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1 Introduction
In the RAN#76bis meeting, the following agreements and working assumptions were made regarding the discovery signal-based RRM measurement [1].
Agreements:

· For enhanced discovery procedure:

· UE can be configured with at least one DRS measurement timing configuration per frequency

· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS

· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency

· UE can expect DRS in DRS measurement timing configuration

· DRS measurement timing configuration includes at least period and offset and potentially duration

· The reference timing for the offset is a serving cell timing

· FFS: Which serving cell
Working assumptions:

· UE can be configured with one measurement gap for DRS-based measurement when needed

· Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration

In this contribution, we discuss the DRS based RRM measurement procedures and the related network signalling, which can facilitate the RRM measurement in the small cell on/off operation.
2 Discussion on discovery signal-based RRM measurement
2.1  Requirements for discovery signal-based RRM measurement
Rel-12 RRC_CONNECTED UEs detect and measure the neighbouring off-state small cells with a discovery reference signal (DRS) prior to the data transmission. The introduction of DRS can significantly reduce the transition time in the small cell on/off operation, thus enhancing the network performance. In [1], there are two major criteria, i.e., detection performance and measurement performance, in the design of the DRS and the related procedures. Concerning the cell detection, it has been agreed that the DRS employs at least PSS/SSS [2][3]. Use of the PSS/SSS facilitates the detection of the off-state small cells with low complexity. In the RRM measurement, however, some detailed designs of the measurement procedures are still needed, including the RSRP/RSRQ calculation, RRM measurement timing configuration and the related network signalling.
In the intra-frequency measurement, it is considered that the UE measures the DRS transmitted from the off-state small cells, while it receives the CRS transmitted from the on-state small cells. Although, unlike CRS, it is assumed that the DRS is transmitted with a relatively long interval, the reception of DRS can increase the UE load even with the assistance information provided by the network. In addition, since the UE must perform, if needed, the inter-frequency measurements, the overall measurement task can be significantly large, which can negatively impact some of other important performance, such as the UE power consumption, throughput, and scheduling flexibility. In particular, when the number of CCs increases in the carrier aggregation, the power consumption and the throughput of the UE can be degraded due to the interruptions caused by the frequent inter-frequency measurements. 
To alleviate these problems, several relaxed measurement schemes for the inter-frequency measurement has been discussed [4][5]. For the improvement of the small cell on/off operation, however, some further optimisation should be desirable so as to efficiently accommodate both the CRS and DRS receptions, transmitted from the on- and off-state cells, respectively, while it supports carrier aggregation with many CCs.
Proposal 1: Discovery signal-based RRM measurement procedures for the relaxed schemes should be studied for the small cell on/off operation.
2.2  Consideration on measurement gap configuration
For the inter-frequency measurements, the UE configures measurement gaps. Here, we consider the following two options for the DRS-based measurement. 

Option 1: UE measures DRS and the legacy reference signal in the same measurement gap
Option 2: UE measures DRS and the legacy reference signal in the different measurement gap
Fig. 1 illustrates a measurement gap configuration for option 1. A multiple-CC scenario is assumed and the CCs are transmitted from both the on- and off-state small cells.
 Since the UE, in principle, can receive the DRS and/or legacy reference signal within the same measurement gaps, this configuration can provide an efficient measurement operation, minimizing the UE power consumption. Moreover, it can be implemented with the existing measurement gap configuration, which should provide a less specification impact. However, the DRS transmission period is bound with the legacy measurement gap, which restrict the DRS transmission period only to the integer multiple of legacy measurement gap period, e.g., 40ms, 80ms.
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Figure 1 Measurement gaps for option 1.
Proposal 2: For the efficient off-state cell measurement, the transmission period of DRS should be aligned with the existing measurement gap repetition period.

Fig. 2 illustrates the measurement gap configuration for option 2. The same deployment scenario is assumed as in Fig.1. 

In this case, the network has to independently configure the measurement gaps for the DRS and the legacy reference signal at the different timings. This results in a more frequent reception of the reference signals, which increases the UE power consumption and signaling overhead. When the number of CCs is large, the UE load can further increase. 

Thus, it should be necessary that some improvement should be considered for the effective implementation, suitable for the gap configuration for option 2.
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Figure 2 Measurement gaps for option 2.
Proposal 3: Improvement should be considered for the effective implementation, suitable for the gap configuration for option 2.
For the relaxed UE operation, a gap reduction scheme can be implemented for the measurement. One way for the relax measurement, the UE measures only one pre-selected CC and feedbacks the measurement result to the eNB in the multiple-CC scenario. Although this scheme can relax some of the measurement behavior of the UE, it is necessary that there is a certain correlation among the channel properties of the CCs. 

Table 1 shows the simulation results of the UE throughputs for 5%, 50%, and 95% CDFs. The simulation assumptions are shown in Table 2 in the appendix. We compared two scenarios: the normal measurement and relaxed measurement. In the normal measurement, the UE uses the measurement gaps configured for all the three small-cell CCs. On the other hand, in the relaxed measurement, the UE measures only one CC out of the three CCs. The simulation results show that the relaxed measurement provides better performance than the normal measurement in terms of the throughputs. Since more time slots are available through the relaxed gap configuration, the performance gain is considered reasonable. However, the lack of full measurement may cause negative impact on the cell selection performance to some degree, which needs to be carefully evaluated.
Table 1: UE throughput for 5%, 50% and 95% CDF
	CDF
	UE throughput [Mbps]

	
	Normal measurement 
	Relaxed measurement 

	5% 
	5.0
	8.7

	50% 
	15.3
	18.3

	95% 
	28.6
	35.7


Observation 1: It is possible that the relaxed measurement scheme improves the UE throughput in the small cell on/off scenario with the multiple CCs.
2.3  Network assistance information
In the RAN1 #76bis, it is agreed that the DRS measurement timing configuration includes at least a period, an offset, and potentially a duration time. These pieces of information can be useful for both the intra-/inter-frequency off cell measurement. However, if the measurement gap is configured based on the legacy measurement gap configuration as in option 1, the additional information can be even less than the above agreed information. 
For the efficient cell detection and measurement, in addition to the measurement timing configuration information, some assistance information, such as PCID/TPID should be provided to UE because they present efficient cell identification.
Proposal 4: In addition to the measurement timing configuration information, PCID/TPID should be provided.
3. 
Conclusions
In this contribution, we provide our views on the DRS based RRM measurement procedure and the related network signaling. The following observation and proposals are made: 
Proposal 1: Discovery signal-based RRM measurement procedures for the relaxed schemes should be studied for the small cell on/off operation.

Proposal 2: For the efficient off-state cell measurement, the transmission period of DRS should be aligned with the existing measurement gap repetition period.

Proposal 3: Improvement should be considered for the effective implementation, suitable for the gap configuration for option 2.

Observation 1: It is possible that the relaxed measurement scheme improves the UE throughput in the small cell on/off scenario with the multiple CCs.

Proposal 4: In addition to the measurement timing configuration information, PCID/TPID should be provided.
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Appendix – Simulation assumptions

Table 2: Simulation assumptions

	Parameters
	Assumptions

	
	Macro cell
	Small cell

	Cell deployment
	Hexagonal grid, 7 macro sites, 

3 sectors per site, ISD = 500[m],  
Scenario 2a
	Clusters are uniformly distributed within macro cell geographical area.

Small cells are uniformly dropped within cluster area.

	Carrier frequency 
	2.0 [GHz]
	3.5 [GHz]

	Number of

available CCs
	1
	3

	Number of RBs per CC
	50 [RB]
	50 [RB]

	Total BS Tx power 
	46 [dBm]
	30 [dBm]

	Distance-dependent loss / SCM model
	ITU-R M.2135, UMa
	ITU-R M.2135, UMi

	Number of small cells
	1 cluster per macro sector, 10 small cells per cluster.

	Traffic model
	FTP traffic model 1 with arrival rate  = 2, 0.5[MB]. 

	UE distribution
	2/3 UEs are dropped in the small cell cluster and 1/3 UEs are dropped out of the cluster.

	Cell selection criteria
	RSRP for macro cells, and RSRQ for small cells with CRE 10dB.

	Measurement gap 

Configuration
	Measurement gap period = 40[ms], Measurement gap length = 6[ms]

	Antenna configuration
	2x2, CPA

	Transmission mode 
	TM3

	Discovery signal
	N/A
	CSI-RS based DRS, 

200[ms] repetition period, 6[ms] burst.

	Transition time
	N/A
	30[ms] for off-to-on transition, 
1 [ms] for on-to-off transition

	On/off switching
	N/A
	CA-based on/off

	UE receiver
	MMSE-IRC (Ideal)

	UE speed
	3 [km/h]

	Control delay
	6 [ms]
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