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1 Introduction
Based on the discussion at RAN2#81bis, descriptions of the following potential challenges are captured in the TR35.842. 

a) Mobility robustness: in particular increased HOF/RLF upon mobility from pico to macro cells.

b) UL/DL power imbalance between macro and small cells

c) Increased signaling load (e.g. to CN) 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

In terms of the mobility robustness, it was captured that the mobility performance in scenario#1 was analysed in TR 36.839 [4] under the HetNet mobility study. The conclusions in TR 36.839 are a baseline for this study. 

It is FFS whether the UL/DL power imbalance and the resulting UL throughput/capacity degradation is a challenge addressed in this study.
Specific solutions for network planning and configuration effort will not be discussed in this study item and will be handled by the other study item or work item later.
A challenge may be defined as what can not be achieved with the existing solution. A number of possible enhancements which could be considered for co-channel small cell deployment scenarios were proposed in [2,3]. The objective of the proposed solutions is to overcome the potential challenges especially b) and d) above. The same objective was considered in the previous study conducted in ICIC/eICIC WI. In this contribution we further analysis the proposed solutions in comparison to the enhancements available in the legacy network and attempt to identify whether there is a challenge remains to be solved in small cell study when considering co-channel small cell deployment scenario.
2 Discussion
Two enhancement solutions applicable for co-channel small cell deployment scenarios are proposed in [2] and [3]. A brief description of each of the solution and aspects which need to be addressed in the design of solutions are discussed below. 

UL/DL split

In [2], it was highlighted an issue on possible under-utilisation of radio resources due to UL/DL power imbalance occurred in the legacy radio access network. A solution was proposed such that UL and DL to be served by different eNBs depending on the best UL and DL radio link. Considering the UE is served in UL and DL over the best quality radio link, system capacity is argued to be improved in [2]. Even though the DL is being served by the best cell, the UL/DL split would not result in DL offloading via the small cell. DL offloading was identified as important requirement in eICIC study. Note that when traffic is predominantly DL, UL/DL split doesn’t seem to bring any enhancement.  
Moreover, realisation of centralised scheduler is not possible when considering the non-ideal backhaul latency. Therefore independent schedulers at each cell are required. This also means that the associated control signalling should be transmitted to/from the corresponding scheduler node. The small cell is in charge of UL scheduling hence PDCCH for UL grant should be received from the small cell also the HARQ feed back for UL transmission should be received from the small cell. Similarly, the DL assignment should be received from the macro cell as well as HARQ feedback on DL transmission and CQI reporting should be provided to the macro scheduler. When considering PHY layer channels and signalling, the UL/DL split can not be seen as pure UL and DL split.
Table 1: PHY layer channels required to support UL/DL split
	@ small cell
	@ macro cell

	In charge of UL grant scheduling (UL-SCH)
	In charge of DL assignment scheduling

	PDCCH for UL-SCH 
	PDCCH for DL-SCH

	PHICH
	HARQ feedback

	 
	CQI reporting 


The above results in constraints and modification to the PHY channel design. Importantly, a mechanism is required for PDCCH channel protection. Note that PDCCHs are transmitted from the small cell and macro cell on the same frequency bandwidth. Therefore the interference on control channel needs to be controlled to an acceptable level. The same issue was addressed in Rel-11 eICIC work. Another issue need investigation in RAN1 is the transmission power control towards macro and small cells.
Data split is performed at the RAN eNB level and data is forwarded from macro cell to the small cell for delivery in some protocol architecture options proposed for dual connectivity support. Due to the non-ideal backhaul latency, not all the radio bearers can be forwarded via small cell. For example UL traffic with strict latency requirement may not be able to tolerate large backhaul latency if transmitted to the small cell.

Observation 1: DL offloading requirement by predominantly DL traffic and non-ideal backhaul latency on the transmission of high priority data (eg: VoIP) limits the usefulness of pure UL/DL split transmission solution.

Multi-stream aggregation

Multi-stream aggregation is proposed as a method of dual connectivity support in [3]. From the over air transmission point of view, this may be seen similar to the multi-flow techniques standardised in UMTS. Simultaneous reception or non-simultaneous reception of multiple flows at the UE can be considered. 

The basic value proposition for multi-streaming is that with two servers (two eNBs) to serve the UEs, the UEs at cell edge have twice as many resources (power, bandwidth, channel uses (i.e. time intervals available for scheduling) available if simultaneous reception is supported at the UE. The specific gain realized is a function of the relative link strengths for an edge of cell UEs to the two serving eNBs as well as the scheduling opportunities available (which is a function of the loading at each cell) to these UEs at either cell. The improvement in cell edge throughput usually comes at the cost of overall network throughput, when the system is operated at full load. 
With non-simultaneous reception, the macro and small cell resources for the UE need to be tightly coordinated. Similarly, control channel and feedback channels are required to be coordinated for multiple transmissions. Resource coordination between macro and small cell is the principle followed in ICIC study. It should be analysed the gain achieve with non-simultaneous multi- stream compared to the legacy ICIC mechanisms.
With simultaneous reception, the macro and small cell may transmit to the UE at the same time. The UE receivers are required support differentiation of transmission path at the UE. Even though the enhanced receiver may be utilised for data differentiation, it is need the further investigation on whether the control channels (ie: PDCCH) received simultaneously could also be differentiated at the UE. Otherwise, resource coordination is required for control channel protection.
Another point to investigate when supporting multi-stream transmission in co-channel deployment scenario is the UL control channel transmission. When simultaneous transmission is considered, the UL control channel should also be designed such that the corresponding UL information could be received by the relevant eNB. The transmission power control in this scenario therefore needs to be considered. Similar issues can be seen for the UL data transmission. Unless the UL resources are coordinated between the cells, the UL transmission towards one cell may not be successful due to interference from the data transmission towards the other cell with high power. 
Observation 2: when considering both simultaneous and non-simultaneous reception at the UE, resource coordination (especially for control channel protection) is required for support of dual connectivity in co-channel small cell deployment scenario. 

The potential challenges b) and d) that may be seen in the co-channel small cell deployment scenario is the requirement for enhancement UE throughput for the cell edge UEs. CoMP techniques were developed for cell edge throughput enhancements considering an ideal backhaul and radio resources controlled by one eNB. Small cell enhancements study considers non-ideal backhaul deployments. Cell edge throughput enhancement was studied under the ICIC considering non-ideal backhaul link.  The proposed solutions should be compared to the performance of legacy ICIC mechanisms. The UL/DL split transmission and multi-stream aggregation in co-channel deployment are compared to the legacy mechanisms in Table 2 with focus on the challenges other than the mobility robustness.
Proposal 1: RAN2 is requested to capture the comparison shown in Table 2 for investigation of enhancement for co-channel small cell deployment scenario in the TR 36.842.  

Table 2: Comparison of user plane architecture options
	
	Rel-11 eICIC
	EPDCCH & frequency domain ICIC
	Dual connectivity with UL/DL split
	Dual connectivity with multi-streaming

	Control channel protection


	Time domain resource coordination


	Frequency domain resource coordination


	Frequency or time domain resource coordination


	Resource coordination or advanced receiver for interference cancellation 

	Data transport channel protection


	Time domain coordination


	Frequency domain coordination


	Frequency or time domain resource coordination (less compared to ICIC)

	Resource coordination or advanced receiver for multi path differentiation in DL.
Resource coordination is required to allow for multiple UL transmission.

	mobility signalling reduction


	Mobility change over  needs to perform for the UEs in CRE


	- mobility change over needs to perform for the UEs in CRE


	w.r.t mobility small cell area is reduced, ie: only require HO to small cell at the centre region

UL data changeover between cells may require procedures similar to HO.


	w.r.t mobility, the UE may be kept connected to the macro cell longer than that is supported by the legacy mechanisms.
Establishing data bearers on small cell may require procedures similar to HO.



	Network planning and configuration effort


	resource coordination, subframe level synchronisation is required


	Good resource coordination is required 


	Only resource coordination for control channel


	Some solutions require resource coordination between the cells.
While other solutions require advanced receiver at the UE

	Protocol aspect


	doesn’t require user data delivery between nodes

- Scheduler at one node


	doesn’t require user data delivery between nodes

- Scheduler located at one node


	require user data delivery between macro and small cell

Separate UL/DL scheduler located @ different nodes 

Scheduler policy coordination may be required 


	Require user data delivery between macro and small cell.
Separate scheduler located at different nodes

Scheduler policy coordination may be required

	UE complexity and specification impacts


	Already available 


	Already available 


	high

and RAN1 specification impact
	High: some solutions require advanced receiver for co-channel interference cancellation and RAN1 specification impact

	Legacy UE operation: standalone operation


	not impacted


	not impacted


	Standalone operation is only possible for UEs at the small cell centre


	Legacy (single cell) operation can be supported

	RAN1 impacts 
	Not impacted
	Not impacted
	Transmission power control on PUCCH and PUSCH which are intended for different eNBs
	UL control channel transmission and transmission power control


Need for resource coordination or receiver supporting multi-path differentiation is required to mitigate co-channel interference from the neighbouring cell. Similarly the requirement of UL transmission as discussed above resulted due to the use of the same frequency for the transmission. Therefore, dual connectivity support in co-channel small cell deployment scenario enforces additional constraints on the design due to the co-channel characteristic when compared to the dual connectivity support in inter-frequency small cell deployment scenarios. 

Observation 3: Dual connectivity support in co-channel small cell deployment scenarios enforces additional constraints on the design due to the co-channel transmission characteristics when compared to the dual connectivity support in inter-frequency small cell deployment scenarios.

As discussed above, all proposed solutions require some level of resource coordination between the cells in order to mitigate interference from neighbouring cell on the control and data transmission. This the same principle followed in ICIC study previously. The proposed new solutions require significant modification to protocol/network architecture and channel design and add UE and specification complexity. However it is not clear how much extra throughput gain can be achieved with the proposed solutions when compared to the legacy solutions which are based on the same basic principle of resource/transmission coordination for interference mitigation.  

Observation 4: the dual connectivity based solutions and the legacy solutions are based on the concept of resource coordination for interference mitigation on control and data transmission in co-channel small cell deployment scenarios.

Proposal 2: RAN2 to discuss whether b) UL/DL power imbalance between macro and small cells and d) difficult to improve per-user throughput by utilising radio resources in  more than one eNB would be seen as challenge to be solved in small cell study when compared to the legacy solutions. 

Moreover, there is significant support required by RAN1 in designing dual connectivity solution in co-channel scenario. UL physical channel design and UL transmission power control to allow for the transmission to be received by a particular eNB is essential in the design. RAN1 is better group than RAN2 for the work involving UE throughput and system throughput analysis. Note that multi-flow study in UMTS was primarily done in RAN1. Dual connectivity support solutions show similarities with UMTS multi-flow techniques. RAN1 has the necessary expertise and the background for similar analysis. Further more, as stated in the SID, one objective of the small cell –physical layer enhancement study item is the investigation of physical layer support in connection to higher layer enhancements. 
Proposal 3: It is proposed that RAN1 should first perform the analysis of throughput enhancement and physical layer modification required to support dual connectivity in co-channel small cell deployment scenarios.

3 Conclusions

This contribution discusses design and technical aspects of different enhancement techniques proposed for co-channel small cell deployment scenario. The solutions analysed compared to the legacy mechanism for cell edge throughput enhancements. The following observations and proposals are made.

Observation 1: DL offloading requirement by predominantly DL traffic and non-ideal backhaul latency on the transmission of high priority data (eg: VoIP) limits the usefulness of pure UL/DL split transmission solution.

Observation 2: when considering both simultaneous and non-simultaneous reception at the UE, resource coordination (especially for control channel protection) is required for support of dual connectivity in co-channel small cell deployment scenario. 

Observation 3: Dual connectivity support in co-channel small cell deployment scenarios enforces additional constraints on the design due to the co-channel transmission characteristics when compared to the dual connectivity support in inter-frequency small cell deployment scenarios.

Observation 4: the dual connectivity based solutions and the legacy solutions are based on the concept of resource coordination for interference mitigation on control and data transmission in co-channel small cell deployment scenarios.

Proposal 1: RAN2 is requested to capture the comparison shown in Table 2 for investigation of enhancement for co-channel small cell deployment scenario in the TR 36.842.  

Proposal 2: RAN2 to discuss whether b) UL/DL power imbalance between macro and small cells and d) difficult to improve per-user throughput by utilising radio resources in more than one eNB would be seen as challenge to be solved in small cell study when compared to the legacy solutions. 

Proposal 3: It is proposed that RAN1 should first perform the analysis of throughput enhancement and physical layer modification required to support dual connectivity in co-channel small cell deployment scenarios.
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