity (other group impact, specification impact, etc):
For architecture 1:

· Changes are within RAN group;   
For architecture 2:

· For small cell node is changed, partially path switch is needed; So RAN group and SA group have to be involved;

For architecture 3:
·  The functionality and corresponding signaling should be defined for the new node small cell GW. RAN group and SA group have to be involved;
Security impact:
For architecture 1:

· As analyzed in [3], if splitting layer is not above PDCP, security is not impacted.

For architecture 2:

· Data streams for particular EPS bearer are transferred from S-GW to small cell node directly; therefore small cell node has to do ciphering itself. Some issues need to be solved as below:

· Which Security key should be used in small cell node?

· From where the small cell node gets the security key?

· How to synchronize the UE and the small cell node on Key derivation?

All above issues should be discussed and confirmed in SA3. 

For architecture 3:

· If small cell GW acts as CN, shall it to derive KeNB/NH and transfer it to small cell node upon “path switch”?

Mobility robustness gain:
For architecture 1:

· As analyzed in [4], mobility robustness gain can be achieved by dual connectivity.

For architecture 2:

· As analyzed in [4], mobility robustness gain can be achieved by dual connectivity.

For architecture 3:

· Small cell GW cannot manage UE directly; therefore we cannot get mobility robustness gain from it. 

System capacity/ per-user throughput gain:
For architecture 1:

· As analyzed in [5], packet based splitting via Macro can achieve maximum usage of resources. Therefore the throughput and system capacity are highest.
For architecture 2:

· As analyzed in [5], RB based splitting can improve the usage of radio resources. Therefore we can get some gain from it. 
For architecture 3:

· Without multiple streams aggregation, we cannot improve the usage of radio resources. Therefore no gain on this aspect. 

Reduction of Frequent handovers (signaling load):
For architecture 1:

· As analyzed in [6], the total signaling load cannot be reduced. But if we only consider signaling load towards CN, we can get gain from this architecture.
For architecture 2:

· No benefit on reduction of signaling load. 

For architecture 3:

· As analyzed in [2], the total signaling load cannot be reduced. But if we only consider signaling load towards CN, we can get gain from this architecture.
We summarized above analysis in Table1 as below:
Table 1: architecture comparison
	Metrics
	Architecture 1
	Architecture 2
	Architecture 3

	Backhaul impact;
	Deployment scenario 1: has impact on router1 and Macro ;
Deployment scenario 2: has impact on Macro;
	No impact; 


	Deployment scenario 1: has impact on router1 and small cell GW; 

Deployment scenario 2: has impact on small cell GW;

	System complexity
	Impacts are limited in RAN;
	Will impact both RAN and CN;
	May impact both RAN and CN;

	Security impact
	Probably no
	Has security impact
	Has security impact

	Mobility robustness gain
	Yes
	Yes
	No

	System capacity/ per-user throughput gain;
	High 
	Medium 
	No

	Reduction of Frequent handovers (signaling load);
	Medium
	No
	Medium


From above analysis, we can see the only drawback for architecture 1(data streams routing via Macro eNB) is possible backhaul impact. Seems the impact may be accepted if backhaul has to be updated in case air interface is upgraded in order to get the gain from using new air technique. For architecture 2 (data streams routing via S-GW), lots of impacts are foreseen, including the potential CN impact and security impact for which SA2 and SA3 confirmations are needed.  For architecture 3, the gain is not significant. Considering the gain and complexity, we prefer that dual connectivity with architecture 1should be considered for further study.
Proposal 1:
Dual connectivity should be considered as baseline solution for small cell enhancement.
Proposal 2:
 Choose the Data streams routing via Macro eNB as the architecture way forward for dual connectivity.
3   Conclusion
In this paper, we analyze potential solutions and architectures for small cell enhancement. Based on analysis, the architecture “Data streams routing via Macro eNB” is more attractive. Therefore we propose:

Proposal 1:
Dual connectivity should be considered as baseline solution for small cell enhancement.

Proposal 2:
 Choose the Data streams routing via Macro eNB as the architecture way forward for dual connectivity.
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