3GPP TSG RAN WG2 Meeting #86
R2-142688
Seoul, Republic of Korea 19-23 May 2014
Agenda Item:
7.2
Source: 
Samsung
Title:  
Scenarios and Cell States for Small Cell On/Off and Discovery
Document for:
Discussion and decision

1 Introduction

One of the objectives of the small cell enhancements WI recently approved in the RAN plenary [1] is to introduce discovery procedure/signals for efficient operation with reduced transition time of small cell on/off:

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 addition, in RAN2#75 a LS from RAN1 [2] listed open issues for small cell on/off and discovery:

· Followings are open issues of small cell on/off and discovery to reduce the transition time

· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS
In this contribution, we discuss discovery procedure/signals for different scenarios. 
2 Discussion

It was concluded in [3] that introducing a discovery reference signal (DRS) is beneficial to provide cell detection and RRM measurement capability for cells that are off as well as to provide enhanced cell detection and RRM measurement capability for densely deployed small cells, which is better than the legacy signals.

In this section, we provide an overview of possible small cell on/off procedures assuming DRS is transmitted from the small cells and incorporated into the procedures associated with handover, carrier aggregation, and dual connectivity. 

2.1 Use case for DRS detection and measurement

In the context of small cell on/off [1], small cells may be turned on/off semi-statically. The criteria used for semi-static on/off may be the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. With legacy procedures, the feasible time scales of semi-static on/off schemes are generally in the order of seconds to hundreds of millisecond level; and with possible enhancements, the transitions may reduce to tens of milliseconds if all UEs connected to the cell are at least of Rel. 12. 
One of the key facilitators for more efficient on/off operation is the ability for the network to obtain measurements of the cells which are currently off in order to determine whether nearby UEs may benefit from associating with the cells if they are turned on. As a result, a cell which is off may periodically transmit the DRS in order for UEs to provide measurement reports to the network. 
Observation 1: To support semi-static on/off transitions, cells in an off state may periodically transmit DRS.
Apart from supporting efficient small cell on/off, observations from simulation results by companies generally show the need to consider enhancement to small cell discovery in densely deployed small cell scenarios (which are all turned on).

Specifically, the TR [3] concluded that: 

· As a conclusion, enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement.

· If new discovery mechanism is defined for small cell on/off, it may be used for other purposes without further optimization.
However, even considering only small cell on/off, there is a strong motivation to transmit the DRS even when the cell is on. The DRS coverage may be significantly better than that for PSS/SSS and this mismatch of DRS and PSS/SSS coverage can result in cell detection discontinuity. From Figure 1, it can be seen that if a cell does not transmit DS when it is on, a rather strange situation can occur where the cell is only detectable by UE1 when the cell is off using DS, but is not detectable when it is on using PSS/SSS. If the network decides to associate the cell to UE1 based on the DRS measurement report by turning on the cell without discovery signal, UE1 will lose sight of the cell since PSS/SSS cannot be detected.  To avoid this strange situation, the presence of DS regardless of the on/off state of a cell is needed to ensure cell detection continuity for a UE when a cell transits from off to on and vice versa.
           
[image: image1]
Figure 1: Issue of cell detection discontinuity if DRS is not transmitted when cell is ON.
Therefore, one can conclude that a cell that is on should be able to transmit DRS and it should be possible to configure DRS detection and RRM measurement procedure to the UE for a cell that is on. Since DRS RRM measurement will need to be supported by the UE, it is unnecessary to preclude DRS based RSRP/RSRQ reporting by the UE when the cell is in an on state. On the contrary, there is benefit as DRS based RSRP/RSRQ reports can be used by the network to enable efficient ICIC and CoMP operations, which cannot be done with the coverage limited PSS/SSS.
Observation 2: In addition to cells in a dormant state, a cell that is on should also be able to transmit DRS.
Observation 3: DRS detection and RRM measurement procedure can be configured to the UE for a cell that is in an on or dormant state.
2.2 Supported cell states
Considering the use cases discussed in the previous section, it is useful to define the possible states of a cell corresponding to different combinations of downlink signal transmissions. In our view the following four states can be considered: 
A. ON: Cell is on; transmitting legacy signals and channels (e.g. PSS/SSS, CRS, PBCH, etc.)

B. ON+DRS: Cell is on; transmitting legacy signals and channels and also transmitting the DRS

C. OFF: Cell is off completely with no transmissions (i.e. pre-Rel-12 on/off mechanism)

D. Dormant: Cell is only transmitting DRS periodically. No other signal is transmitted.
States A) and C) can be regarded as the existing legacy on/off states. States B) and D) are new states introduced in Rel-12 utilizing the DRS to be defined in RAN1. It should also be noted that cell on/off is already supported by the current specification, i.e. cell activation procedure as given in [4]. The cell activation procedure is just defined by X2 signaling without any enhanced measurement supports so it operates on a long term basis. Therefore the current cell activation procedure can be used only for energy saving purposes.
However, by reducing the transition time of small cell on/off, we can additionally achieve cell throughput enhancement as well as energy saving. An effective way to reduce the transition time is to introduce the DRS and associated measurements of on and off cells.
In the following sections the use of DRS-based measurements and transitions between the different states are considered as part of cell discovery, handover, Scell activation/deactivation, and dual connectivity procedures. For the sake of convenience both the legacy ON state and the newly introduced ON+DRS state will be referred to as a cell being “on” unless a specific need for differentiating between the two is given.
2.3 Handover 
Handover procedure is one option available to the network for operating small cell on/off. UEs can be handed over to, or from, a cell that is just turned on, or about to be turned off/dormant, respectively. The DRS makes it possible that a UE which is close to a cell in dormant state can perform the measurement reporting of the dormant cell. By having the measurement reporting of dormant cells, the network can perform the handover procedure of the UE to the dormant cell. Prior to the handover procedure, cell activation procedure could be triggered for dormant-to-on transition of the target cell.

Figure 2 shows the possible handover scenarios with small cell on/off. Figure 2-(a) is the inter-frequency handover from a macro eNB to a small cell eNB where the small cell eNB changes its status from dormant to on. Figure 2-(b) is the intra-frequency handover between small cell eNBs, where the target cell changes its status from dormant to on and possibly the source cell changes from on to dormant. 
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(a) Inter-frequency handover



(b) Intra-frequency handover

Figure 2: handover based small cell on-off scenario
Minimal change to the existing handover procedure is needed to support cell on/off, the main change is introduction of DRS-based measurements. Small cell on/off using handover is illustrated in Figure 3. 
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Figure 3: Small cell on/off with handover procedure
Observation 4: Handover-based small cell on/off is applicable for mobility, load balancing and load aggregation.
Observation 5: DRS-based measurements can be used for cell detection and RRM measurement for dormant cells.
2.4 CA activation/deactivation
Unlike the handover scenario, small cell on/off based on CA activation/deactivation needs a PCell which is always on. Figure 4(a) is showing the CA operation inside a small cell and Figure 4(b) is showing the CA operation between macro cell and small cell which are connected with ideal backhaul. A CA-capable UE may have multiple SCells configured for the UE and the serving cell can activate or deactivate SCells if required. Network implementation can implicitly link cell on/off transition with SCell activation/deactivation. If a SCell is deactivated for a UE and it does not serve any other UEs, then this SCell can be dormant. If a dormant SCell is activated for a UE, then it should enter an on state. 
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 (a) Intra-eNB CA (PCell is a small cell)
                          (b) Inter-eNB CA with ideal backhaul (PCell is macro cell)
Figure 4: Carrier aggregation (CA) based small cell on-off scenario
The same as for handover, RRM measurement based on the DRS needs to be supported, which could be used for triggering addition/release of SCells for carrier aggregation. Small cell on/off using SCell activation/deactivation procedure is illustrated in Figure 5. 
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Figure 5: Small cell on/off with SCell activation and deactivation procedure

Observation 6: CA activation/deactivation can be used to reduce the transition time of small cell on/off.
Observation 7: DRS-based measurements can be used for cell detection and RRM measurement for SCells. 
Observation 8: For CA activation/deactivation procedure, an SCell can be configured if the cell is either in ON, ON+DRS, or Dormant state. An Scell can only be activated for a UE when the cell is in ON or ON+DRS state.
2.5 Dual connectivity

Another procedure in which to operate small cell on/off is dual connectivity. Figure 6 illustrates the dual connectivity scenario where the MeNB and SeNB that are connected via non-ideal backhaul. 
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Figure 6: Dual connectivity (DC) based small cell on-off scenario
Dual connectivity based on/off can also include DRS transmission at least for cell detection and RRM measurement for SeNBs. However, the procedure is a bit different from the CA activation/deactivation. In dual connectivity, there is a primary SCell (PSCell) in the SeNB and it cannot be treated as the normal SCell e.g. it can be configured with PUCCH and it cannot be deactivated. Therefore, CA-like activation/deactivation may not work for small cell on/off in this scenario as it is. One simple option is to link the on/off mechanism with the SeNB addition/release. However, SeNB addition/release is an RRC procedure which is not as fast as the CA activation/deactivation. Other solutions are also possible based on MAC or L1 procedure with some modifications which can be discussed depending on the progress in RAN1 concerning the support of any new L1-based procedures for operating small cell on/off.

Observation 9: Transition time based on RRC procedure may be significantly higher for the dual connectivity scenario compared to the Rel-10 CA scenario mainly due to the difference in backhaul delay.
Observation 10: DRS-based measurements can be used for cell detection and RRM measurement for SeNBs.
Observation 11: SeNB addition/removal and L1 on/off procedure should be further studied for operating small cell on/off with dual connectivity.
3 Conclusions

The following observations are made in this contribution:

Based on the observations made in the contribution the following proposal is made:
Proposal: DRS measurements are applicable for mobility, CA, DC scenarios and in generally improving cell detection performance. For DRS-related procedures RAN2 shall consider a cell to be in one of the following 4 situations (“states”):

ON: Cell is on; transmitting legacy signals and channels (e.g. PSS/SSS, CRS, PBCH, etc.)

ON+DRS: Cell is on; transmitting legacy signals and channels and also transmitting the DRS

OFF: Cell is off completely with no transmissions (i.e. pre-Rel-12 on/off mechanism)

Dormant: Cell is only transmitting DRS periodically. No other signal is transmitted.
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