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1 Introduction
In RAN plenary meeting #62, the agreed WID [1] for Small cell enhancement – Physical layer aspects reads:

· 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.
During the discussion at RAN1 #76bis the standardization impact of supporting on/off based on HO based techniques was brought up on a few occasions. In this contribution, we discuss this topic and connect the support of small cell on/off to the discovery signal. 
2 Discussion
Handover based operation for small cell on/off was discussed in a few contributions at RAN1 #76bis, some of which are [2]-[3]. One interesting aspect is that different standardisation impacts are highlighted in the two referred contributions and hence it would be fruitful to further try to understand and agree on how the HO based on/off procedure should function in order to clarify the standardization impact. The key aspect with the HO based on/off solution is that it is targeting a single serving cell operation as compared to the other flavours of the on/off operation which are targeting an Scell or SeNB operation. 
The procedure we envision is further described here. The UE performs the RRM measurement based on the discovery signal. The reason is that for a cell that is operating on/off the UE cannot assume that the CRS and PSS/SSS are constantly available as in Rel-8. Simply described, typically, the serving eNB would trigger an HO command to a cell that is operating on/off if the measured quantity of the RSRP and/or RSRQ from the target cell is higher than the serving cell (may also include some fixed threshold). This requires that the discovery signal supports RRM measurements. This fact is already highlighted in the WID for the small cell work item and hence achieving this should be a working target for the work item.

The first interesting aspect is how the serving eNB could determine whether or not to perform HO and with what accuracy. A basic question is whether the UE can measure RRM measurements on the serving cell based on CRS and on the target cell based on the discovery signal. A related question is whether the UE would also need to measure based on the discovery signal from the serving cell in order to support trigger based measurement reports based solely on the discovery signal. In order to support the above operation the discovery signal needs to be transmitted independently from if the cell is operating on/off operation or not. 
Proposal
· The UE can make measurements on the Discovery signal, independent from if the measured cell is operating on/off or not.
Further comparing measured values from the discovery signal with the CRS could potentially be an issue in the end if the measurement accuracy of the CRS and discovery signal differs very largely which would jeopardize the mobility performance. It is hence preferred that the CRS and discovery signal have equally good performance for all system bandwidths that they will be utilised for. 
Another aspect to consider here is the RLM. RLM is performed based on measurements on the CRS, which are translated into a virtual block error rate on PDCCH which is used to trigger RLF. If it is so that the discovery signal would perform much better than the CRS and RLM is still performed based on CRS, it may be difficult to utilise HO based solutions through the discovery signal as the UE may directly declare RLF when handed over to its target cell. The inverse is also an issue as the UE may not identify candidate cells for HO and hence may instead declare RLF for its serving cell. Consequently, to retain good performance when introducing the discovery signal, measurements on the discovery signal should be done with an equal accuracy or better than CRS based measurements. The discovery signal should further be possible to measure down to the same SINR level as CRS. Assuming the FeICIC framework this results in that the discovery signal should be measurable down to – 9 dB [4]. It is important to note that this SINR should be the average SINR seen over the whole subframe and not just the CRS or discovery signal REs since depending on the discovery signal design, the discovery signal REs may have a better SINR than the CRS REs which can result in a better measurement.
Proposal

· The measurement accuracy of the discovery signal should be better than or equal to the CRS for RSRP and RSRQ for all the system bandwidths wherein the discovery signal is used.
· The discovery signal should handle RSRP/RSRQ measurements down to – 9 dB, where the SINR is an average SINR over the whole subframe.
· RLM should be performed on the discovery signal in order to support HO based on/off.
Another point is that when the UE is performing measurements on the discovery signal the UE cannot assume that any other signal is present for the purpose of measurements, e.g. the UE cannot assume the presence of CRS/PSS/SSS. 
Proposal 

· A UE measuring on the discovery signal cannot assume that any other signal is present from that cell other than the discovery signal for measurement.
At the point when the UE is receiving the HO command, there are a few interesting aspects related to implied assumptions on when the physical layer signals are assumed to be available at the target cell including the broadcast information such as system information. The simplest and easiest assumption is that the physical layer signals are assumed to be present when the UE receives the HO command. How to support this in the network would then be a network implementation issue. One interesting fact however is that the UE has performed measurements previously based on the discovery signal and not the CRS/PSS/SSS, which is then different compared to the existing HO procedure. The impact of this fact has not been studied yet in 3GPP and should be further studied. An issue that is foreseen is that the time to perform HO is prolonged as the UE needs to detect a new set of reference signals in order to perform the HO and these reference signals may not be transmitted from the same antenna port as the discovery signal. Further any form of co-location or quasi-location properties of the discovery signal needs to be determined in order to support an efficient HO solution. 
Proposal

· The UE should assume at the time it receives the HO command that the cell is operating according to Rel-8 backwards compatible cell.
· Relationship between the antenna ports of the discovery signal and the existing reference signals and synchronization signals should be defined.
It has been proposed in [2] that the DRX procedure should be updated in general to allow more efficient on/off operation. The proposal is that when the UE is in DRX it cannot assume that any signal is present except the discovery signal. Further, when the UE is in on-duration then the UE can assume that the cell is operating according to a Rel-8 backwards compatible cell. To fully utilize the scheme it is further proposed that the eNB should align the DRX pattern of all its serving UEs to allow a greater time period to be off. Such operation is currently not the typical way of operating DRX, instead the typical operation would be to spread out the UEs in time as much as possible to distribute the traffic load as much as possible overtime. Before accepting such proposals in general there is need to study the impact on system capacity carefully.
Observation

· There is need to study the system capacity gains carefully before considering enhancing the DRX procedure as proposed in [2].
Another aspect that was generally discussed during the meeting was power consumption in the UE due to the use of small cell on/off and the discovery signal. If the cell is operating handover based on/off the aspect that will mainly control the power consumption in the UE is the amount of measurements the UE needs to attempt. For the current RSRP measurements the UE should at least measure 2 times within a 200ms cycle, however it is up to the UE implementation whether or not it measures more often. Consequently, it can be hard to judge what the power consumption impact of the discovery signal is, but what can be concluded is that if the discovery signal is not more robust than the CRS it will likely result in a power consumption increase in the UE.
Proposal

· The measurement accuracy of the discovery signal should be better or equal to the CRS for RSRP and RSRQ for all system bandwidths wherein the discovery signal is used.
It is further clear that the signal that is assumed to be used for the discovery signal will impact this discussion very much. If for example the discovery signal is based on the CRS it is will be assumed that the discovery signal and CRS in the target cell are co-located and most of the described issues go away. At the same time if the discovery signal is purely based on CSI-RS all of the above topics need to be discussed. If, however, the discovery signal is a hybrid solution based on both CSI-RS and CRS, there would be needed to discuss how exactly the UE would derive for example RSRP from the discovery signal. 
Observation
· There is a large impact on the HO based on/off procedure based on which discovery signal design is chosen.
3 Conclusion

In this contribution we discuss the impact of the support on/off for an HO based operation. Based on the discussion we propose the following:
· The UE can make measurements on the Discovery signal, independent from if the measured cell is operating on/off or not. 
· The measurement on the discovery signal is transparent to the whether or not on/off is applied in the cell.
· The measurement accuracy of the discovery signal should be better than or equal to the CRS for RSRP and RSRQ for all system bandwidths wherein the discovery signal is used, where the SINR is an average SINR over the whole subframe.
· RLM should be performed on the discovery signal in order to support HO based on/off.
· A UE measuring on the discovery signal cannot assume that any other signal is present from that cell than the discovery signal for measurement.
· The UE should assume at the time it receives the HO command that the cell is operating according to Rel-8 backwards compatible cell.
· Study the relationship between the antenna ports of the discovery signal and the existing reference signals and synchronisation signals

And make the following observations:
· There is a need to study the system capacity gains carefully before considering enhancing the DRX procedure as proposed in [2]
· There is a large impact on the HO based on/off procedure based on which discovery signal design is chosen.
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