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1   Introduction
General aspects of the potential CP architecture options were discussed through the email discussion [82#17]. The analysis in this contribution focuses specifically on several SeNB related RRC procedures when comparing Option 1 and Option 2.  In addition, we also evaluate the applicability of two options under Scenario #1 and Scenario #3.
2   Discussion
In this section, we will investigate the difference between Option 1 and Option 2 from the RRC procedures perspective. Note that the definition for two options has been clarified in another contribution [1].
· Procedure 1: initial SeNB addition

· Procedure 2: SeNB switching (i.e., one old SeNB is replaced by a new SeNB.)
· Procedure 3: RRC reconfiguration within the SeNB

Each procedure will be investigated under normal case first, i.e., the UE always has the reliable Uu connection with the MeNB directly, such as under Scenario # 2 or under Scenario #1 while UE is not at SeNB’s center. Then some special cases will be studied in which the UE does not always have the reliable Uu connection with the MeNB, such as under the scenario #1 with UE in the center of SeNB and under scenario #3.
2.1   Initial SeNB addition
The initial SeNB addition procedure of Option 1 and Option 2 are shown in Figure 1 and Figure 2 respectively. The motivation of adding an SeNB is the MeNB offloading demand in general. When deciding to offload the traffic, the MeNB sends the SeNB addition request message to the SeNB, which may include the necessary UE context and the information of the traffic to be offloaded. SeNB decides whether it can admit the traffic to be offloaded from MeNB upon receiving the SeNB addition request message. If yes, the SeNB responds with SeNB addition acknowledge message to the MeNB. The SeNB addition acknowledgement message includes the information/parameters for the admitted traffic at least, and maybe some other information. The detailed information can be FFS.
With Option 1, the SeNB addition acknowledgement message can be either an Xn message containing all necessary RRC configuration parameters or an RRC message by itself. The MeNB is responsible for generating the final RRC reconfiguration message and transfer it to the UE. The above procedure is very similar to the regular inter-eNB HO procedure, and thus the standard impact is limited.

With Option 2, the SeNB may acknowledge the SeNB addition by sending the SeNB addition acknowledgement message to the MeNB which is similar to Option 1. However, the RRC reconfiguration message is generated by SeNB and SeNB passes it to the layer 2. Although the details about the L2 packet type is still FFS in the current definition, the RRC reconfiguration message has to be transmitted by MeNB eventually, because SeNB is yet to be added to the UE.
If the L2 packet is a PDCP PDU or any other L2 PDU(s), the implication is that one additional dedicated SRB must be established for the UE, and the L2 protocol stack of the SRB is distributed over MeNB and SeNB. Obviously the approach is not feasible for the initial SeNB addition, because the new SRB can be established only after the UE receives the RRC reconfiguration message with SeNB addition information. Therefore, the L2 packet cannot be PDCP PDU or any other L2 PDUs for the initial SeNB addition under Option 2. 
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Figure 1: Initial SeNB addition under Option 1  



Figure 2: Initial SeNB addition under Option 2
If the L2 packet is a PDCP SDU, the RRC message generated by the SeNB can be mapped onto MeNB’s SRB1 for the UE. However, the standard impact of allowing the forwarding of PDCP SDU from SeNB to the MeNB is not trivial, because the data forwarding for an SRB is not supported by the current specification. In addition, MeNB’s handling of the forwarded PDCP SDU from SeNB may be complicated as well. For example, before the forwarded PDCP SDU reaches MeNB, the MeNB might have sent another RRC message over SRB1 already (shown in dotted line in Figure 2). It is possible that the above two parallel RRC messages have the same transaction ID. To avoid the potential mistake of discarding one RRC message with the same transaction ID by the UE, some coordination between the MeNB and the SeNB is required. Another alternative is to mandate the UE to perform the corresponding RRC reconfigurations even if two parallel RRC messages have the same transaction ID. Neither approach is desirable due to the standard impact.  On the contrary, with Option 1, the final RRC reconfiguration message is always generated by the MeNB, so the MeNB can assure there is no parallel RRC messages with the same transaction ID. 

In addition, under Option 2, the UE needs to identify or distinguish the source RRC entity in order to figure out how to apply the reconfiguration parameters and to which RRC entity the corresponding RRC reconfiguration complete message shall be replied. The UE can identify the source RRC entity according to implicit information such as whether there is one SCell addition IE with the RA parameters or some other information in the RRC message. The identify of the source RRC entity can be introduced to RRC messages explicitly as well.  Regardless of implicit or explicit method, modifications to the specification has to be introduced.
Table 1 is a brief summary of the comparison between Option 1 and Option 2 for initial SeNB addition procedure.
Table 1
Initial SeNB addition procedure: Option 1 vs Option 2
	CP Architecture
	Feasibility
	Standards impact

	Option 1
	Yes
	Less.

· Reuse inter-eNB HO like procedure.

	Option 2
	· Yes, if the SRB’s L2 packet forwarded over the Xn is PDCP SDU;

· No, if the SRB’s L2 packet forwarded over the Xn is PDCP PDU or other L2 PDUs;

	More.

· Establishing the new SRB on the SeNB for the RRC message transmission;
· Data forwarding for SRB over Xn interface;

· Performing reconfigurations of parallel RRC messages with the same transaction ID;
· Identifying the source RRC entity;


It can be seen from the above comparison that Option 2 requires significant modification on standards in order to support the initial SeNB addition procedure properly.
Observation 1: Option 2 is not suitable for the initial SeNB addition procedure due to the significant specification impact. 
2.2   SeNB switching
The SeNB switching procedure will be triggered if the MeNB found that a new SeNB2 is more suitable for the traffic offloading than the old SeNB1. During the preparation for the SeNB switching, the MeNB may send the SeNB release and addition request message to the new SeNB2. The message may include UE capacity information and some other configuration information such as the information of the data currently handled by the old SeNB1. The detailed configuration information can be further discussed in the WI stage.
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Figure 3: SeNB switching under Option 1 
           



Figure 4: SeNB switching under Option 2
As illustrated in Figures 3 and 4 above, the SeNB switching procedure is very similar to the initial SeNB addition procedure if we assume that the RRC message is always sent from the MeNB (shown in solid lines). Therefore advantages and disadvantages of each options are the same as those for the initial SeNB addition.
During the SeNB switching procedure with Option 2, however, it is also possible that the RRC message can be sent from the old SeNB 1 as shown in dotted line in Figure 4. That is, the new SeNB 2 can prepare the SeNB release & addition acknowledge message and pass it to SeNB1 similar to the inter-eNB HO preparation procedure. Then the old SeNB 1 can generate the final RRC reconfiguration message and transmit it to the UE on the SRB of the old SeNB 1. By this approach, the related standard impact can be minimized and data forwarding for the SRB over Xn interface can be avoided.  Other disadvantages of Option 2 still exist though, such as the need for treating parallel RRC messages with the same transaction ID and the need for identifying the source RRC entity. Therefore, Option 1 is the more suitable choice for SeNB switching procedure when compared with Option 2, as summarized in Table 2.
Table 2
SeNB switching procedure: Option 1 vs Option 2
	CP Architecture
	Standards impact

	Option 1
	 Less.

· Reuse inter-eNB HO like procedure.

	Option 2
	More.

· Establishing the new SRB on the SeNB for the RRC message transmission;
· Performing reconfigurations of parallel RRC messages with the same transaction ID;
· Identifying the source RRC entity;
· Data forwarding for SRB over Xn interface (if the RRC message is transmitted from the MeNB only);


Observation 2: Option 2 is not suitable for the SeNB switching procedure due to the significant specification impact. 
2.3   RRC reconfiguration within SeNB
The necessity of parameters reconfiguration within an SeNB can be triggered by the radio environment change. The RRC reconfiguration procedure within the SeNB is shown in Figures 5 and 6 for Option 1 and Option 2 respectively. 
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Figure 5: RRC reconfiguration within SeNB (Option 1)

Figure 6: RRC reconfiguration within SeNB (Option 2)
As already pointed out during the email discussion, Option 1 results in longer delay and longer fuzzy time for RRC reconfiguration as well as larger signalling overhead over Xn due to the strict cooperation procedure between the MeNB and the SeNB regardless of whether those parameters are necessary to be coordinated. In addition, the updated system information must be forwarded over Xn upon the triggering of any system information updates. The signalling overhead impact by Option 1 is not trivial then.
On the other hand, the SeNB can directly generate and send the RRC reconfiguration message to the UE under Option 2 as long as the reconfigured parameter is not required to be coordinated. In addition, the UE can send the RRC reconfiguration complete message to the SeNB directly. Since the whole procedure does not involve any transfer over the backhaul, the delay, fuzzy time and the signalling overhead are less than that of Option 1. For those parameters whose reconfiguration requires cooperation with MeNB, the backhaul cooperation procedure cannot be avoided. Therefore,  further analysis is necessary to find out how many parameters require the cooperation between the MeNB and SeNB before SeNB sending reconfiguration message to the UE. 
One major motivation of the small cell deployment is to offload data traffic to the SeNB. Therefore from the offloading point of view, SeNB may keep the UE context information that is related to the data traffic handled by SeNB. On the contrary, most CP contexts should be kept in the MeNB because the MeNB is responsible for the CP management, for example, measurement configuration, mobility management and so on. Furthermore, almost all PHY parameters can be decided by the SeNB independently according to the UE capacity except for power control related parameters. Most MAC parameters do not require cooperation between MeNB and SeNB, with a few possible exceptions depending on the conclusion/progress of other topics under study. RLC and PDCP configuration parameters may or may not be decided by the SeNB independently, depending on the decision on UP architecture alternatives. For example, the logical channel ID or DRB ID might have to be coordinated if the RB-based splitting is agreed. Although the number of parameters which have to be coordinated between the MeNB and the SeNB seems to be small as far as we can foresee, RAN2 still has to discuss parameter one by one to decide those parameters that are required to be coordinated between the MeNB and the SeNB if Option 2 is adopted. If a new parameter is introduced in the future, the same discussion/decision process has to repeat. No such discussion/decision process is necessary for Option 1 though. Therefore the forward compatibility of Option 2 is not as good as Option 1.
Although the forward compatibility of Option 2 is not better than Option 1, Option 2 is still the desirable architecture for RRC reconfiguration within SeNB from the delay, fuzzy time and signalling overhead point of view. Table 3 provides a brief summary of the analysis above.
Observation 3: Option 2 is desirable for RRC reconfiguration procedure within SeNB. 

Table 3
RRC reconfiguration procedure within SeNB: Option 1 vs Option 2
	CP Architecture
	Delay
	Fuzzy time
	Signalling overhead
	Forward compatibility
	Standards impact

	Option 1
	Long
	Long
	Large
	Better
	Less;

	Option 2
	Short
	Short
	Small
	Not good
	· Establishing the new SRB on the SeNB for the RRC message transmission;
· Performing reconfigurations of parallel RRC messages with the same transaction ID;
· Identifying the source RRC entity;


2.4   Applicability of Options 1 and 2 to UE with no radio connection with MeNB
The assumption of the above discussion is that the UE always has the reliable Uu connection with the MeNB directly. But as already pointed out by [2] in the last meeting, the special case of UE not having reliable direct radio connection with MeNB should also be considered.  For example, under Scenario #1, the Uu connection between UE  and MeNB is likely to be very weak if the UE is located in the centre of the SeNB and the SeNB is near the edge of the MeNB. Also, the UE will not have the available Uu connection with the logical MeNB under Scenario #3. The RRC reconfiguration message has to be sent by the SeNB for these special cases then. The following comparison of Option 1 vs Option 2 assumes that UE does not have reliable radio connection with MeNB directly, and both SeNB switching procedure and RRC reconfiguration procedure within the SeNB are studied for the special cases above.
	
[image: image7]
	
[image: image8]

	Figure 7: SeNB switching under Option 1
(UE w/ no radio connection w/ MeNB)
	Figure 8: SeNB switching under Option 2
(UE w/ no radio connection w/ MeNB)


During the SeNB switching procedure, the MeNB can send the SeNB release and addition request to the new SeNB2 under Option 1. After accepting configuration parameters, the SeNB2 sends the SeNB release and addition acknowledge message to the MeNB. Then the MeNB generates the final RRC reconfiguration message and forwards the L2 packet of the RRC reconfiguration message to the old SeNB1. Finally the old SeNB1 sends the L2 packet of the RRC reconfiguration message to the UE. Obviously some specification modifications have to be introduced. For example, the data forwarding for SRB need be supported over Xn. In addition, a new SRB must be established between the SeNB and the UE before the SeNB can forward the L2 packet of the RRC message to the UE. With Option 2, the procedure in Figure 8 is almost the same as in Figure 4. Thus Option 2 is fully applicable to all three scenarios regardless of whether UE has a single or multiple radio connections with MeNB.  
For the RRC reconfiguration procedure within the SeNB, the MeNB must forward the L2 packet of the RRC reconfiguration message to the SeNB under Option 1, and the procedure then is similar to the above SeNB switching procedure. Therefore the standards impacts are also the same as those of SeNB switching procedure. On top of that, the inherited disadvantages still exist in the above SeNB switching and RRC reconfigurations when compared with Option 2, i.e., the longer delay, the longer fuzzy time, and the larger signalling overhead over Xn interface. 

The comparison of Option 1 and Option 2 for a UE with no radio connection with MeNB are summarized in Table 4.

Table 4 UE with no radio connection with MeNB: Option 1 vs Option 2
	CP Architecture
	Delay
	Fuzzy time
	Signalling overhead
	Forward compatibility
	Standards impact

	Option 1
	Long
	Long
	Large
	Better
	· Data forwarding for SRB over Xn interface;

· Establishing the new SRB on the SeNB for the RRC message transmission;

	Option 2
	Short
	Short
	Small
	Not good
	· Establishing the new SRB on the SeNB for the RRC message transmission;
· Performing reconfigurations of parallel RRC messages with the same transaction ID;
· Identifying the source RRC entity;


Based on the above discussion, we can see there are some common standards impacts by both options. Option1 has less standards impacts overall,  but it leads to longer delay, longer fuzzy time and larger signalling overhead. In other words, Option 1 does not absolutely outperform Option 2 for cases when UE has no reliable radio connection with MeNB. 

Observation 4: Option 1 is not absolutely the better choice if UE has no reliable radio connection with MeNB. 

Therefore we suggest RAN2 to discuss first whether it can be assumed that there is always a reliable Uu connection between UE and MeNB directly before deciding which option to be selected as the CP architecture. 
Considering Scenario #1 with UE in the center of SeNB and Scenario #3, it is not convincing to assume UE always has a reliable radio connection with the MeNB directly. Therefore we slightly prefer Option 1, but also have some sympathy for Option 2. 
Proposal: RAN2 is kindly asked to decide first whether it can be assumed that there is always a reliable Uu connection between UE and MeNB directly before selecting CP architecture option. 

3   Conclusion
In this contribution, we investigated the CP architecture options from different aspects, and the following observations are made:

Observation 1: Option 2 is not suitable for the initial SeNB addition procedure due to the significant specification impact. 
Observation 2: Option 2 is not suitable for the SeNB switching procedure due to the significant specification impact. 
Observation 3: Option 2 is desirable for RRC reconfiguration procedure within SeNB. 

Observation 4: Option 1 is not absolutely the better choice if UE has no reliable radio connection with MeNB. 

Based on the above analysis, we can conclude that Option 1 is the better choice if there is always a reliable Uu connection between UE and MeNB directly. Otherwise Option1 is not necessarily the better choice. Therefore the proposal is:
Proposal: RAN2 is kindly asked to decide first whether it can be assumed that there is always a reliable Uu connection between UE and MeNB directly before selecting CP architecture option. 

We slightly prefer Option 1, but also have some sympathy for Option 2 if RAN2 confirms that it cannot be assumed that there is always a reliable radio connection between UE and MeNB directly.
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