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

Opportunistic activation and deactivation of small cells was discussed during RAN 1 #76 [1] and RAN 1 #76bis [2] and agreed that small cell enhancements apply only for RRC_CONNECTED UEs and that RRM measurements would be defined for the newly defined discovery reference signal (DRS). It has also been agreed that cell on or off state is indicated to the UE by a new L1 procedure through one of the following methods:
· DCI message

· Reference signal

· Active time within the DRX procedure

· Enhanced CA activation/deactivation command
In this contribution we are going to discuss the details of the DCI message based L1 procedure for small cell on/off and compare it to the other methods proposed during RAN 1 #76bis. The main focus is on the carrier aggregation mode, but we also discuss the impact on dual connectivity scenario and stand-alone mode.
2.1
Carrier aggregation - Scell on/off procedure 
It has been decided at RAN 1 #76 that no new idle mode UE behaviour will be defined under small cell enhancement work item in Rel-12. To ensure backward compatibility fast cell on/off is adaptively enabled only if there are no legacy UEs in RRC_CONNECTED mode 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 DCI 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 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 could also impacts transmission of CSI-RS, as the eNBs in cell “off” state may not be transmitted CSI-RS as well. In order to perform accurate channel measurements it is necessary that UE discards the reference signal measurements when the cell was in “off” state and the signal was not transmitted. 

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 signalled to a group of 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 [3] 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, or transmission block. The Scell state indication is transmitted periodically, and we refer to the interval between two indications as the signalling interval, T.  Signalling 4 ms prior to the beginning of the transmission block allows 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 assuming signaling interval, T=10 ms.
Note that state indication does not need to be limited to just “on” or “off” states, but it can indicate a pattern on subframes that are potentially active. For example, DCI format 1C can indicate which subframes in a transmission block are active and which one are not. This procedure allows for battery savings are at the UE and possibly enable eNB to activate subframes that are utilized for RRM and CSI feedback measurements.  The approach is illustrated in Figure 3. This approach would allow eNB to ensure availability of CSI-RS at each configured subframe. However, if CSI-RS is not transmitted due to Scell being on an “off” state, our proposal is that UE still reports periodic CSI feedback in the configured uplink resources utilizing latest subframe where CSI-RS was transmitted.
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Figure 3: Illustration of Scell active subframe pattern indication assuming signaling interval, T=10 ms.
Proposal 1: For CA scenario, Scell state indication is signalled on Pcell using DCI format 1C.
Proposal 2: Scell state indication is signalled at subframe n-4 is valid for subframe n and all other subsequent subframes belonging to the same transmission block.
Proposal 3: UE reports periodic CSI feedback on configured uplink resources utilizing latest transmitted CSI-RS.
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 4: Lack of reception of DCI formant 1C with Scell state indication is interpreted as corresponding Scell being in “off” state.
The new L1 signalling procedure described above can easily be incorporated into legacy procedure for activation and deactivation of Scells. A possible option is that Rel-10 MAC control signal can still be used to indicate fully activated Scells. New L1 signalling can be transmitted for “deactivated” Scells to indicate a pattern or active and inactive subframes within a transmission block. 
2.1.2 Comparisons to other methods

In addition to DCI based method, 3 other methods were proposed to indicate cell “on” or “off” state. In this section we will discuss potential advantages and disadvantages if these three methods. Given the trade-off listed below, our preference is to utilize DCI message to indicate cell on/off transition. 

2.1.2.1 Reference signal based L1 procedure

There could be a number of variants of this method. On a high level, this method is similar to the DCI based method described above with the following difference: 

· Reference signal is used instead of DCI message to convey transition from the cell off to cell on state

· Reference signal is transmitted on Scell to indicate the transition from cell off to cell off state, while in case of DCI message based method described above, the signalling is transmitted on Pcell. 

The advantage of the reference signal based method would be that it is typically faster procedure for cell on/off  indication as it typically take less time to detect reference signal presence at the UE, than to decode DCI message. However, the difference is not large as the potential delay advantage is not more than a couple of milliseconds.

The disadvantages of reference signal method compared to DCI message based method is that the overhead of the reference signal can become relatively large if the data is not transmitted together with the reference signal that indicates the transmission from cell “off” state to cell “on” state.  In addition, if the transition to “on” state is possible at any subframe, UE battery power consumption would be impacted as the UE would be required to constantly monitor Scell cell in “off” state.

2.1.2.2 Active time within the DRX procedure
During RAN1 #76bis it has been argued that this is not a new procedure and it is only necessary to put a requirement that UE cannot assume any transmission from the serving eNB during inactive time of the DRX procedure. There are a number of questions that need to be addressed before this procedure can be considered for cell on/off procedure. 

DRX procedure as defined in Rel-8 is UE specific and active time is typically different and resulting active time is determined by the DL and UL grant reception at the UE. In case of cell on/off procedure, active time for all UEs connected to the cell would be determined by the state of the cell, and hence must be the same for all UEs. It is not clear how to active this in practice given that as we mentioned above, UE active state is determined by individual grants. In addition, it is not clear how this procedure relates to current DRX procedure as defined for CA, where DRX state is determined by Pcell.
2.1.2.3 Enhanced CA activation/deactivation command
This procedure is similar to Rel-10 Scell activation/deactivation command, with the difference that the message would be broadcast. The main disadvantage of this method is that it offers the largest cell on/off transitioning delay, up to 24 ms to indicate transition from cell “off” to cell “on” and 8 ms to signal cell “on” to cell “off” transition.
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 [4], 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 5: 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 [5], Pcell on/off is much slower and new downlink discovery signal is not needed. Our proposal is 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 4.
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Figure 4: 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 6: 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: Scell state indication is signalled at subframe n-4 is valid for subframe n and all other subsequent subframes belonging to the same transmission block.

Proposal 3: UE reports periodic CSI feedback on configured uplink resources utilizing latest transmitted CSI-RS.
Proposal 4: Lack of reception of DCI formant 1C with Scell state indication is interpreted as corresponding Scell being in off state.
Proposal 5: For dual connectivity scenario, RRC signaling is utilized to indicate the state of Pcell_SCG.

Proposal 6: 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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