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1 Introduction
The intention of this contribution is to discuss the motivation of the proposed SID Study on enhancements for densely deployed small cells in LTE
2 Background
With the recent blooming of mobile broadband, higher demand on network capacity is expected in the future. In addition, high user throughput is expected by smart phone users in order to access more data demanding applications e.g. to watch high definition movies. One of the technology directions to meet these requirements is to deploy small cells more densely than before. With densely deployed small cells, it can improve network throughput by providing proximate hotspot access to users. 
Enhancements for small cells in indoor and outdoor deployment scenarios have been identified as one of the most important tasks in RAN1. However, small cell enhancement and CoMP studies in previous releases mainly focused on sparse deployment scenarios where only 4 or 10 small cells are deployed per macro eNB and, due to time limitations, many identified techniques including techniques for interference avoidance and coordination were de-prioritized in the final stage of study item and removed from Rel-12 work item. 
3 Motivation
Small cell scenarios have been identified for studies in Rel-12[3].  However, most of the studies were done in sparse deployment scenarios.  In particular, in the indoor scenarios (without macro), there are only 4 small cells on a floor in Scenario 3(dense).  Denser scenarios should be considered for the future deployment.  Ultra dense networks would be very useful for office scenario in order to support very high throughput per geographical area.  For example, considering a 50x50m office hall where ultra dense small cell network with 100 transmission points (TPs) are deployed as shown in Figure 1(a).  Ideal backhaul is assumed in the deployment. In [1], we compare the spectral efficiency in different densities.  Here we evaluate the potential gain if more coordinating TPs are supported in such dense small cell network.  Figure 1(b) shows the mean UE perceived throughput (UPT) gain.  The baseline is DPS among 3 strongest TPs per UE.   Compared to the baseline, the throughput gains of performing joint transmission (JT) among 3 TPs, 8TPs and 16TPs are 86%, 152% and 193% respectively under low load traffic.  It can be shown that significant gain can be obtained if we consider coordination among more TPs.
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	Figure 1(a) Ultra dense network in office scenario
	Figure 1(b) Mean UPT gain considering joint transmission (JT) of more TPs


In Rel-12 small cell study[3], the following enhancements for interference avoidance and coordination have been studied.

· Enhancements on coordinated scheduling with ABS 

· Enhancements on power control and adaptation
· Enhancements on interference coordination for control channels 
These enhancements should be revisited with dense small cell networks.  In addition, multi-carrier scenarios should be considered given that number of carriers is increased after introduction of eCA in Rel-13.   

Observation 1: New scenarios for dense small cell deployment should be identified and enhancements for interference avoidance and coordination should be studied in the identified scenarios.

Study of CoMP reached the following conclusions:

- Maximum number of CSI processes = 4

- Maximum number of CSI-RS resources for CSI feedback = 3

- Maximum number of CSI-IM resources for CSI feedback = 3
These conclusions were based on the study on sparse deployment of small cells or transmission points (TPs).  The typical case is 4 TPs per macro cell where the number of dominant interferers can be assumed to be less than 4.   In ultra dense small cell networks, this assumption no longer holds as there are more interferers.  The size of coordinating TP set should be extended to support dense small cell networks.  However, simply increasing the number of CSI processes and the corresponding CSI-RS/IM resources would lead to UE complexity and overhead issues.  Therefore, CSI enhancements considering complexity and overhead should be studied for CoMP in dense small cell networks.  The corresponding CSI-RS and CSI-IM resource configuration and the measurement behavior of UEs are related issues.    Studies can be based on the framework of FD-MIMO which has the newly introduced features such as beamformed CSI-RS and measurement restriction.  

Observation 2: Studies on CSI feedback and CSI-RS/CSI-IM resources should be done to support CoMP with more coordinating points in dense small cell networks.
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Figure 2 Coherent Joint Transmission 

Joint transmission is not well supported in some deployment scenarios e.g. when the coordinating TPs have different cell IDs as shown in Figure 2.  In such case, the restriction of PDSCH RE mapping considering only one CRS greatly limits the use case of joint transmission.  

To support coherent joint transmission, aggregated CSI-RS can be configured to the UE as shown in Figure 1.  However, there is a potential issue on quasi-co-location (QCL).  Since the current QCL assumes that CSI-RS ports in within a CSI-RS resource are quasi-co-located, performance degradation is expected if aggregation is done between ports from TPs in different locations.     

Observation 3: To support joint transmission, QCL and PDSCH RE mapping should be enhanced.

SRS capacity can be an issue in ultra dense network especially when the number of active UEs is also increased.  The increase in repetition factor (RPF) of SRS and number of UpPTS symbols introduced in Rel-13 FD-MIMO can alleviate the SRS capacity issue.  However, if all the SRS resources are used, pilot contamination can be severe in dense small cell network.  For TDD networks, downlink transmission may rely on the channel reciprocity via SRS. Therefore, accuracy of SRS has impact on both downlink and uplink operations.  To reduce the pilot contamination issue, coordination of SRS resources between cells should be studied.  Coordination can be done in different domains on SRS.  In addition, VCID of SRS has been discussed in previous CoMP and FD-MIMO SI/WIs.  Further study and evaluation can be done for ultra dense small cell networks.  

Similarly, pilot contamination issue can happen on downlink RS.  Particularly, coordination on CSI-RS and CSI-IM resources can be studied to support efficient re-use of these resources among TPs in ultra dense small cell networks.   

Observation 4: Enhancements should be studied to reduce pilot contamination issues on both uplink and downlink reference signals.
Rel-12 inter-site CoMP is targeted at schemes like semi-static point muting (SSPM) in which one anchor point is assumed per UE.  More advanced CoMP schemes like semi-static point selection (SSPS) or joint transmission (JT) via non-ideal fast backhaul can be considered in conjunction with multiple connectivity.  This not only improves the throughput but also potentially enhances the mobility and robustness especially for ultra dense small cell networks. Study can be carried out to identify specification impact to support inter-site CoMP with multiple connectivity.  
Observation 5: Enhancements on inter-site CoMP with non-ideal backhaul should be studied considering multiple connectivity.
Besides the coordination in physical layer, some optimization in high layer shall also be considered. In the ultra dense small cell scenarios, the coverage of small cells may overlap with each other, and the UE may detect good coverage from multiple small cells. 
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Figure 3 Example for multiple connections
For example, in the case depicted above, the UE can detect good coverage from the small cells on both frequency f2 and f3. However, based on the dual-connectivity framework in the current stage, only two connections can be supported by UE. So, the UE can only use either one of the two detected small cells, which will restrict the usage of densely deployed small cells. In order to further improve the user experience, the solutions for multiple connections based on dual connectivity framework should be studied.
Observation 6: In order to further improve the user experience, the solutions for multiple connections based on dual connectivity framework should be studied.

Mobility, as one of the most important issue in the wireless communication system, has been discussed frequently in the past. For the ultra dense deployment scenario, new challenges have been raised due to the frequently small cell change. According to the current specs, in case UE moves across small cells, either handover or SeNB change procedure will be triggered. For the SCG bearer, the SeNB change is a kind of “break before make” procedure (i.e. the UE will disconnect with the source small cell for a while before it establishes a radio connection with the target small cell), and the temporary disconnection from the small cell may result in a interruption of the user plane data transmission at the cell edge of small cells. For the Split bearer, since PDCP PDUs received in MeNB may be blocked in the PDCP reordering buffer, the interruption of user plane data transmission can still be detected even in case the MCG branch is still available during the mobility procedure. Moreover, temporary congestion will also happen during a change of small cells. This is mainly due to the extra delay spent on forwarding PDUs from the source small cell to the target small cell and the longer waiting time in the PDCP buffer due to the fact that user throughput from the small cell is gone. Normally, when temporary congestion occurs in PDCP layer, PDCP SDU or PDU will be discarded to avoid further IP packets surge into PDCP layer. But such discard scheme also results in a quick drop of TCP throughput due to the TCP congestion control algorithm. It is expected that these kinds of problem will become worse when more small cells are deployed densely. To identify the mobility issue mentioned above, some simulation has been made (the simulation scenario and assumption can be found in annex), and the result can be found as follow:
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Figure 4 Simulation result for mobility in UDN scenario

Based on the analysis and simulation result given above, it can be seen that the “break before make” procedure may lead to some data interruption in user plane and cause negative impact on the user experience. So, in order to improve the performance in the user plane during the mobility, some kind of “make before break” procedure (i.e. soft handover), which is based on the multiple connection discussed above, can be considered as a potential enhancement. The basic idea of “make before break” procedure, which is illustrated in the figure below, is that the UE shall establish the connection with the target SeNB before it release the connection with the original one. With the “make before break” procedure, the data can be transmitted to UE simultaneously through both of the two SeNBs during the mobility process and the interruption in the user plane can be avoided. 
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Figure 5 Mobility with multiple connections

If the multiple connection in physical layer is not available due to the restriction of UE capability or some other reason, some kind of “make before break” in higher layer (i.e. multiple connections are configured to UE but only two connections can be activated at the same time, which is depicted in the figure below.) can still be used to reduce the interruption time during the small cell change. 
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Figure 6 Mobility with multiple connections in high layers only

Based on the analysis above, considering the new challenges on mobility raised by the UDN scenarios, it is proposed to to investigate more carefully and deeply to see whether there is any chance to improve the mobility performance to reduce the interruption time and smooth the data transmission during the change of small cells. 
Observation 7: More study is required to see whether there is any chance to improve the mobility performance to avoid or reduce the interruption time and smooth the data transmission during the change of small cells.

Furthermore, based on the current Dual-connectivity framework, the transmission of control plane signalling is still restricted in MeNB, even in case the UE is at the edge of the macro cell but has good coverage from SeNB. With this restriction, the RRC signalling for mobility can only be transmitted through the macro cell, which may cause some unnecessary HO failure. As a candidate of optimisation, RRC diversity has been studied in the SI phase of Dual connectivity.The simulation results, which have been captured in the TR 36.842, show that a considerable gain can be obtained from RRC diversity. 
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Figure 7 RRC diversity

However, due to the limited time budget, RRC diversity has not been discussed sufficiently. So, in order to improve the mobility robustness, it is desirable to continue the study on usage and solutions for RRC diversity based on the framework of dual connectivity.

Observation 8: In order to improve the mobility robustness, it is desirable to continue the study on usage and solutions for RRC diversity based on the framework of dual connectivity.

Based on all the motivation discussed above, and considering the new challenges raised by the ultra dense deployment of small cells, we propose that the new ultra dense small cell scenarios (e.g. indoor office scenarios) should be identified and some related enhancement should be further studied.
Proposal 1: Considering the ultra dense deployment of small cells may lead to lots of new challenges, new ultra dense small cell scenarios (e.g. indoor office scenarios) should be identified and the related enhancements mentioned above should be further studied in R14.
4 Summary
This contribution discusses the motivation of new study item on enhancements for densely deployed small cells in LTE and concludes with the following observations and proposal:
Observation 1: New scenarios for dense small cell deployment should be identified and enhancements for interference avoidance and coordination should be studied in the identified scenarios.
Observation 2: Studies on CSI feedback and CSI-RS/CSI-IM resources should be done to support CoMP with more coordinating points in dense small cell networks.
Observation 3: To support joint transmission, QCL and PDSCH RE mapping should be enhanced.
Observation 4: Enhancements should be studied to reduce pilot contamination issues on both uplink and downlink reference signals.

Observation 5: Enhancements on inter-site CoMP with non-ideal backhaul should be studied considering multiple connectivity.
Observation 6: In order to further improve the user experience, the solutions for multiple connections based on dual connectivity framework should be studied.
Observation 7: More study is required to see whether there is any chance to improve the mobility performance to avoid or reduce the interruption time and smooth the data transmission during the change of small cells.
Observation 8: In order to improve the mobility robustness, it is desirable to continue the study on usage and solutions for RRC diversity based on the framework of dual connectivity.
Proposal: Considering the ultra dense deployment of small cells may lead to lots of new challenges, new ultra dense small cell scenarios (e.g. indoor office scenarios) should be identified and the related enhancements mentioned above should be further studied in R14.
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6 Annex (Simulation scenario and assumption)
Simulation scenario
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Simulation assumption
	Environment Parameter
	Value

	Cellular Layout
	Hexagonal grid, 7 cell sites

	Inter-site distance
	500m，18m

	CF for Pico
	2.6GHz

	CF for Macro
	1.8GHz

	System bandwidth
	20MHz

	Traffic Model
	FullBuffer

	Macro Antenna Height
	35m

	Pico Antenna Height
	10m

	BS Antenna Num
	2

	UE Antenna Num
	2

	Pico Transmit Power
	23 dBm

	Macro Transmit Power
	46 dBm

	Macro antenna gain + Cable Loss
	14 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	Macro PathLoss model
	ITU Uma

	Pico PathLoss model
	ITU Umi

	UE Speed
	3km/h

	Macro Antenna pattern (horizontal)
	= 70 degrees,  Am = 25 dB

	Macro Antenna pattern (vertical)
	= 10,  SLAv = 20 dB

	Macor BS antenna downtilt
	12 degree

	Pico Antenna pattern
	5dBi Omni


	User Plane Parameter
	Value

	Pico UE average RB/subframe
	20

	Macro UE average RB/subframe
	5

	TCP MTU(bit)
	1500*8

	PDCP buffer size for UE
	MTU * 200

	Initial Congestion Window Size
	MTU * 1

	Initial Slow Start Threshold
	MTU * 32

	PDN Static Delay
	10ms

	PDCP discard Timer
	500ms


_1510409573.vsd

