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1 Introduction
In the RAN2#83 meeting, five UP architectures (namely 1A/2A/2C/3C/3D) of dual connectivity were decided for further study. In the subset of Option 2, 2A and 2C are quite similar with each other, and more detailed analysis/comparison seems to be needed for the down-selection between 2A and 2C [1]. In this contribution, more technical analysis for 2A and 2C are given in the following sections.
2 Discussion
In the RAN2#83 meeting, several discussion papers (such as [2] [3] [4]) were raised and discussed to give some comparisons/down-selection between candidate UP architectures of dual connectivity, but each of the discussion papers were raising the comparisons from different perspectives and different understandings. According to [1], most challenges (such as increasing inter-eNB per-user throughput and improving mobility robustness in Scenario#2) resolved by 2A and 2C are the same, and the backhaul requirements are also the same. To further facilitate the down-selection between 2A and 2C, we try to show/conclude the detailed differences and some discussed controversial points between 2A and 2C in the following table. While comparing 2A and 2C, the highlighted option can be considered as having less benefit or more drawbacks.
Table 1: Comparison between 2A and 2C
	
	Option 2A
	Option 2C

	1) SeNB mobility hidden to CN
	 (
	(

	2) Security impact due to distributed PDCP
	(
	(

	3) Data forwarding during SeNB change
	(
	(

	4) Interaction between PDCP and RLC over Xn
	(
	(

	5) Routing function above PDCP from MeNB to SeNB
	(
	(

	6) IP header compression over Xn
	(
	(

	7) PDCP (re)establishment upon RLF at SeNB
	(
	(

	8) Support of local break-out at SeNB
	(
	(


1) SeNB mobility hidden to CN

As 2A has PDCP at SeNB, the security might not be handled solely by MeNB. This means that the CN also needs to update the security context of the UE at SeNB during SeNB change. However, 2C has centralized PDCP at MeNB. As such, the SeNB mobility of 2C is hidden to CN. Then the benefit of CN signaling reduction is available for 2C, not for 2A.
2) Security impact due to distributed PDCP
According to [1], as the impacts (such as BSR, PHR, SR and LCP) on the UE side are same for both 2A and 2C, the security impact introduced by 2A obviously brings more complexity to the UE, compared with 2C. On the other hand, the network also needs to deal with the security issues caused by distributed PDCP. Even though many of the solutions and evaluations of security should be done by SA3, we should not just consider the security impact as just one simple issue because the security issues include many aspects (like key derivation, key activation, re-keying and so on) from both the network and the UE.
3) Data forwarding during SeNB change
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Figure 1: Data flow between SeNBs during SeNB change
The 2A needs data forwarding between SeNBs during SeNB change because the data is not buffered in the MeNB. On the other hand, the 2C does not need the MeNB/SeNB to perform data forwarding at SeNB change because the MeNB already buffers the data in the PDCP SDU buffer. Accordingly, data transmission interruption at SeNB change can also be reduced in 2C due to the data buffered at MeNB. With the fast deployment of small cells, it is hardly possible that one SeNB will always have a direct connection with another SeNB. If one SeNB only has direct connection to MeNB (not to another SeNB as show in Figure 1, the forwarding delay in 2A could be tripled during the SeNB change between SeNBs, compared with 2C.
4) Interaction between PDCP and RLC over Xn 
The PDCP manages PDCP SDU buffer, and the RLC manages RLC SDU buffer. The legacy eNB manages those two buffers because they store different format of data. In 2A, the SeNB is same as the legacy eNB from radio protocol perspective, and hence the SeNB manages two buffers. However, in 2C, the MeNB manages PDCP SDU buffer and the SeNB manages RLC SDU buffer. Then, there should be an interaction between PDCP and RLC over Xn. For example, the PDCP in MeNB provides discard indication to the RLC in SeNB, and the RLC in SeNB provides acknowledgement of successful transmission to the PDCP in MeNB. Due to the long delay in Xn interface, tight interaction between PDCP and RLC is not possible in 2C. 
5) Routing function above PDCP from MeNB to SeNB

In 2A, the routing function above PDCP for each EPS bearer is always needed so as to route the data from the MeNB to the SeNB. This is kind of a new function that may require additional specification efforts. For example, the MeNB routing function needs to distinguish different EPS bearers to route the data to either the MeNB or the SeNB.
6) IP header compression over Xn
The data transmitted over Xn in 2C is header compressed PDCP PDU while in 2A there is non-header compressed PDCP SDU transmitted over Xn. Then the amount of data delivered over Xn of 2C is expected to be lower, compared with 2A. 
7) PDCP (re)establishment upon RLF at SeNB
If RLF happens at SeNB, 2A may need to (re)establish the PDCP at MeNB in order to recover the data transmission of the failed radio bearer. Consequently, the (re)establishing PDCP at MeNB of 2A results in some packet loss. However, 2C does not have to reestablish the PDCP as the PDCP of MeNB can be reused to recover the data transmission of a failed radio bearer of SeNB. And the same improvement can also be found at the SeNB change.
8) Support of local break-out at SeNB
2C is not inherently supporting local break-out at SeNB, as the PDCP of the bearer is at the MeNB. Considering the fact that the UE has two connections to both MeNB and SeNB, 2C can still support local break-out at MeNB.
From the above analysis, we can see that 2C brings less specification impact while having more benefits over 2A. Moreover, 2A comes with dual securities, which should not be underestimated. In conclusion, we suggest that RAN2 consider 2C as the candidate solution for the coming SCE-HL WI.
Proposal: RAN2 is kindly requested to down-select UP architecture Option 2 to 2C.
3 Conclusion
According to the analysis given in Section 2, our proposal is presented as the followings:
Proposal: RAN2 is kindly requested to down-select UP architecture Option 2 to 2C.
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