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1   Introduction
The Small cell enhancements - Physical layer aspects work item tasks RAN1 to specify mechanisms that enable efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells. Specifically, the WID [1] states the following

· “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 our view of the specification work needed to support efficient UE operation with small cell on/off.
2   Discussion

2.1     UE procedures for RRC_IDLE mode
Considering the discussion in the SI phase, we expect no change to UE idle mode procedure due to small cell on/off. This implies that Rel12 UEs will continue to rely on legacy PSS/SSS/CRS based cell detection mechanism for initial cell access.
2.2 UE procedures for RRC_Connected mode
2.2.1 ‘No Carrier Aggregation’ case
For Connected mode, we first consider the non-CA case. Figure 1 shows an example. eNB1 operates a cell (cell1) that is always ON (i.e., it can support idle mode UEs). eNB2 operates a cell (cell2) that supports on/off.  
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Figure 1- Example small cell scenario

For this scenario, two possible options are illustrated in Figure 2.
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Figure 2 – UE procedure options with small cell on/off (non-CA case)

As shown in the figure, from network perspective, Cell 1 (C1) is always on. Cell 2 (C2) transitions from “ON” ( “OFF” ( “ON” states. When Cell 2 is in “ON” state, its transmissions in each subframe should be similar to that of Rel11 (e.g. continuous CRS transmission etc.). This allows Cell 2 to support legacy UEs in “ON” state, albeit with reduced efficiency (e.g. due to longer cell detection time, frequent handovers). When Cell 2 transitions to “OFF” state, its transmission activity is reduced. In “OFF” state Cell 2, should transmit at least a discovery signal with relatively longer periodicity (e.g. once every 150ms). Preferably, Cell 2 should bar idle mode UEs from camping on it to avoid frequent cell reselections. Cell 2’s receiver is expected to be turned on always in both “ON” and “OFF” states.
From a UE perspective, two options are possible. The following steps are common both options, the UE first performs initial access, camps and transitions to RRC_connected state on Cell1. It connects to Cell 2 after receiving a handover command from Cell1. 

With the first option, as long as Cell 2 is in “OFF” state, the UE is not connected to Cell 2. The UE receives a handover command to connect to Cell 1 before Cell 2 transitions to “OFF” state. The UE may be handed over to Cell 2 at a later time, after Cell 2 transitions to “ON” state. In this option, 
With the second option, the UE stays connected to Cell 2 even when it is in “OFF” state. Cell2 configures the UE with DRX before transitioning to “OFF” state. If the UE is already configured with DRX, it may be reconfigured with a new DRX pattern that is aligned with Cell 2’s transmission activity in “OFF” state. 
From a specification perspective, at least the following new UE procedures are required for option 1

1. Detecting a neighbour using the discovery signal of the neighbour cell

2. Performing RRM measurements on neighbour cell using its discovery signal. 

For option 2, in addition to the above procedures, at least the following additional procedures are required

3. Performing RRM measurements on serving cell using its discovery signal. 

4. Performing radio link monitoring using the discovery signal of the serving cell.

5. Performing CRS based channel estimation without the assumption that CRS is present in every downlink/special subframe.
From a performance perspective, option 2 is slightly better than option 1 mainly because it involves less handover signalling. For option 1, the “OFF ( ON transition time” depends on handover signalling delay. For option 2, it depends on DRX cycle length. 
In principle, with option 2, it is possible for Cell 2 to be in the “OFF state” even without configuring the UE to be in DRX mode. However, this is undesirable as a) the UE is unnecessarily made to expend its battery while the cell is not transmitting and b) this can lead to spurious transmissions by the UE due to false detection of PDCCH/EPDCCH. 
Also, for option2, PDCCH and PDSCH reception (for some transmission modes) is expected to be worse than Rel11 due to degradation in CRS channel estimation. However, as shown by the simulation results in [2], PDCCH performance is still expected to be better than distributed EPDCCH for the same amount of control signalling resources. 
2.2.2 ‘With carrier aggregation’ case

In this section we consider the CA case. In order to reuse the example in Figure 1, eNB2 is replaced with an RRH and Cell1 is the Pcell for UE1 and Cell2 (operated via the RRH) is configured as an Scell for the UE. 

Figure 3 illustrates UE procedure in presence of small cell on/off for the CA case where the Scell supports on/off. 
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Figure 2 – UE procedure with small cell on/off (CA case)

From a specification perspective, at least the following UE procedure is required for the CA-case

1. Performing RRM measurements on Scell cell using its discovery signal. 

Finally, we also note that Rel12 UEs should be able to utilise the discovery signal for maintaining AGC and time-frequency sync.
3   Conclusions

In this document we discussed UE procedures in presence of small cell on/off for non-CA and CA cases. We observe the following

From a specification perspective

 For the non-CA case, at least the following new UE procedures are required 

1. Detecting a neighbour using the discovery signal of the neighbour cell

2. Performing RRM measurements on neighbour cell using its discovery signal. 

For the CA case, at least the following new UE procedure is required

1. Performing RRM measurements on Scell cell using its discovery signal. 

Additionally, if the UE is expected to stay connected to a cell in both “OFF” and cell “ON” states (refer to option 2 in Figure 2 for details), at least the following additional procedures are required

1. Performing RRM measurements and RLM using discovery signal of serving Pcell.
2. Performing CRS based channel estimation without the assumption that CRS is present in every downlink/special subframe.
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