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1 Introduction

Based on the discussion at RAN2#82, the technology challenges in each deployment scenario were identified. Mobility robustness, signaling load and improvement of UE throughput are seen as the main focus technical areas for small cell enhancements. So far two solutions were presented as potential solutions to be further investigated in order to address the identified technical issues. [1] discussed the potential impacts on the lower protocol layers in support of small cell enhancements. However it was noted that the lower protocol layer support required for addressing the identified challenges depends on the solution under consideration as well as the UE capability requirement. Therefore feasibility of potential solutions and estimate level of required lower protocol layer modification should be analyzed taken into account the UE capability requirement. Email discussion [82#18] aims to discuss the UE capability requirement for addressing identified technical challenges. This contribution discusses the potential lower layer impacts resulted from addressing different technical issues taking into account the UE capability requirements.  

2 Discussion

In RAN2#82 meeting, following challenges are identified:
· Scenario #1:Mobility robustness and increased signalling load (e.g. to CN) due to frequent handover

· Scenario #2: Mobility robustness, Increased signalling load due to frequent handover and difficult to improve per-user throughput

· Scenario #3: increased signalling load due to frequent handover

Two potential solutions for investigation is captured in the TR. Solution 1 is inter-node radio resource aggregation intended for addressing all identified technical challenges in scenario #2. Solution 2 is RRC diversity which is intended for addressing mobility robustness issues primarily in scenario #1.

A various protocol architecture options are discussed considering centralised/distributed RLC/PDCP protocol functions. The discussed architectures consider at least RLC re-segmentation to be performed by the protocol stack located at the small cell eNB for the offloaded traffic over the small cell. Independent MAC and PHY layer located at small cell eNB is common to all the protocol options considered for small cell enhancements. This is seen beneficial of obtaining the timely channel condition and HARQ feedback for efficient scheduling and link adaptation. Given that the higher protocol impacts depend on the selected architecture, this paper only discusses the impacts on the lower protocol layers which are common to all architectures under discussion.  
Regardless of the challenge and solution (solution is yet to be discussed), considering the co-channel characteristics, a single Rx/Tx is sufficient in scenario #1. The solution should be designed for single Rx/Tx UEs. Some level of resource coordination is required for the UE communication with the two cells if more than one cell is involved in the solution.
The identified technical issues in scenario#1 are the mobility robustness and increase signalling load. There was not discussion so far on how to mitigate the increased signalling load (eg: towards CN) when a large number of small cells are deployed. Even though the solutions were not discussed, the solutions are likely to be based on centralised mobility anchoring node. Therefore the solutions are unlikely to have impact on the traffic transmission over the radio interface. Thus a single radio connection to the network from the UE is seen sufficient. From the lower protocol layer perspective, the data transmission and the protocol functions are same as in the legacy system. 

Observation 1: solutions addressing increase signalling load in scenario#1 are unlikely to have impacts on the lower protocol layer (MAC and PHY) operation.

There are a number of approaches can be taken in addressing the mobility robustness in scenario#1. Mobility robustness issue is currently investigated under HetNet mobility work item. A number of solutions are proposed as a way of solving mobility robustness issue in co-channel HetNet scenario. It was already agreed in the last RAN2 meeting to consider the challenge and work further on solutions which will be compared to the solutions developed in HetNet mobility WI in terms of complexity and gain. RRC diversity has been proposed as a solution to be investigated for mobility robustness. However it is yet to discuss the detail of RRC diversity as a complete solution and whether such a solution is acceptable for scenario#1 when compared to other solutions under discussion and considering the network and UE complexity.

If a detailed solution based on RRC diversity is agreed as solution for mobility robustness, it requires significant modification to lower protocol layers for support of UE communication to two cells in the same frequency. Since each node is equipped with independent scheduler and separate MAC layer, firstly the SRS needs to be transmitted on both the macro cell and the small cell so that the two cells can obtain the UL channel status information. In addition, HARQ ACK/NACK should be transmitted to/from the corresponding cell in order to obtain timely HARQ ACK/NACK feedback to guarantee the HARQ performance. CQI reporting should also be conveyed to the corresponding cell in timely manner for the efficient scheduling and link adaptation. These UL signaling (PUCCH & SRS) should be designed with TDM to mitigate the inter-cell interference hence required careful design and resource co-ordination between the two cells. 

In addition, the user can be transmitted to both small cell and macro cell on one carrier. When simultaneous transmission is considered, the transmission power control for data channel and control channel in this scenario therefore needs to be considered. The user will have two pathloss value on each carrier to macro cell and small cell separately, therefore even on one carrier, the transmission power of the user should be separately controlled for macro cell and small cell to fully compensated for control channel and partially compensated for data channel. 
Considering the complexity of “RRC diversity for mobility robustness” and the currently progressing work on HetNet, there are two approaches can be taken in terms of further study of lower protocol layer impacts to be investigated by RAN1.
Approach1: RAN1 to study the complexity and feasibility of enabling “RRC diversity” for scenario#1 taking into account TDM requirements on PUCCH and SRS and power control issues followed by RAN2 to investigate and compare the solutions taking into account the complete solutions.
Approach 2: RAN2 to compare the solutions for mobility robustness in terms of the gain and system complexity first. If a solution based on RRC diversity was identified to bring significant gain over the other available solution, study the lower protocol layer impacts by RAN1.
Proposal 1: RAN2 to discuss the approach should be taken for further study on lower protocol layer impacts (eg: layer 1) for scenario#1
For scenario #3, only the increased signalling load due to the increased number of handover is identified as a challenge. Similar to scenario#1, the signalling load reduction solutions were not discussed so far. However the mobility anchoring is seen as a potential approach. The solutions is unlikely to have lower protocol layer impacts as the UE is only communicating to single cell over radio interface. 
Proposal 2: Signaling load reduction enhancement for scenario#3 is not likely to have significant impacts on lower protocol layers (eg: layer 1).

In scenario#2, signalling load to CN in scanrio#2 is challenging due to the small cell change especially in a dense small cell deployment. Mobility anchoring via macro eNB could reduce the mobility related signalling towards CN. Having single Rx/Tx is sufficient in theory to anchor the mobility related signalling via macro cell.

Mobility robustness issue was shown in scenario #2 when considering the UE mobility from one small cell to another in dense small cell deployment. Keeping macro eNB as mobility anchoring seems to reduce the mobility robustness problem. Similar to the signalling load reduction, if only mobility robustness is considered as a challenge, single Rx/Tx is sufficient in theory in scenario#2. 
In order to achieve throughput enhancement in UL and DL by aggregating the carriers form multiple cells, it is necessary that the UE is capable of simultaneous reception and transmission on multiple cells. Therefore multiple Rx/multiple Tx capability is required. 

Single Rx/Tx UE operation in dual connectivity having radio link connection to both cells requires the UE to operate in TDM manner in radio communication. This requires tight co-ordination of macro and small cell for resource allocation and co-ordination of UL signalling transmission. Moreover the UE is required to RF re-tuning to different frequencies. The careful design and possibly high UE capability is required to minimise data interruption due to RF retuning. Moreover maintenance of UL synchronisation towards small and macro cell resulting in different TA becomes challenging with single receiver. The resource coordination should take into account the legacy HARQ timing such that the HARQ retransmission to be performed timely. 
Multiple Rx/single Tx UE operation in dual connectivity having radio link connection to both cells requires the UE to operate in TDM manner in UL transmission even though simultaneous reception is possible. Similar to the single Rx/Tx UE, the UL transmission requires careful design and tight resource co-ordination between the cells for UL TDM operation. More over the HARQ feedback operation in TDM UL operation may have impact HARQ operation for DL data transmission and this may result reduction in DL throughput gain. Single Tx doesn’t aggregate the resources from multiple cells in UL transmission therefore no UL throughput enhancement is possible. On the other hand due to RF retuning for transmission it is likely to loss the UL throughput achieved with single connection.

Multiple Rx/single Tx UE operation in dual connectivity may consider having UL transmission to one cell. Even though, this mitigates the issues due to the RF retuning for UL transmission, the UL control signalling transmission requires modification to accommodate the non ideal backhaul link delay for the offloaded traffic scheduled by the small cell. The UL control signalling includes the CSI for small cell, HARQ feedback on the DL transmission from the small cell, may also require attention of delivery of MAC control elements such as BSR, PHR for the small cell and also depending on the architecture selected, the RLC PDCP status delivery corresponding to the offloaded traffic over the small cell.

Multiple Rx/multiple Tx UE operation in dual connectivity can achieve the aggregation of resources from multiple cells in both UL and DL transmission. Most of legacy layer 1 procedures could be used for Multiple Rx/multiple Tx UE operation in dual connectivity. Tight resource co-ordination between the cells is not required and the schedulers at macro and small cell can operate independently. This is important for support of inter-vender deployment scenarios. Therefore support for multiple Rx/multiple Tx UE operation in dual connectivity has minimal standard effort and low system impact. However multiple Rx/Tx UE operation may seen as increased complexity and cost from UE implementation point of view. Considering that the multiple Rx UE is already considered for Rel-10 CA, we don’t see reason for going back to single Rx UE for small cell enhancements. The throughput enhancement gain shown by aggregation of resource from two cells was marginal compared to the CA. Therefore we prefer to have a solution with minimal complexity and standard effort for inter-eNB resource aggregation. 
Proposal 3: Multiple Rx/Multiple Tx UE operation in dual connectivity is considered as the baseline for investigation on feasibility study of lower protocol layer impacts.

3 Conclusions

This contribution discusses impacts on lower layer (eg: layer 1 and MAC) taking into account the UE reception and transmission capacities with respect to the identified technical issues for small cell deployment scenarios. In order to assist feasibility study on layer 1 support for dual connectivity by RAN1, we have made the following focus points for initial investigation.

Proposal 1: RAN2 to discuss the approach should be taken for further study on lower protocol layer impacts (eg: layer 1) for scenario#1

Proposal 2: Signaling load reduction enhancement for scenario#3 is not likely to have significant impacts on lower protocol layers (eg: layer 1).

Proposal 3: Multiple Rx/Multiple Tx UE operation in dual connectivity is considered as the baseline for investigation on feasibility study of lower protocol layer impacts.
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