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1. Introduction
In the RAN1 #76 meeting, some open issues of small cell on/off and discovery to reduce the transition time that we should study further were listed in [1]. In this contribution, we summarize our preferences/views on these issues of small cell on/off and discovery. More details about enhanced procedures of small cell on/off are given in our companion contribution [2].
2. Open issues of small cell on/off and discovery

· How to support DRS-based RSRQ-like measurements?
DRS-based measurement is proved to be essential to reduce transition time during small cell on/off switching.  
So it is agreed in RAN1 76# that:
· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported

· For RRM measurements, support DRS-based RSRQ-like measurements
· Details are FFS
The current legacy CRS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth. It can be seen from the definition, RSRP is only the power on the CRS signal from the different cells. So it can be measured on DRS too. Naturally, the definition of CRS-RSRP can be extend to DRS-RSRP, which is defined as the linear average over the power contributions (in [W]) of the resource elements that carry discovery reference signals within the considered measurement frequency bandwidth.

However, there can be issues with RSSI measurements (depending on what signals that will be defined for DRS). Example: (legacy) CSI-RS based DRS: 

Assumptions (small cell scenario 2A, inter-frequency measurement)

· Small cells are synchronized within +-3us (in one cluster) 

· The DRS is transmitted every N ms (e.g N = 80ms)

· Each cell uses 1 configuration, 2 RE's/RB (mapped on two consecutive OFDM symbols)

· Assume that we have a large number of small cells in the cluster, which means that CSI-RS is transmitted on all (or almost all) subcarriers on the two consecutive OFDM symbols that are used for CSI-RS. 

· If RSSI is measured on those OFDM symbols then it will not reflect the RSSI on the other symbols and subframes that carries PDSCH. There will be a large bias, as the small cells can be either OFF or ON. This will lead to a bad RSRQ measurement. In fact, RSSI will remain unchanged even if cells change state from OFF->ON or ON-> OFF. As we only measures the DRS which is always present in those symbols.

· In this case (CSI-RS based DRS) RSSI would need to be measured on OFDM symbols that do not contain any DRS.


In general one can say that if the DRS will occupy a large number of resources (the exact definition of "large number" is FFS) within the OFDM symbols that the measurement is based on then it will result in a biased RSSI measurement. If only a few resources are used the bias can be very small (within fraction of dB) then RSSI can be measured on those OFDM symbols. 
Observation: The RSRQ-like DRS based measurement will depend on the DRS signal design and need to be studied at the same time as the DRS design is discussed.
· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2).
The RAN2 impact to use the DRS-based measurements comprise new signalling of network assistance information, new measurement report, possible new gap pattern, S-Measure and QuantityConfig [3].
The network assistance information may include timing information and DRS pattern configuration information. New signalling might be needed for this network assistance information.

For the measurement report, it’s quite straightforward that Rel-12 UE should be informed explicitly this is a different measurement request. In details, for event triggered measurement reporting, current six measurement reporting events are all designed for mobility, while the RRM measurement using DRS aims to a different purpose, e.g., cell detection or a different RRM measurement with different requirement. It should be determined by RAN2 whether a new measurement reporting event is required. And for periodical measurement report, a new purpose might be needed. 
The third issue falls into RAN2 scope is whether a new gap pattern is required. The gap pattern includes the duration of measurement gap and measurement gap cycle. The former relies on which signals among PSS/SSS/CRS/CSI-RS are combined together as DRS when small cell is OFF. And the measurement gap cycle is determined by the RRM measurement performance requirement. Please note that we believe 6ms measurement gap would be enough for DRS measurement considering it’s long enough to cover all possible DRS patterns. 

Besides these, there are miscellaneous factors for RAN2 to decide, for example, S-measure and filterCoefficientRSRQ in QuantityConfig. The current S-Measure is used for mobility purpose, while cell detection of “OFF” small cell is more like a loading balance and interference mitigation purpose. Therefore we are not sure yet whether S-Measure should be disabled or modified for DRS based measurement. As to filterCoefficientRSRQ, it’s an issue of how to perform the layer 3 filtering on DRS based measurement.
Observation: The RAN2 impact to use the DRS-based measurements includes:

· New signalling of network assistance information;
· New measurement report configuration, S-Measure and filterCoefficientRSRQ in QuantityConfig;
· Possible new gap pattern.
· Specify UE monitoring behaviour 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?
It is agreed that cells operating 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. We believe that discovery signal should be transmitted whether a small cell is in on-state or off-state. Thus UE can detect and measure small cells using DRS, for the purpose of discovering nearby small cells quickly, turning on necessary dormant small cells in the network, and choosing the most proper cell as soon as possible. 
When a small cell is in off-state, DRS is assumed to be transmitted while CRS might not exist, thus UE measurements should be based on DRS. When a small cell is in on-state, CRS is usually transmitted and occupy more resources than DRS, hence UE RRM measurement should be based on CRS in general. However, CRS might not fulfil the detection and measurement requirement in dense deployed scenario, thus DRS-based measurement should also be performed for reliably detecting and measuring more cells. In this way, the consistency of DRS-based measurement when small cell is in on-state and off-state can also be kept.
· Whether (and how) cell On/Off states explicitly informed to UE?
In our view, on/off states of small cells should be explicitly informed to UEs. There are several reasons. 
Firstly, discovery signal can be composed of different signals when a small cell is in on-state and in off-state. Even if the same signals are transmitted in on-state and off-state, the period, the time/frequency resource and the subframe pattern used for transmitting these signals can be different when the cell is in on-state and in off-state. If the on/off state is provided to UEs, UE can detect and measure the correct signal. Otherwise, if the on/off state is not explicitly informed to UEs, UEs have to blindly detect the discovery signal, which might be changed when small cell is operating on/off. There will be latency if the variation of the discovery signal is unknown to UEs. Further, missed and false detection might happen too.
Secondly, a small cell operating on/off can be configured as Scell for a UE. In one way the small cell on/off procedure could be realized by Scell activation/deactivation, i.e. a small cell which is turned on is also in activation state, while a small cell which is turned off is also in deactivation state. In the other way, the Scell could maintain activated during on/off switching, and no activation/deactivation is necessary when the small cell is operating on/off. Similarly a small cell operating on/off can be configured as SeNB for a UE. In one way the small cell on/off procedure could be realized by SeNB add/release, i.e. a small cell which is turned on is also in added state, while a small cell which is turned off is also in release state. In the other way, the SeNB could maintain added during on/off switching, and no add/release is necessary when the small cell is operating on/off. Obviously, it is not appropriate to inform UEs the on/off information implicitly by the activation/deactivation state of Scell in carrier aggregation scenario, or add/delete state of SeNB in dual connectivity scenario. Because with this method, more constraint and specification work will be needed to avoid the confusion at UE side. So we believe that the on/off state of the small cell is needed for UE to recognize the exact state of small cells work as Scell or SeNB.

At last, sudden interference jump may happen during the on/off switching. If the on/off states switch and the exact timing can be informed to UE, UE can perform interference cancellation to mitigate the impact. 
There are several ways to inform UE small cell on/off states: DCI signaling, MAC CE, or RRC signaling. As a small cell operating on/off can work with different time scales and based on different mechanisms, accordingly, different signalling methods should be used. For instance, DCI is the quickest signalling method thus it can reduce much transition time and can be used for small cell on/off with very demanding transition time. While RRC signalling may cause a large latency, it can support small cell operating on/off with relaxed time requirement.
Proposal: Small cell On/Off states should be explicitly informed to UE.
· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery?
In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted. Firstly, UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization. Besides, possible candidates which UE can assume to be transmitted with PSS include SSS, CRS, CSI-RS, and PRS. From our point of view, SSS should be included besides PSS as part of the small cell discovery signal. Then UEs can detect and report the PCI of the strongest detected cell during the enhanced small cell discovery procedure. By identifying and reporting the PCI of the strongest cell, DRS resources for discovery purpose can be reused among small cell clusters, thus the number of distinguishable small cells can be significantly increased for a limited number of available DRS resources for the small cell discovery. More details can be found in our companion contribution [4].
In addition, for periodically transmitted discovery bursts with long period, the rough relative time difference between the serving cell and ON/OFF cells needs to be provided to UEs performing small cell discovery. A DRS indicator (DRS-I) in the discovery burst can enable an assisting cell to autonomously obtain rough relative time difference information. Thus we propose that: A DRS indicator (DRS-I) is part of the discovery burst. It is transmitted on the unused REs next to the PSS/SSS of the discovery burst. A UE can be configured to detect the DRS indicator (DRS-I) before proceeding to perform DRS-based RRM measurements and reporting. More details can be found in our companion contribution [5].
At last, CSI-RS should also be transmitted for RRM measurement and cell detection.
Proposal: Other signal(s) transmitted in addition to PSS include SSS, DRS-I and CSI-RS (for RRM measurement and cell detection).
· Details of network assistance/information provided to UEs for performing enhanced cell discovery.
To efficiently discover small cells in the network, network assistance/information should be provided to UEs. Network assistance/information might include on/off states, on/off timing, DRS pattern, DRS transition power.
When a small cell is in on-state and in off-state, discovery signal can be different in period, subframe pattern, and transmission power, and even constitute signals. So on/off state and the exact on/off timing are necessary for UEs to detect the right signal. Moreover, the transmission pattern or measurement pattern is also very important for UEs to detect and measure the small cell quickly. More details can be found in our companion contribution [2].
3. Conclusions

In this contribution, we have discussed several open issues of small cell on/off in detail. The observations and proposals are summarized as follows:
· The RSRQ-like DRS based measurement will depend on the DRS signal design and need to be studied at the same time as the DRS design is discussed.
· The RAN2 impact to use the DRS-based measurements comprise new signalling of network assistance information, new measurement event and measurement report and possible new gap pattern.

· Small cell On/Off states should be explicitly informed to UE.
· Other signal(s) transmitted in addition to PSS include SSS, DRS-I and CSI-RS (for RRM measurement and cell detection).
· Network assistance information provided to UEs includes: on/off states, on/off timing, DRS pattern, DRS transition power.
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