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1. Introduction

The discussion of the study item for small cell enhancements has been started from last RAN2 meeting and the following agreements for the assumed scenarios and challenges have been captured in TR 36.842 [1]:

Deployment scenarios

Scenario #1:
macro and small cells on the same carrier frequency (intra-frequency) are connected via non-ideal backhaul.

Scenario #2:
macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul.

Scenario #3:
only small cells on one or more carrier frequencies are connected via non-ideal backhaul.

Challenges

a) Mobility robustness;

b) Difficult to improve system capacity by utilizing radio resources in more than one eNB;

c) Increased signalling load due to frequent handover;

d) Difficult to improve per-user throughput by utilizing radio resources in more than one eNB;

e) Network planning and configuration effort;

f) Small cell discovery;

Since some challenges may already be investigated by other WI/SI, e.g. HetNet mobility enhancements, this contribution focuses on the challenge d) and discusses some difficulties need to be overcome.
2. Discussion

Improving per-user throughput is an important enhancement of small cell deployment. To achieve throughput improvement, one possible solution is to utilize radio resources in more than one eNB. In other words, different (DL or UL) signaling and data for a UE could pass through different eNBs.
One difficulty is that QoS may not be guaranteed for services which utilize radio resources in small cells. It is because according to above challenges, a UE connecting to a small cell may suffer from issues of mobility robustness or frequent cell change, e.g. handover. Besides, depending on the final protocol architecture of above scenarios, QoS for these services may also not be guaranteed due to delay caused by non-ideal backhaul.
So, for C-plane signaling and services with high QoS requirement, it may not be preferred to utilize radio resources in small cells if macro cells are capable. As for services with lower QoS requirement, radio resources in small cells could be utilized to improve throughput. Therefore, offloading whole U-plane traffic to small cells may not always be a feasible way to improve performance. Instead, in order to guarantee QoS and improve throughput, it is suggested to let network make the decision with flexibility about which service(s), e.g. per RB basis, should be offloaded to small cells. Network can take, e.g. QoS requirement of services, loading of cells, or etc., into account.
Proposal 1. Network can choose the eNB to serve a service when the UE utilizes radio resources in more than one eNB.
The necessity of using more than one eNB to serve a service needs further study. Besides, if the network node which makes the decision is one of the eNBs, the interactions between eNBs also need further study.

Another difficulty is that radio resource scheduling is impacted by non-ideal backhaul. Since eNBs are connected via non-ideal backhaul, one scheduler to control all radio resources in multiple eNBs may not be feasible due to delay. Instead, each eNB should use its own scheduler to schedule its radio resources.
Proposal 2. Each eNB uses its own scheduler to schedule its radio resources for a UE when the UE utilizes radio resources in more than one eNB.
And each scheduler needs assistant information from UEs, e.g. HARQ feedback, CQI, SR, or etc., to make proper scheduling decision. If the assistant information for scheduling needs to be forwarded between eNBs through non-ideal backhaul, scheduling may be delayed or inefficient. So, it is suggested to let the UE provide assistant information for scheduling directly to the corresponding eNB to eliminate information forwarding impact. And more than one PUCCH for a UE may possibly be required.
Proposal 3. UE provides assistant information for scheduling directly to the corresponding eNB when the UE utilizes radio resources in more than one eNB.
To achieve above proposals, a feasible UE MAC architecture is to have one MAC entity for each eNB. Each MAC entity is associated with some service(s) and transmits/receives data of the service(s) to/from the corresponding eNB. Besides, each MAC entity provides assistant information for scheduling directly to the corresponding eNB.
Proposal 4. UE has one MAC entity for each eNB when the UE utilizes radio resources in more than one eNB.
The details need further study but impact of introducing multiple MAC entities to the specification [2] may not be significant. Besides, the necessary change to the architecture of other protocol layers, e.g. RLC, PDCP, or RRC, also needs further study.
3. Conclusion

This contribution provides the following proposals to overcome the difficulties of the challenge about “Difficult to improve per-user throughput by utilizing radio resources in more than one eNB”.
Proposal 1. Network can choose the eNB to serve a service when the UE utilizes radio resources in more than one eNB.
Proposal 2. Each eNB uses its own scheduler to schedule its radio resources for a UE when the UE utilizes radio resources in more than one eNB.
Proposal 3. UE provides assistant information for scheduling directly to the corresponding eNB when the UE utilizes radio resources in more than one eNB.
Proposal 4. UE has one MAC entity for each eNB when the UE utilizes radio resources in more than one eNB.
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