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2.0	Primary classification
This work item is a …
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3	Justification

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. 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 some related enhancement should be further studied.

In densely deployed small cell scenarios, the traffic load is usually high and the interference changes drastically.  The interference between small cells become more severe in as there is more overlapping coverage area among small cells.  The potential gains from transmitter based interference coordination is expected to be significant.  Therefore, identifying the mechanisms for interference avoidance and coordination among small cells in dense deployment is needed.  Possible candidates include extending ABS to multi-cell scenario, power control/adaptation, control channel interference coordination and coordinated scheduling (CS).  For the scenarios with fast backhaul (e.g ideal backhual or non-ideal backhual with low latency), tight coordination such as joint transmission between small cells can be considered.  To support more coordinating TPs, enhancements on CSI feedback considering extension on the number of CSI processes, CSI-RS resources and CSI-IM resources should be studied.  Coordination among TPs on reference signals should be studied to avoid pilot contamination issue.

Besides the coordination in physical layer, some optimisation in high layer shall also be considered. In the current stage, only two connections can be supported by UE based on the dual-connectivity framework, which may restrict the usage of densely deployed small cells. In order to further improve the user experience, the scenarios and solutions for multiple connections should also be studied as an enhancement of the small cell dual connectivity.

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 especially for the case that multiple small  cells are deployed overlapping with each other within the coverage of one macro cell. 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. Considering the limited coverage of small cell, the frequently “small cell change” may lead to a negative impact on the user experience. So, it is then essential 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. 

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. When interrupted TCP throughput brings negative QoE e.g. download time of a video film will be prolonged.

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. 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.


4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this study item is to identify dense small cell scenarios with ideal backhaul as well as non-ideal backhaul , study and evaluate following potential enhancements for the identified scenarios:  
· Enhancements for interference avoidance and coordination 
· Enhancements on coordinated scheduling with coordinated on/off or ABS in multi-carrier scenario
· Enhancements on power control and adaptation
· Enhancements on interference coordination for control channels 
· Enhancements on CoMP considering both ideal and non-ideal backhaul
· Enhancements on CSI feedback, QCL and PDSCH RE mapping considering
· Joint transmission
· More coordinating TPs
· Enhancements on reference signals considering configuration and coordination on
· Sounding reference signal
· CSI-RS and CSI-IM resources
· Enhancements to support multiple connections with non-ideal backhaul 
· Study the usage and solutions for multiple connections based on the current dual connectivity framework. The following two schemes of multiple connections are considered:
· Multiple connections are configured to the UE, but only a limited number of connections are activated at the same time.
· Multiple connections are configured to the UE, and all the connections are activated at the same time.
· Enhancements for interruption time reduction 
· Study schemes to shorten the interruption time both in control plane and user plane due to mobility events based on the current dual connectivity framework. The usage of multiple connections can also be considered in this part.
· Enhancements for mobility and signalling robustness 
· Study RRC diversity to improve the mobility and signalling robustness based on the current dual connectivity framework and future multiple connectivity.

The solutions studied in this SI should be backward compatible i.e. they can coexist with current signalling procedures.

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.





4.3	RAN time budget proposal
NOTE:	For WIs/SIs under RAN WG5 leadership this section is not filled out. Otherwise:
For a not yet approved WI/SI the rapporteur has to fill out the last row of the table(s) below up to the target date of the WI/SI (if necessary add further tables): Indicate the number of time units (1 TU ~ 2h), i.e. one value for each session/field. If no time unit is needed, leave the field empty.
For WI/SI already approved in the past, the tables below will no longer be updated in the WI/SI description (i.e. the tables reflect the status of the initial approval). But changes can be proposed in the status report of the WI/SI.
	RAN #71	Q1/2016	RAN #71

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf

	84
	84
	93
	93
	93
	91
	78
	78
	78
	78

	2
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	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	84bis
	84bis
	93bis
	93bis
	93bis
	91bis
	78bis
	78bis
	78bis
	78bis
	85
	85
	94
	94
	94
	92
	79
	79
	79
	79

	2
	
	2
	
	
	1
	
	
	
	
	2
	
	2
	
	
	1
	
	
	
	

	RAN #73	Q3/2016	RAN #73

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf

	86
	86
	95
	95
	95
	93
	80
	80
	80
	80

	2
	
	2
	
	
	1
	
	
	
	

	RAN #74	Q4/2016	RAN #74

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	86bis
	86bis
	95bis
	95bis
	95bis
	93bis
	80bis
	80bis
	80bis
	80bis
	87
	87
	96
	96
	96
	94
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L: LTE, U: UMTS, J: Joint, RD: RRM/demodulation

NOTE:	In case further explanation of the time budget proposal is needed, then please explain this below.
additional comments to the time budget proposal:

5	Service Aspects

6	MMI-Aspects

7	Charging Aspects

8	Security Aspects

9	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others

	Yes
	
	X
	X
	
	

	No
	x
	
	
	x
	

	Don't know
	
	
	
	
	x



10	Expected Output and Time scale
	New specifications [If Study Item, one TR is anticipated]

	Spec No.
	Title
	1st rsp. WG
	2nd rsp. WG(s)
	Presented for information at plenary#
	Approved at plenary #
	Comments

	
	Study on enhancements for densely deployed small cells for E-UTRA and E-UTRAN
	RAN1
	RAN2, RAN3
	RAN#72
	RAN#74
	

	
	
	
	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Comments for each spec.
By default a new specs can only be new for one of both parts.

	Affected existing specifications  [None in the case of Study Items]

	Spec No.
	CR
	Subject of the CR
	Approved at plenary#
	Comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Comments for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.
11	Work item rapporteur(s)
LI, RUYUE
Company:	ZTE Corporation
Email: li.ruyue@zte.com.cn

12	Work item leadership
Leading working group:
RAN1 working group

Secondary working group:
RAN2 working group
RAN3 working group
NOTE:	If this is a RAN WID including Core and Perf. part, then this WG specifies the WG leading the Core part.
RAN WG4 is by default leading the Perf. part.

13	Supporting Individual Members
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	Samsung

	Mekiatek
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