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1 Introduction

At the RAN#59 meeting [1], work plan [2] for small cell enhancement (high layer) were presented and discussed, the following topics shall be studied at RAN2#81bis meeting.
	At RAN2#81bis:

1) Complete to quantify/justify the expected challenges based on outcome of the email discussion.

2) Identify potential solutions (e.g., dual connectivity, mobility enhancements) for the challenges justified during the email discussion.

3) Start to identify how to realise the identified solutions in terms of NW architecture and radio protocol changes.


In this contribution, we analyze some expected challenges identified in Email discussion, and try to provide considerations on potential solutions for these issues in the context of Rel-12.
2 Discussion

The abovementioned challenges should be considered based on following deployment scenarios, which had been agreed at RAN2#81 [3] for small cell enhancement.

Scenario #1: Macro and Pico cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul.
Scenario #2: Macro and Pico cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul.

Scenario #3: Only Pico cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility.
Meanwhile, several expected challenges for the small cell deployments with non-ideal backhaul had been identified. The expected challenges can be classified into the following areas: 

· Mobility aspects (Mobility robustness, Increased signalling load due to frequent handover)

· Throughput aspects (Difficulty to improve system capacity/per-user throughput by utilising radio resources in more than one eNB)

· Others (Cell planning effort, small cell discovery)

2.1 Analysis for improve per-user throughput by utilising radio resources in more than one eNB
Considering existing mechanisms in current specification, there is a challenge to utilize radio resources based on the case that small cell deployed at the macro cell edge. In the other hand, for the issue about utilization of multiple eNB resources depending on QoS characteristics is also another challenge, which is cased by non-ideal backhaul that can not provide ideal transmission delay to bear all traffics for efficiently utilizing radio resource across Marco cell and small cells. Therefore, Rel-10/11 CA and CoMP are not able to support the non-ideal backhaul scenarios (i.e. scenario #1, #2 and #3). Since non-ideal backhaul can not satisfy all types of QoS requirements, implying that only limited traffic types (with low QoS requirement) can be scheduled cross Marco and small cells. According to above challenges, some potential solutions (e.g. dual connectivity) can be evaluated.

As discussed above, there are two main limitations to restrict improve per-user throughput in small cell enhancement, which are non-ideal backhaul and utilising multiple eNB resources depending on QoS characteristics. These limitations had been discussed in Email discussion [5], which are identified by most companies of RAN2 as challenges for improving per-user throughput.

In order to satisfy the non-ideal backhaul and QoS characteristics requirements, the Marco eNB and LeNB (i.e. Small cell eNB) are expected to schedule their own resources respectively. Since non-ideal backhaul prevents using centralized scheduler in the anchor eNB to pool radio resources from multiple eNBs for data transmission. If the Macro eNB can control the scheduling of the LeNB over a non-ideal backhaul, it is obvious to anticipate increased scheduling delay and performance loss.
Therefore, dual connectivity can be introduced to achieve enhancement for small cell scenarios. For example, some bearers can be maintained in the macro cell whereas small cells can be used to boost data rate for other bearers. Considering non-ideal backhaul between Marco cell and small cell, real-time traffic (e.g. VoIP) can be running in Marco cell, while best effort traffic (e.g. web browsing) can be loaded in small cell. Finally, we believe that there are potential benefits for traffic splitting (i.e. dual connectivity) between Marco cell and small cells as follows.
1) Data offloading from Marco cell to small cells
2) Improve user throughput

3) More efficient load balancing
4) Improve mobility reliability
Observation 1: The abovementioned benefits can be foreseen if dual connectivity is introduced for small cell enhancement.
Furthermore, it can be summarized that following factors should be considered for selecting target site (i.e. target Marco cell or small cell) to bear UE’s traffic in deployment scenarios of small cell enhancement.
1) QoS characteristic
2) Backhaul latency

3) DL/UL channel condition
4) UE mobility speed
Observation 2: The abovementioned factors should be considered for forwarding traffic data to multiple eNBs.
2.2 Consideration for architecture and protocol stack design of dual connectivity
One of the study item objectives is as follow [4]:

-
Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:

-
Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.

In order to achieve CA and CoMP function in Rel-12, following topics should be considered as requirements [5].
1) Realising CoMP/CA with non-ideal backhaul (Scenario #1 and #2)

2) Degradation of QoS on small cells due to non-ideal backhaul (all scenarios)

In order to achieve the abovementioned requirements for small cell enhancement, we think following potential options would be considered for dual connectivity in small cell enhancement.
Option 1: Only single control plane in anchor eNB, only single user plane in LeNB.
Option 2: Both user plane and control plane in anchor eNB, only user plane in LeNB (i.e. Data offloading occurs in the DRB level).
Option 3: Both user plane and control plane in anchor eNB, the same as in LeNB.
Note: The anchor eNB can be Marco eNB or LeNB, which can perform data and signalling routing/scheduling for the UE to multiple eNBs.
Proposal 1: The abovementioned options should be discussed for dual connectivity in small cell enhancement.

Based on above considerations, we think it is desirable to discuss dual connectivity in terms of impacts on UP plane and CP plane respectively.

2.2.1 Consideration for user plane in dual connectivity
As the Fig. 1 shown, there are main alternatives for UP split as below.
1) Alternative #1: CN level split (i.e. users data is routed to the anchor eNB and the LeNBs.)
2) Alternative #2: RAN level split (i.e all the user data are routed to the anchor eNB first and then part of them are routed by the anchor eNB to the other eNBs.)
a) Alternative #2-1: PDCP layer split (i.e. UP split before PDCP)
b) Alternative #2-2: RLC layer split (i.e. UP split before RLC)
c) Alternative #2-3: MAC layer split (i.e. UP split before MAC)
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Fig. 1 CN and RAN level UP split 
In Table 1, the characteristics for protocol stack design are considered for non-ideal backhaul impacts.

Table 1: Considerations on characteristics of each layer
	
	Considerations

	PDCP
	1) Provide ciphering (i.e. security) and integrity protection for the control/user plane.

	RLC
	1) RLC SDUs are fragmented/concatenated/reassembled as necessary in order to fit into the available transmission resources. 
2) RLC is closely coordinated by the MAC due to negotiation of data transmission in each transmission opportunity.

	MAC
	1) MAC SDUs are multiplexed in MAC layer
2) HARQ retransmission and ACK/NACK delay should be considered. In order to support non-ideal backhaul with higher latency, the independent MAC should be deployed in the small cell for data scheduling.
3) PUCCH handling, non-optimal link adaptation (CQI feedback delay cased by non-ideal backhaul)


According to the considerations in Table 1, comparison with Pros and Cons for alternatives of UP split is shown in Table 2.

Table 2: Comparison with Pros and Cons for alternatives of UP split
	
	Pros (
	Cons (

	Alternative #1: CN level split
	1) No user data transmission between anchor eNB and LeNBs, no impact from non-ideal backhaul
2) DRB level data distribution

3) High QoS traffic can run on small cells
	1) Increase signalling overhead on CN level
2) Each eNB need security key for the UE (i.e. multiple security keys for the UE)
3) Additional functionalities for switching/aggregating data packet data to anchor eNB and LeNB.
4) Network needs to know connection change for the UE.

	Alternative #2: RAN level split
	Alternative #2-1: PDCP layer split
	1) Network doesn’t need to know the connections change
2) Data routing/scheduling toward multiple eNB is centralised in the anchor eNB
3) PDCP level distribution
	1) Multiple security keys may be generated for the UE
2) The remaining RLC PDUs may be flushed when the protocol stack is re-established at the target cell.
3) Requires higher capability for the anchor eNB to perform Routing/Scheduling data to multiple eNB

	
	Alternative #2-2: RLC layer split
	1) Network doesn’t need to know the connections change

2) Routing/scheduling data toward multiple eNB is centralised in the anchor eNB
3) RLC SDU level distribution
4) MAC can indicate failed transmissions to RLC layer internally.
	1) Does not allow RLC context transfer
2) Need retransmission buffer in the PDCP layer
3) RLC needs to be reset if offload data from a LeNB to another LeNB
4) Requires higher capability for the anchor eNB to perform Routing/Scheduling data to multiple eNB

	
	Alternative #2-3: MAC layer split
	1) Network doesn’t need to know the connections change
2) Routing/scheduling data toward multiple eNB is centralised in the anchor eNB
3) RLC does not need to be reset in case offload data from a LeNB to another LeNB
	1) Less efficient segmentation and concatenation caused by RLC and MAC splitting

2) MAC can not indicate failed transmissions to RLC layer internally due to non-ideal backhaul
3) Requires higher capability for the anchor eNB to perform Routing/Scheduling data to multiple eNB


Proposal 2: We kindly suggest RAN2 to discuss above alternatives for UP split based on dual connectivity.
2.2.2 Considerations for control plane in dual connectivity
There are two main alternatives for control plane handled in small cell enhancement.
Alternative I: Single CP on the anchor eNB
Alternative II: Multiple CPs on multiple eNBs.
Furthermore, we provide comparison with Pros and Cons of alternatives for control plane in dual connectivity in Table 3.

Table 3: Comparison with Pros and Cons of alternatives for CP
	
	Pros (
	Cons (

	Alternative I: Single CP on the anchor eNB
	1) Minor change to current specification
2) No UE context exchange between eNBs.
3) No signaling exchange from LeNB when UE moves in and out of LeNB coverage due to mobility handled in the anchor eNB
4) Not impact for UP split.
5) If RLC layer can be used in small cell, it does not need to have a transparent mode. (Note 1)
	1) Simpler than Alternative II
2) No support signalling diversity/multiplexing on eNBs.
3) Only works where there is macro coverage if regular handover to LeNB can be avoided for optimization

	Alternative II: Multiple CPs on multiple eNBs
	1) Support signalling diversity, positive impact on mobility robustness
2) No need to perform handover to small cell if UE moves out of Marco cell’s coverage

3) Can work out of Marco cell’s coverage

4) Can select partial RRC signalling to be transmitted in small cell (i.e. potential to support signaling multiplexing on multiple eNBs)
	1) More signalling overhead than Alt.I
2) Need new function for RRC to support multiple connections on multiple eNBs.
3) More complexity




Note 1: Logical control channels (e.g. BCCH, PCCH and CCCH) associated with RLC transparent mode can be transmitted directly from the anchor eNB.
Proposal 3: We kindly suggest RAN2 to discuss above alternatives for control plane in small cell enhancement.

3 Conclusion
We suggest that following proposals are discussed and agreed:
Proposal 1: The abovementioned options should be discussed for dual connectivity in small cell enhancement.

Proposal 2: We kindly suggest RAN2 to discuss above alternatives for UP split based on dual connectivity.

Proposal 3: We kindly suggest RAN2 to discuss above alternatives for control plane in small cell enhancement.
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