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1
Introduction
In this contribution, we consider hyper dense small cell deployments and discuss details of small cell on/off operation. 
2
Opportunistic small cell activation

Opportunistic activation and deactivation of small cells has been identified as one of the candidate technique [1] for hyper dense deployments of small cells. We have shown in [2], that for small cells scenario 1, and for a typical 50% loading of the network, 40% or larger gain on the cell edge and median can be achieved with opportunistic small cell on/off feature. The time scale we assumed from the results presented in [2] according to simulations assumptions from [4] was instantaneous activation and deactivation of small cells. If there is data in its buffers, small cell eNB, transmits data together with the CRS. If there is no data in the buffers, CRS is not transmitted. Effectively, cell on/off feature is implemented on a subframe level. 
In our view, Rel-12 UE needs to be able to cope with fast cell on/off procedure in order to allow for maximum performance gain of system throughput. However, it would be up to eNB implementation whether cell on/off is implemented on a slower time scale. Implementation of small cell on/off could have impact on backward compatibility. Fast cell on/off would impact legacy UEs as they are not prepared for instantaneous turning on and off of the eNB transmitter. In the presence of legacy UEs, reasonable eNB implementation would not quickly turn the cell on and off, but would rather implement slower cell on/off procedure. 
We have described opportunistic cell activation in [2]

 REF _Ref378684049 \r \h 
[3] and in this contribution, signalling details for the fast cell on/off operation introduced in [2]

 REF _Ref378684049 \r \h 
[3] are provided. We differentiate 3 scenarios: carrier aggregation, dual connectivity and stand alone mode.  
2.1
Carrier aggregation - Scell on/off procedure 
While significant performance gain can be achieved with subframe level cell on/off in Scenario 1, this mode of operation might potentially create backward compatibility issues, since legacy UEs assume continuous CRS transmission. One can however, easily achieve backward compatibility, if the fast cell on/off is adaptively enabled only if there are no legacy UEs in the vicinity of a cell that performs fast cell on/off procedure. 

The presence of RRC_IDLE legacy UEs could not be detected by a cell. However, RRC_IDLE UEs (both legacy and Rel-12) should be directed to the macro layer for efficient operation, in which case the presence of RRC_IDLE legacy UEs on the small cell layer is not a concern. Therefore, fast cell on/off procedure can be implemented on small cells configured as Scells.  In the Sections below we describe our proposal for fast small cell on/off procedure.
2.1.1 Signalling of Scell state
In order to enable fast cell on/off procedure, UE needs to be able to cope with discontinuous transmission of reference signals, such as CRS and CSI-RS. The main issue with discontinuous transmission of CRS is that it impacts RRM measurements. UE may be performing RRM measurements during cell “off” state and it if no robust signalling procedure is defined, UE measurements may be subject to significant measurement errors since it may be difficult for the UE to differentiate faded channel from cell “off” state. While it is certainly possible to improve measurement accuracy by UE implementation, there will be impact on implementation complexity and power consumption of the UE. Cell on/off feature also impacts transmission of CSI-RS, as the eNBs in cell “off” state would not be transmitted CSI-RS as well. DTXing CSI-RS impacts channel measurements for the purposes of CSI feedback. In order to perform accurate channel measurements it is necessary that UE discards the channel measurements when the cell was in “off” state. 

There are three basic approaches to address the above issues:

· The baseline approach is to signal the cell “on” or “off” state to the UE. This approach is most robust, but it might incur signalling delay. 
· The second approach is to restrict the measurements to when cell is “on” state and UE autonomously determines the cell’s state. 
· The third approach is that UE restricts measurements to a single subframe or certain subframes and based on the timing of the report, eNB determines whether the measurement was performed during cell “on” or cell “off” state. In order to better explain this procedure, consider the case where UE reports CSI feedback at subframe n. The CSI reference subframe is then subframe n-4. If the cell was in “off” state at subframe n-4, eNB can ignore CSI feedback transmitted by UE at subframe n, otherwise, if cell was was in “on” state, CSI feedback is valid. In case of RRM measurements, UE would have to perform measurements on RS tones transmitted as part of the discovery signal as the eNB is transmitting the RS even when in cell “off” state. 
To enable fast cell on/off procedure and at the same time ensure robust measurement procedure, our proposal is to introduce fast signalling from Pcell that would indicate Scell state. The indication would be periodically signal to all UEs in a broadcast fashion. One option is to utilize DCI format 1C to signal Scell state indication. For the measurement purposes, UE would then ignore subframes when the Scell in “off” state. In our view, the performance benefits of the fast cell on/off procedure are preserved if Scell state indication is transmitted once every frame, or once every 10 ms.    

The signalling procedure is similar to eIMTA TDD configuration procedure [6] and it is illustrated in Figure 1. Assuming frame alignment between Pcell and Scell, Scell state is indicated on DCI format 1C on Pcell 4 ms before the beginning of the new frame. Signalling 4 ms prior to the beginning of a new frame would allow the UE enough time to process the signalling and be ready for measurements on Scell.
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Figure 1: Illustration of Scell state indication signaling.
Proposal 1: For CA scenario, Scell state indication is signalled on Pcell using DCI format 1C.
Proposal 2: Signalled Scell state indication at subframe n-4 is valid for subframe n and all other subsequent subframes belonging to the same frame.

To handle error scenarios, it is necessary to define UE behaviour if DCI formant 1 C is not received. Assuming that reliability of Pcell will be relatively high, this error scenario is unlikely to have significant impact on system performance. Nevertheless, UE behaviour for this error case should be defined. Our view is that measurements on subframes when the Scell was in “off” state have larger impact on the system performance then not utilizing subframes for measurements when Scell was in “on” state. For that reason our proposal is that lack of reception of DCI formant 1C is interpreted as Scell is being in “off” state, at least for the measurements point of view. 
Proposal 3: Lack of reception of DCI formant 1C with Scell state indication is interpreted as corresponding Scell being in “off” state.

2.2
Dual connectivity - Scell on/off procedure 

The signaling procedure described above, for the most part, can apply for the dual connectivity scenario as well. Pcell on the Master eNB (MeNB) can be used to indicate the state of the Scells associated with the MeNB. Using the same terminology adopted in RAN 2 [5], we referred to the cells associated with MeNB as primary Cell group (PCG). The cells associated with Secondary eNB (SeNB) are referred to as Secondary Cell Group (SCG). One cell within SCG carriers PUCCH and we refer to that cell as Pcell_SCG (primary cell for secondary eNB). That cell can be used to indicate the state of the Scells associated with SeNB. The issue that needs to be addressed however, is how to indicate the state of PCell_SCG. Due to the delays on the non-ideal backhaul, the synchronous signaling procedure described above does not significantly improve the overall signaling delay. Moreover, if the non-ideal backhaul delays are variable, the signaling would have to account for the worst case delay as the SeNB state needs to be in sync with the indication sent from the Pcell. From that reason, we propose to utilize RRC signaling to indicate the state of the Pcell_SCG. To reduce the signaling burden, it is desirable that the UE stores the configuration parameters of the PCell_SCG so that RRC message only carries the indication of the state and not entre set of Pcell_SCG configuration parameters.

Proposal 4: For dual connectivity scenario, RRC signaling is utilized to indicate the state of Pcell_SCG.

2.3 
Cell on/off for Pcell  
Fast cell on/off feature is not well suited for carrier frequencies where RRC_IDLE UEs are camping (such as Pcell), as it can lead to frequent reselection procedure. Very frequent reselection would lead to higher probability of missed paging messages. For that reason, fast cell on/off would be a feature on a separate carrier frequency (so-called capacity layer), where RRC_IDLE UEs are not present. 

Typical access procedure during RRC_IDLE to RRC_CONNECTED transition would then consists of UE accessing a coverage layer, and then based on the capacity needs, being either redirected to a coverage layer (for non-CA capable UEs) or Scell on a coverage layer being configured with RRC Reconfiguration Message (for CA capable UEs). There is no practical load balancing issue, as RRC_IDLE mode UEs do not need to be spread across carrier frequencies. Typically, there is enough paging capacity on a single frequency layer.    

Pcells however, can still be dynamically turned on and off, but the time scale needs to be much slower in order to keep the impact on the RRC_CONECTED and RRC_IDLE UE to a minimum. Before a cell can be dynamically turn on and off, it is necessary to detect presence of a UE. Unlike, Scell fast on/off mechanism that relies on the downlink discovery signals [7], Pcell on/off is much slower and new downlink discovery signal is not needed. We had proposed in [2] to utilize UL signals so that a dormant eNB can detect presence of nearby UEs and be turned on if needed
. 
In our view, the primary mechanism we should focus on is PRACH based method due to the robustness to timing offsets on uplink. PRACH transmission on UL can be triggered by PDCCH order for Rel-8 UEs. However, PDCCH order also implies entire random access procedure and in our view we should optimize the procedure for Rel-12 UEs. Obvious potential improvement to the random access procedure is that UE does not necessarily execute entire random access procedure, but simply transmit a single (or more if configured) PRACH signature sequence upon receiving PDCCH order. The call flow for the enhanced PRACH procedure is illustrated in Figure 2.
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Figure 2: PRACH based detection of UEs for dormant cells.

Alternative approach would be to consider sounding reference signal (SRS) instead of PRACH. In case of SRS based method, air interface changes are not necessary as aperiodic trigger for SRS is already supported. However, due to UL timing offsets between the serving and a dormant cell and a shorter cyclic prefix of the SRS compared to PRACH signal, SRS based method is more complex to implement at the eNB. 
Proposal 5: Optimize PRACH based method to detect presence of UEs by eNBs in off state on Pcell (macro) layer. Alternatively, rely on SRS.
3
Conclusions 
In this contribution, we discussed the mechanisms for efficient small cell on/off operation. We propose the following: 
Proposal 1: For CA scenario, Scell state indication is signalled on Pcell using DCI format 1C.

Proposal 2: Signalled Scell state indication at subframe n-4 is valid for subframe n and all other subsequent subframes belonging to the same frame.

Proposal 3: Lack of reception of DCI formant 1C with Scell state indication is interpreted as corresponding Scell being in off state.
Proposal 4: For dual connectivity scenario, RRC signaling is utilized to indicate the state of Pcell_SCG.

Proposal 5: Optimize PRACH based method to detect presence of UEs by eNBs in off state on Pcell (macro) layer. Alternatively, rely on SRS.
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� Note that an Scell can be activated to start transmitting downlink discovery signal as proposed in � REF _Ref378773414 \r \h ��[6]� after presence of the UEs is detected based on the UL signals.
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