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1 Introduction

Current approaches leverage dual path from anchor (macro) cell and small cell to UE, namely dual path anchored connectivity. However, in this paper, we point out there are some scenarios where anchoring macro cell is not accessible or not the best choice for connection. For such scenarios, single path anchored connectivity provides different architectural alternative to address the challenges. We further demonstrate the new architecture options for single path anchored connectivity and shows its close relation to dual path anchored connectivity.
2 Discussion on Scenarios 
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Figure 1: Small cell deployment scenario #1

Co-channel macro cell and small cells are deployed for scenario #1. If UE moves into the coverage area of small cell, the channel condition of small cell will be better than the anchored macro cell. Furthermore, small cell will also be an offload candidate under the Hetnet network assumption. Transmission between small cell and UE will be more efficient and reliable than that between macro cell and UE. Particularly, within the centre area of small cell or if the RSRP of small cell is 12dB better than macro cell, UE will lose the radio link between macro cell and itself. (Note that 12dB is the upper limit of CRE bias supported by Rel-11 FeICIC.) At that time, UE will only be able to transmit to or from small cell.  
Observation 1: for scenario #1, radio transmission between small cell and UE will be more efficient and reliable than that between macro cell and UE given the better channel condition and higher offload priority of small cell. Moreover, the radio link between macro cell and UE will fail in the centre area of small cell and UE is only able to transmit to or from small cell. 
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Figure 2: Small cell deployment scenario #2
For scenario #2, macro cell and small cells are deployed on different carriers. A non-CA capable UE may not be able to access the two carriers simultaneously. As a result, UE may access the two carriers in TDM fashion or simply work in one single carrier with the best radio condition and/or with lower traffic load. Small cell, rather than macro cell, tends to be the cell with good channel condition and lower traffic load within its coverage area. On the other hand, the TDM approach creates more complexity to the UE as well as to the network side. For example, UE needs to maintain two sets of radio link configurations as well as synchronization states. Carrier switching also requires RF retuning time and close coordination between macro cell and small cell. That means supporting only radio transmission between a single cell and UE on a single carrier may be good approach for non-CA capable UEs. For example, it will be good for non-CA capable UEs to transmit to or from small cells given better radio link condition (esp. in scenario #2b) and higher offload priority of small cells.
Observation 2: for scenario #2, supporting only radio transmission between a single cell and UE on a single carrier may be good approach for non-CA capable UEs. Then it will be good for non-CA capable UEs to transmit to or from small cells given better radio link condition and higher offload priority of small cells.
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Figure 3: Small cell deployment scenario #3

For scenario #3, there are no macro cells overlapping with the small cells cluster. In that case, it will also be good for a UE to have an anchor cell to reduce the signalling overhead even though the anchor cell is going to be a small cell and the UE will not always be within the coverage of the anchor cell. 
Observation 3: for scenario #3, it will also be good for a UE to have an anchor cell to reduce the signalling overhead even though the anchor cell is going to be a small cell and the UE will not always be within the coverage of the anchor cell.
Observation #4: for all small cell deployment scenarios in Rel-12, there are typical situations where supporting dual-cell transmission paths may be inefficient, complex, or even not feasible. In that case, it can be beneficial to support single-cell transmission path between small cell and UE if that is going to be more efficient. 
3 Architecture Options for single path Anchored connectivity
There are basically two solution directions for single path anchored connectivity. One approach is similar to what we have for dual connectivity architecture i.e. MeNB acts as anchor by remaining UE specific RRC functionality. Another approach is that MeNB acts as S1/X2 agency of SeNB i.e. all the radio protocols are located within SeNB.
Here is the control plane architecture of alternative 1:
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Figure 4, CP alternative 1

MeNB will be S1 proxy when UE start to establish DRBs. When UE want to change to another small cell which also has X2 interface with MeNB, then MeNB can act as X2 proxy. In case UE want to change to another small cell which has no X2 interface with MeNB, then MeNB acts as S1 proxy again because the mobility procedure will be done via S1 interface. In case UE want to connect with MeNB then MeNB is not a proxy but a normal target eNB. In one word, this architecture is quite similar to outband  Relay. One of the biggest benefit of this alternative is there is no impact on UE i.e. any legacy UE can work in this alternative! But it does impact MeNB because it has to be S1/X2 proxy.Here is the control plane architecture of alternative 2:
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Figure 5, CP alternative 2

In this alternative the RRC layer is split between MeNB and SeNB for one specific UE. Dedicated RRC means any UE specific RRC procedure while common RRC means common Uu RRC procedure e.g. system information broadcast, paging, ETWS etc. SeNB may also provide some dedicated RRC configuration to MeNB to help build final RRC message, but this part functionality could be interpreted as normal procedure between MeNB and SeNB.
The UP functionality could be similar to what we have for dual connectivity, namely 2A,2B,2C,2D depicted in Figure 6.
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Figure 6: User Plane Architecture Options
Figure 6 show user plane architecture options for single path anchored connectivity. Such options are similar to the architecture options in TR36.842 in that the connection is set up between UE and the anchor cell (e.g. the macro cell). The major difference is that at the MAC and PHY layer UE only sends/receives data from a single cell (e.g. SeNB). In following text, more detail is explained for alternative 2.
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Figure 7: Illustration of access mode (AM) transition with UE mobility

Figure 7 shows the exemplary transition of access mode from normal mode (AM1: non-anchored) to dual path anchored mode (AM2) and single-path anchored mode (AM3). As further illustrated in Figure 7, UE may not be aware of AM 3, which can be considered the same as AM 1 from UE perspective. It means UE may not need additional capability to support single-path anchored mode (AM3). In another word, single-path anchored mode may support legacy UEs. 
Observation 5: single-path anchored mode may support legacy UEs. 
These access modes can smoothly passed with UE mobility. For example, UE can transit from normal mode (AM1) to dual path anchored mode (AM2) when a UE enters the CRE area of small cell. When UE further moves into the central area of small cell, UE should transit from dual path anchored mode (AM2) to single-path anchored mode (AM3). Note that UE can also directly transit between normal mode (AM1) and single-path anchored mode (AM3) when it moves into or out of the coverage area of small cell. 
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Figure 8: Illustration of access mode transition (Protocol stacks at UE)

As shown in Figure 8, the functional split between MeNB and SeNB is different among the three access modes. For normal mode (AM1), all functions are implemented by MeNB and there’s no coordination between MeNB and SeNB. For AM2, data of certain DRBs are transmitted through SeNB and some kinds of coordinations are needed between MeNB and SeNB. For AM3, messages of SRBs and data of DRBs are all transmitted through SeNB and also some kinds of coordinations between MeNB and SeNB are needed. Note that coordinations between MeNB and SeNB for AM2 and AM3 can be different. 
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Figure 8: Illustration of access mode transition (Protocol stacks at eNBs)
Observation 6: different modes including normal mode (AM1: non-anchored), dual path anchored mode (AM2) and single-path anchored mode (AM3) can coexist and smoothly transit between each other. 
4 Conclusion
Based on above analysis, here is the proposal:

Proposal: RAN2 is kindly requested to also consider single path anchored connectivity together with dual path anchored connectivity in Rel-12 small cell enhancement - higher layer aspects, especially on the impact to inter-eNB coordination.
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