3GPP TSG RAN WG1 Meeting #75

R1-135138
San Francisco, USA, 11th – 15th November 2013
Agenda item: 
6.2.6.2

Source: 

Fujitsu

Title: 



Specification Support for UL based cell discovery
Document for: 
Discussion/Decision
1 Introduction
In RAN1#74bis the following conclusion was reached:-
· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off

The RAN3 specification in this area is intended to facilitate energy saving. This document considers how these features can be applied to small cell on off and any additions which may be needed in order to achieve performance benefits. 
Since it may appear to have low specification impact, we focus on the use of UL based cell discovery techniques for UEs with “CA-like” capability.
2 Discussion

RAN3 specifications support energy saving by turning off cells which are assumed not to be required for basic coverage. This is achieved by means of eNodeBs being able to autonomously deactivate cells that they control and request activation of dormant cells controlled by neighbouring eNodeBs [1, 2, 4]. The existing signalling is based on the following assumptions:

· It is up to implementation to identify suitable cell(s) for activation/deactivation.  

· Legacy procedures are used to establish data transmission via a newly activated cell

· Fast On/off transition times are not required

The existing specifications are probably sufficient to support cell on/off based on traffic loading and cell association, for which low to moderate performance gains are possible for typical UE distributions. 
The evaluation results in [3] suggest that more significant gains are available for semi-static cell on/off in response to packet arrival. However, in this case accurate cell identification and fast transition times are required. This case is discussed further below.

Observation 1: The existing RAN3 specification s for activation of dormant cells appear to be sufficient to support small cell on/off based on traffic load and cell association, but not for packet arrival.
2.1 Cell discovery and activation/deactivation criteria

It is assumed by RAN3 in [1] that the mechanism and criteria for selecting suitable cells for activation and deactivation are up to the implementation, or under control of O&M. From a RAN1 perspective these procedures would rely heavily on some form of “cell discovery”. Without provision of DL discovery signals from dormant cells, cell discovery would need to be UL based (e.g. by detection of UL transmissions by dormant cells), or determined from the current serving cell (e.g. from the set of neighbour cells). 

In addition, processing of some relevant measurements would be needed in order to determine which (if any) of the discovered cells should be activated.  However, there is no explicit support in the specifications for suitable measurement procedures.  If suitable measurements are not available to identify a single suitable candidate, activation or one or more dormant cells could be carried out on a trial basis.

For low mobility or stationary UEs it may be considered to be sufficient to perform cell discovery only infrequently. However, this would not allow adaptation to changing channel, interference and traffic conditions. 

2.2 Data transmission via activated cells

Currently, use of a dormant cell following activation would require a handover, unless such a cell is already configured to the UE as an Scell. Note that support for Scells with non-ideal backhaul is currently being introduced in Rel 12. However, this may not be available for legacy UEs.
2.3 On/Off transition times

The achievable on/off transition time for responding to packet arrival will depend on whether cell discovery, synchronisation, and “handover-type” procedures need to be carried out for each packet arrival. If such procedures are required, as would be the case for legacy UEs, and without any additional specification features, then on/off transition times would be of the order 500-1000ms (for off-to-on). This is too long to achieve any performance gains. 
In order to achieve significant performance gains the off-to-on transition time needs to be 100ms or less. This would require that discovery, synchronisation and any “handover-type” pre-configuration can all be carried out before the cell is activated.  This can be achieved by DL based cell discovery techniques, and by UL based techniques, but only for low mobility UEs 
Observation 2: UL based discovery has limited scope to reduce on/off transition times. Therefore for packet arrival the performance gain with small cell on/off using UL-based cell discovery may be limited to low mobility UEs
2.4 Required specification features

In order to mitigate the limitations of UL based cell discovery, a variety of new specification features would be relevant. These are listed in Table 1, together with existing features.
	Feature
	UE support
	Status in RAN2/3
	Feasibility of O&M and/or implementation support
	Comments

	Activation of a dormant cell
	N/A
	Signalling specified in 36.423 and 36.413
	Possible: For decision to activate
	

	Deactivation of an active cell
	N/A
	Up to implementation
	Possible: For decision to de activate
	It is possible for an eNB to make this decision autonomously

	Indication to neighbouring eNBs that a cell is dormant
	N/A
	Signalling specified in 36.423 and 36.413
	Not required
	

	Reception of UE UL transmissions by a dormant cell
	N/A
	Not precluded for implementation
	Possible
	If this possibility is supported, it could be useful to distinguish whether a dormant cell is able to receive UE transmissions or not

	Indication of UE UL transmission configuration to a neighbouring eNBs
	N/A
	Not specified
	Possible
	This would facilitate detection of UL transmissions from UEs served by neighbour cells 

	Indication of UE UL scheduling information to a neighbouring eNBs
	N/A
	Not specified
	Possible
	This would facilitate detection of UL transmissions from UEs served by neighbour cells

	Reporting by a dormant cell eNB to neighbour eNBs concerning reception of UE UL transmissions
	N/A
	Not specified
	Possible
	This would facilitate an appropriate decision on sending a request for cell activation

	Establishing data transmission in a newly activated cell 
	Handover or Scell activation
	Handover or Scell activation
	Not required
	A new procedure for small cell on/off may reduce transition times

	Triggering of UE UL transmissions suitable for detection by dormant cells
	Additional triggering mechanisms/UE behaviour for PRACH, SR and/or SRS
	Not specified
	N/A
	Existing triggers may be sufficient


Table 1: Features to support UL-based cell discovery
Observation 3: Significant additional specification features would be needed to enable performance gains for small cell on/off for both UL and DL-based cell discovery 
3 Conclusions
In the discussion the following observations were made:

Observation 1: The existing RAN3 specification s for activation of dormant cells appear to be sufficient to support small cell on/off based on traffic load and cell association, but not for packet arrival.

Observation 2: UL based discovery has limited scope to reduce on/off transition times. Therefore for packet arrival the performance gain with small cell on/off using UL-based cell discovery may be limited to low mobility UEs
Observation 3: Significant additional specification features would be needed to enable performance gains for small cell on/off for both UL and DL-based cell discovery
To properly reflect these points in [3], it should be clarified that in section 7.1.1.3.2 that the proposed improvements in transition times based on discovery signals do not apply to UL based discovery techniques. It should also be clarified in section 7.1.1.5 that all the standards impacts (except provision of discovery signals) apply for both UL and DL-based discovery techniques.
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