Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #85bis
Tdoc R2-141633
Valencia, Spain, 31st March – 4th April 2014
Agenda Item:
7.2
Source:
Ericsson
Title:
Overview of Small Cell On/Off and Discovery
Document for:
Discussion, Decision
1 Introduction

In RAN plenary meeting #62, the agreed WID [1] for Small cell enhancement – Physical layer aspects includes the following as one of the enhancements.

	· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· Discovery procedure/signal(s) are needed

· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.


In this document, we provide an overview of small cell on/off and discovery based on the RAN1 discussions so far, and discuss potential RAN2 impacts.
2 Overview

2.1 Small cell On/Off

One of the main purposes of small cell on/off is to reduce interference to other cells when data is not being transmitted from the cell. This is achieved when all transmissions from the cell are turned off for some period of time. 

The methods cited in the WID to facilitate a small cell turning off, i.e., Handover, CA activation/deactivation, dual connectivity, and new L1 procedure may all differ in the transition time possible between the on and off states, i.e., the time taken to actually turn off or on a cell after the decision to turn it off or on has been made. Faster transition times are more desirable as reflected by the evaluations done during the study item which state that the performance gain increases with decreasing transition time. 

Generally, the handover based on/off mechanism has the slowest transition times in the order of at least 80-90 ms, followed by the dual connectivity and CA activation/deactivation mechanisms. CA Scell activation/deactivation transition times are in the order of 24/8 ms. As stated in the WID, a new L1 procedure on an activated SCell can further reduce the transition time. Such a procedure can allow some subframes with no DL data transmissions to be dynamically turned off thus further reducing interference in the network opportunistically.

The Handover mechanism for on/off may be used when a cell that has legacy UEs connected to it needs to be turned off. The Handover mechanism for on/off has the slowest transition times in the order of 80-90 ms and hence is useful when it is desired for the cell to be turned off for at least many 100s of milliseconds. 

CA activation/deactivation is the fastest mechanism already defined and can generally be used to turn off SCells without having to handover UEs to another cell. However, a cell that has any legacy UEs connected to it cannot be turned off. This restricts any meaningful on/off operation with SCell activation/deactivation to those cells that only have Release 12 UEs connected to it. The activation/deactivation times are in the order of 24/8 ms and hence SCell activation/deactivation can be used when it is desired to turn the cell off for at least many tens of milliseconds.

The newly defined L1 procedure can provide substantially greater gains than CA activation/deactivation [2] and can operate on an activated SCell thus alleviating the overhead of activating and deactivating the cell for all UEs connected to it. This mechanism is useful in employing on/off when it is desired to turn the cell off for shorter periods of time than reasonably supported by the other mechanisms while still being able to provide good throughput to the UEs connected to the cell.

Therefore, the different on/off mechanisms in the WID can complement each other with the main gains coming from the new L1 procedure [2]. This is captured in Table 1 under the assumption that the minimum on and off periods should be greater than the transition times by at least a factor of five in order to minimize overhead. Discovery signals/procedures are necessary for all of the small cell on/off mechanisms identified in the WID.

	Desired time scale (minimum on and off periods) for operating on/off
	Suitable on/off mechanism (On-off and off-on transition times)

	> 400 ms
	Handover (80-90 ms)

	Similar to handover?
	Dual connectivity (?)

	> 70 ms
	SCell activation/deactivation (18 ms and 8 ms)

	< 70 ms
	New L1 procedure (< 10 ms?)


Table 1: On/off mechanisms

2.2 Cell Discovery and Measurements

The WID states that discovery signal/procedures are needed for cells that are off in order to perform the functions of cell identification, time frequency synchronization, RRM measurements and quasi-co-location. The main reason for defining such a discovery signal/procedure is so that these functions may be performed by UEs when the cell is off. This reduces transition times to the on state where UEs can receive data on the cell, by alleviating the need to do these functions after the cell is turned on. It should be noted that discovery signals and procedures cannot be used by legacy UEs to perform the above cited functions and these are useable only by Release 12 UEs. Thus, if a cell goes from off to on state, faster transition times as enabled by the discovery signal/procedure are only applicable to Release 12 UEs. Legacy UEs can be handed over to a cell that has been turned on, but it will take a longer time for a legacy UE to receive data on the cell after it is turned on than it takes for a Release 12 UE to receive data.

Clearly, in order to allow the cell to be off for a significant fraction of the time, the periodicity of the discovery signals needs to be much slower than in Rel-8 where the PSS/SSS appeared every 5 ms. This is shown in Figure 1 where the interval between discovery signal is many multiples of a frame duration. It would be desirable for the periodicity of the discovery signals to be configurable to allow flexibility for different deployment scenarios and on/off mechanisms. Furthermore, it would be best for the discovery signals to be transmitted during off and on periods so that any discovery signal based measurement procedures can be applicable regardless of cell state which makes management of measurements significantly simpler.
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Figure 1: Discovery signal transmissions

2.3 Status and Open Issues

The LS in [3] gives the current status on discussions in RAN1 regarding the small cell on/off and discovery. 
2.3.1 Status
In summary, the following has been agreed in RAN1: 

-
There shall be no new idle mode UE behavior in Rel-12.

-
The Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs.
-
RSRP and RSRQ-like measurements based on the discovery signal will be supported.

-
For the enhanced cell discovery procedure, UE can assume that multiple signals are transmitted. It has been agreed that PSS will be transmitted. Choice of other signals is still being studied. The UE can use any combination of received discovery signals for any of the purposes.

-
Network assistance related to at least the timing of the discovery measurements will be provided.

-
The discovery signals chosen should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells. 
2.3.2 Open Issues

RAN1 still has to decide on the following aspects:

-
Detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time.
-
Which signals other than PSS should be transmitted for the Rel-12 discovery procedure
-
Details on how to support RSRQ-like measurements based on the defined discovery signals.
-
Whether discovery signals should be transmitted when the cell is on
-
Whether and how on/off states are explicitly informed to the UE
-
Details of network assistance provided to UEs for performing enhanced cell discovery
Among the above open issues, details on support for RSRQ-like measurements are quite likely to not have any RAN2 impacts. The new L1 procedure for activated SCell operating on/off is still to be discussed in detail in RAN1. However, it is likely that such a procedure will be designed in a way that is transparent to the higher layers. That is, any additional signalling is likely to be in the L1 specifications and any UE behaviour changes are likely to be restricted to processing of physical layer signals. 
3 Potential RAN2 Impacts

As agreed by RAN1, no new idle mode UE behaviors will be introduced for the small cell on/off. In other words, the small cells that support on/off operation will not be used for idle mode camping. Only UEs that are in RRC_CONNECTED mode can be served by the small cells operating on/off through either handover of the UE to the small cell or carrier aggregation/dual connectivity. 

Observation 1 Small cell on/off is applicable only to RRC_CONNECTED UE.

The small cells operating on/off transmit discovery signals to enable cell identification, time/frequency synchronization and RRM measurements of cells. RAN1 has agreed that the eNB provides assistance information to UEs for performing enhanced discovery procedure. The assistance information includes at least the timing information of the discovery signals, e.g. periodicity and number of subframes within one cycle to measure on the discovery signals. Details of the assistance information and possibly other information required for the enhanced discovery procedure are FFS. Thus it can be expected that the signaling should support providing the assistance information for discovery signal measurements on the small cells operating on/off to the connected UEs.  

Observation 2 The eNB provides assistance information for discovery signal measurements on the small cells operating on/off to the connected UEs.  

RSRP and RSRQ-like measurements based on the discovery signals will be supported. Our understanding is that, for the handover mechanism turning the cell on or off, the handover triggering (the measured RSRP/RSRQ on small cells) should remain the same in case of the discovery signals based measurements. The current measurement procedure with regards to measurement configuration and reporting can be reused.   

Similarly for the CA use case, the RRM measurements on the discovery signals of the small cells can also be used for SCell activation/deactivation. RAN1’s intention to use SCell activation/deactivation is mainly to allow for a fast transition between the on and off states. But it does not preclude that the discovery signals based RRM measurements are used for SCell (de-)configuration.

Proposal 1 Impacts to handover triggering and SCell activation/deactivation due to discovery signals based measurements are not expected.      

The current assumption on the discovery signals in RAN1 is that it should be able to achieve comparable RRM measurement performance to legacy CRS-based measurement. RAN4 will be defining the accuracy requirements for the discovery signals based measurements. Whether there is a need to distinguish between the discovery signals based RRM measurements and the CRS based measurements depends on the details of discovery signals decided for measurements and the associated use cases. 

Proposal 2 RAN1 and/or RAN4 should advise whether there is a need to distinguish between the discovery signals based RRM measurements and the CRS based measurements.
RAN1 is discussing possibility to introduce a new L1 procedure in order to achieve faster on/off on activated SCell based on if DL data transmissions are scheduled. This new L1 procedure may be totally transparent to upper layers and if so, imposes no impacts on higher layer functionalities.  

For the Dual Connectivity procedure being specified by RAN2, discussions on the SI handling are ongoing and whether RLM will be performed on SCG is not decided yet. Therefore, in our view, it is too early to discuss how the dual connectivity and the small cell on/off should be operated together.

Proposal 3 RAN2 should wait for further information from RAN1 before discussing potential impacts on other functionalities, e.g. dual connectivity, RLM and DRX etc.

4 Conclusion
In this document we presented the baseline concept of the small cell on/off and discovery. Based on the current agreements in RAN1, we discussed the potential issues/areas for RAN2 to consider. Since many details, especially regarding the discovery signal, are not agreed by RAN1 at the moment, we believe RAN2 should wait for further information from RAN1 before discussing the actual impacts/changes needed in RAN2 specifications. For the potential RAN2 issues discussed in this document, we have the following observations and proposals:
Observation 1
Small cell on/off is applicable only to RRC_CONNECTED UE.
Observation 2
The eNB provides assistance information for discovery signal measurements on the small cells operating on/off to the connected UEs.
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Proposal 1
Impacts to handover triggering and SCell activation/deactivation due to discovery signals based measurements are not expected.
Proposal 2
RAN1 and/or RAN4 should advise whether there is a need to distinguish between the discovery signals based RRM measurements and the CRS based measurements.
Proposal 3
RAN2 should wait for further information from RAN1 before discussing potential impacts on other functionalities, e.g. dual connectivity, RLM and DRX etc.
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