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1. Introduction
Since RAN1 #72, several physical layer aspects under the study item of small cell enhancement were thoroughly discussed. All results and conclusions are summarized in [1]. In RAN #62, the study item was completed and the related work item was approved [2]. The priority was given to 256QAM, small cell on/off and discovery as well as radio-interface based synchronization in the new related WI[2].
In the study item phase, small cell on/off with discovery enhancement was investigated and evaluated comprehensively. It is concluded to be beneficial to introduce small cell on/off transition time reduction depending on the detailed scheme. The gain from small cell on/off will increase with decreasing transition time. Moreover, discovery procedure/signal(s) and measurement mechanism are confirmed to be necessary to support an enhanced transition time reduction. Discovery signal(s) transmitted by cells capable of on/off operation are also expected to be helpful to support cell identification, coarse time/frequency synchronization, and intra-/inter- frequency RRM measurement of cells [2].

Following the above scope given in [2], the discovery procedure and measurement enhancement of “off” cells will be discussed in this contribution to support fast small cell on/off with feasible transition time.
2. Discussions
2.1. Two-step discovery of ‘off’ cells

To suppress the interference from “off” cells to “on” cells and as well as save energy, it is desirable to transmit discovery signal by ‘off’ small cells with a long period, such as one burst of discovery signal per 100ms or 200ms. Although some evaluations results summarized in [1] confirmed that a one burst discovery signal is probably sufficient for cell identification, e.g. PSS/SSS-IC and CSI-RS, the accuracy of RRM measurements just based on a single burst of discovery signal is still not proved to be acceptable and seems even questionable, particularly with practical synchronization errors.
If the RRM measurement based on the discovery signal could not meet the current accuracy requirement, some signal dedicated to RRM measurement may need to be transmitted. If so, separately transmitting discovery and measurement signals may be sensible for the purpose of suppressing interference and saving energy. Figure 1(a) shows a two-step discovery process of an “off” cell [3]. The “off” cell could transmit the discovery signal with a long period and not transmit any measurement signal at all. Only after it is informed that it is detected by a certain UE and its measurement signal is required, the “off” cell starts the measurement signal transmission.
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Figure 1 Two-step discovery of “off” cells
The measurement signal could be transmitted even after the “off” cell is turned on as shown in Figure 1(b), if turning on an “off” cell is able to be decided based on no measurement or a coarse measurement result. This can make the transition really fast, but might also degrade the performance of small cell on/off, because some improper “off” cells might be turned on instead of some better ones.
Proposal 1: A two-step discovery mechanism of “off” small cells should be considered, where the measurement signal is transmitted only after the small cell is discovered by a certain UE.
2.2. Discovery signal of “off” cells
In the SI phase, different discovery signal including legacy RS and new RS were thoroughly discussed and comprehensively assessed. According to the analyses and evaluation results in [1], both PSS/SSS-IC and CSI-RS are strong contenders which may lead to simpler specifications and require less standardization time budget of RAN1.
If “off” cells are discovered based on PSS/SSS-IC, only minor change of specifications is needed. Moreover, the discovery signals of “on” cells and “off” cells will also be naturally unified. This is beneficial to save the implementation complexity at UE side. PSS/SSS-IC also provides the possibility that UEs could detect “off” cells without any additional information. However, based on PSS/SSS-IC, the detection probability of the cell with the 3rd strongest RSRP would be a problem because it possibly fails to achieve the goal of more than 90% [1]. One approach to solve this problem is to relax the requirement of the detection probability of the 3rd strongest cell. Another is to improve the SINR of received PSS/SSS signal, e.g. by introducing PSS/SSS interference avoidance.
Compared with other candidates of one-burst discovery signal of “off” cells, CSI-RS shows an outstanding performance of probability of cell detection, if one small cell employs a NZP-CSI-RS as a discovery signal and other small cells are muted on the same positions by using ZP-CSI-RS. One of the possible problems of discovery based on CSI-RS may be how to improve the accuracy of timing tracking for the CSI-RS-based cell detection. According to the results provided in [4], although the CSI-RS-based detection probability of the three strongest cells is larger than 90% when the timing offset is assumed to be 0.1 CP, there is a visible performance gap between the results with 0.1 CP timing offset and no offset. The maximum timing offset between synchronized small cells or between small cells and macro cells is generally assumed to be +/-3us, or about 0.5 CP. How to improve the synchronization error from about 0.5 CP to about 0.1 CP may need to be investigated if CSI-RS is finally considered as discovery signal for “off” cells. Inserting other assistance signals into the subframes carrying one bust CSI-RS, such as PSS/SSS and CRS, may be helpful to solve this.
2.3. RRM measurement of “off” cells
Semi-static “off” cells may be activated in response to traffic load increases, UE arrival and packet arrival [1]. When an “off” cell needs to be turned on to serve a UE, several candidate cells could be compared together by the serving eNB, based on the measurement reports from the UE. Because these candidate cells are possibly inter-frequency, both RSRP and RSRQ of “off” cells should be measured and reported by UEs.

Proposal 2: Both RSRP and RSRQ of “off” cells should be measured and reported by UEs.
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Figure 2 RSSI calculation
The RSSI of “off” cells should be comparable to RSSI of always “on” cells to allow possible comparison between them. For example, if handover is necessary for a UE, its serving cell may choose one of suitable cells for the UE among some “on” cells and some “off” cells.

According to the RSSI definition given in [5], RSSI could be calculated based on the OFDM symbol containing reference signals in a normal subframe or on all OFDM symbols in a ABS subframe, as shown in Figure 2 (“definition 1” and “definition 2”). Because the subframes carrying the discovery/measurement signal of “off” cells are actually partially turned on with neither PDSCH nor PDCCH, no matter how many OFDM symbols in one subframe are utilized to calculate RSSI, the calculated RSSI of “off” cells are nearer to “comparable RSSI – RSRP*N” than the comparable RSSI, as shown in Figure 2 (“case A” and “case B”), where N is the number of subcarriers of the measurement bandwidth.

Observation: RSSI of “off” cells calculated according to the existing definition may not comparable to RSSI of always “on” cells.
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Figure 3 Possibly overestimated interference
To accelerate the cell discovery and measurement at UE side, the discovery/measurement signal of different “off” cells on the same frequency point could be transmitted within one subframe or several continuous subframes. If the UEs’ serving cells and these “off” cells are inter-frequency, the concentration transmission could also reduce the number of necessary measurement gaps. Therefore, it might be usual that there is more than one “off” cell able to be seen by an UE within a measurement window/gap. When one of the “off” cells is measured, interference of both “on” cells and other “off” cells is observable to the UE.

The measurement result of an “off” cell is usually utilized to evaluate the reliability of the signal from the “off” cell to an UE to predict the impact of turning the “off” cell on. In addition, it is unlikely to be necessary to turn on more than one “off” cells at the same time, irrespective of the reason (e.g. included in [1]) for triggering the turning on of the “off” cell. Hence the RSSI of “off” cells only including the interference from “on” cell may be sensible. If so, the interference counted in the RSSI of an “off” cell could be overestimated according to the current RSSI definition when UEs could observe interference of both “on” cells and other “off” cells within the measurement window/gap, as shown in Figure 3. It is desirable to modify the observation resource for RSSI to achieve more accurate interference estimation.
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Figure 4 Possible measurement subframe set

One possible enhancement is to define the subframe set for interference measurement which could be different from that for RSRP as is shown in Figure 4. In that way, only interference from “on” cells is considered. RSSI equals the estimated interference from “on” cells plus RSRP of the measured cell. Alternatively, SINR could be reported. 

Proposal 3: RSSI modification to improve interference estimation may need to be investigated further.
Sometimes, the network would also like to pre-estimate the impact of an “off” cell to make the wide decision on on/off. When several UEs are in the coverage of the “off” cell, e.g. on the cell edge of both the serving cell and “off” cell, it would be preferable to consider the interference from “off” cells to avoid sudden interference jumps [6]. In that case, the UE could be configured to report the RSRQ/SINR taking the interference of an indicated “off” cell into account. The related configuration signalling and procedure could be introduced which was ever discussed for CSI measurement in Rel-11 CoMP. 

Proposal 4: The network could configure the RSRQ/SINR measurement taking the particular “off” cell into account.
3. Conclusions

In the contribution, we discussed the discovery and measurement enhancement to support small cell on/off. We have one observation and some initial proposals:
Proposal 1: A two-step discovery mechanism of “off” small cells should be considered, where the measurement signal is transmitted only after the small cell is discovered by a certain UE.
Proposal 2: Both RSRP and RSRQ of “off” cells should be measured and reported by UEs.
Observation: RSSI of “off” cells calculated according to the existing definition may not comparable to RSSI of always “on” cells.
Proposal 3: RSSI modification to improve interference estimation may need to be investigated further.
Proposal 4: The network could configure the RSRQ/SINR measurement taking the particular “off” cell into account.
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