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1 Introduction

For LAA discussion in RAN1 Adhoc meeting, some agreements on discovery reference signal (DRS) and RRM measurement were agreed that are listed below [1].
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion

· Design targets of LAA DRS includes at least

· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion
· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 

· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT
· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS
· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC

· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds
· Modifications to Rel-12 DMTC configuration are FFS
In this contribution, further considerations and analysis on DRS and RRM measurement are provided, including design for OFDM symbol contiguous DRS, DRS transmission within DMTC subject to LBT and some other measurement related issues. 
2 Discussion
2.1 One shot DRS detection 
The one shot DRS detection means that a UE has to detect one cell based on a single DRS occasion transmitted from the cell, considering that it is hard to guarantee stable timing for LAA DRS transmission due to LBT. However, in legacy LTE systems, the requirement defined by RAN4 for initial cell detection is about 600 ms. This means that the UE has to monitor 12 PSS/SSS pairs to detect one cell. From this point of view, it may be hard to achieve the one shot DRS detection based on one DRS occasion, which can be configured as 1 to 5 ms but only containing one PSS/SSS pair. 
One straightforward method is adding more PSS/SSS pairs in one DRS occasion. For example, the PSS/SSS pair can be duplicated in the frequency to make denser PSS/SSS pattern [2]. This is reasonable considering that the regulation should meet at least 80% of the carrier bandwidth, which cannot be met if no PDSCH is transmitted in the subframe containing PSS/SSS. One issues introduced by this method is that whether to always keep the new PSS/SSS pair even if there is PDSCH transmission in the same subframe. If not, the UE may need to blind detect the new PSS/SSS pattern at least for neighbour cell detection and measurements. 
Another method is to rely on the CRS sequence detection which can also be combined with PSS/SSS detection to detect the cell. It may be commonly deemed that the sequence property of the CRS is worse than that of PSS/SSS, so the CRS blind detection is unreliable. However, LAA is probably a system with wide bandwidth, e.g., 20 MHz. Therefore, further evaluation for the CRS detection for cell detection could be done. 
Proposal 1: To achieve the cell detection by one DRS occasion, the PSS/SSS could be duplicated in the frequency domain. It could be FFS whether to keep the new PSS/SSS pattern even if there is PDSCH transmission in the same subframe. 
2.2 One shot DRS RRM measurement
For the one shot RRM measurements based on one DRS occasion, we evaluate it with link level simulation under different channel models. Two cases are simulated as below, which have relations with the issue discussed in Section 2.3. 
Case 1: Using 4 CRS symbols in a subframe. 

Case 2: Using 2 CRS symbols by the FDD PSS and SSS symbols in a subframe. 

The absolute and relative accuracy both are evaluated for RSRP and only absolute accuracy is evaluated for RSRQ. The simulation results are listed in Table 1 and Tables in the appendix. 
Table 1. RSRP intra frequency absolute and relative accuracy evaluation (4 CRS symbols）
	Channel
	BW
	RSRP error

	
	
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

	
	
	5%
	95%
	Relative
	5%
	95%
	Relative
	5%
	95%
	Relative

	AWGN
	5M
	-0.92
	1.95
	-1.56
	-0.7
	1.47
	-1.16
	-0.43
	0.9
	-0.66

	
	10M
	-0.79
	1.48
	-1.23
	-0.5
	1.1
	-0.81
	-0.26
	0.62
	-0.45

	
	20M
	-0.52
	1.05
	-0.85
	-0.4
	0.79
	-0.63
	-0.19
	0.47
	-0.32

	EPA5
	5M
	-2.01
	1.94
	-2.08
	-1.57
	1.33
	-1.63
	-0.83
	0.73
	-0.84

	
	10M
	-1.52
	1.27
	-1.54
	-0.92
	0.97
	-0.95
	-0.52
	0.54
	-0.53

	
	20M
	-0.96
	0.86
	-0.99
	-0.77
	0.64
	-0.8
	-0.36
	0.38
	-0.35

	ETU30
	5M
	-2.76
	1.33
	-2.43
	-2.27
	0.79
	-1.82
	-1.78
	0.3
	-1.24

	
	10M
	-2.07
	0.76
	-1.63
	-1.73
	0.49
	-1.22
	-1.41
	0.11
	-0.9

	
	20M
	-1.74
	0.43
	-1.25
	-1.56
	0.22
	-1.03
	-1.29
	-0.03
	-0.76


Table 2. RSRP intra frequency absolute and relative accuracy evaluation (2 CRS symbols）
	Channel
	BW
	RSRP error

	
	
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

	
	
	5%
	95%
	Relative
	5%
	95%
	Relative
	5%
	95%
	Relative

	AWGN
	5M
	-1.7
	2.56
	-2.47
	-1.14
	2
	-1.71
	-0.57
	1.22
	-0.93

	
	10M
	-1.18
	1.91
	-1.77
	-0.77
	1.52
	-1.23
	-0.39
	0.91
	-0.67

	
	20M
	-0.67
	1.44
	-1.11
	-0.5
	1.08
	-0.84
	-0.31
	0.61
	-0.49

	EPA5
	5M
	-2.86
	2.54
	-3.02
	-1.98
	2
	-2.07
	-1.15
	1.17
	-1.18

	
	10M
	-1.87
	2
	-1.98
	-1.51
	1.39
	-1.53
	-0.76
	0.82
	-0.82

	
	20M
	-1.41
	1.26
	-1.48
	-0.91
	0.97
	-0.95
	-0.58
	0.48
	-0.56

	ETU30
	5M
	-3.57
	1.96
	-3.32
	-2.63
	1.34
	-2.19
	-1.96
	0.49
	-1.45

	
	10M
	-2.87
	1.35
	-2.45
	-2.11
	0.85
	-1.6
	-1.66
	0.27
	-1.16

	
	20M
	-2.03
	0.72
	-1.61
	-1.76
	0.45
	-1.22
	-1.4
	0.09
	-0.89


Based on the current RAN4 requirement (absolute value of RSRP not larger than 3 dB, absolute value of RSRQ not larger than 3.5 dB) list in Table 9.1.2.1-1, Table 9.1.2.2-1 and Table 9.1.5.1-1 of [3], we can see from the above simulation results that one shot RRM measurement by one DRS occasion with 1 subframe can be met. For case 2, one shot RRM measurement can mostly meet the requirement except for some rare cases, e.g., ETU30 and 5 MHz BW. 
Observation: One shot RRM measurement by one DRS occasion with 1 subframe can meet the current RAN4 requirement. One shot RRM measurement by one DRS occasion with 2 CRS symbols can mostly meet the RAN4 requirement except for some rare cases. 
2.3 Design for OFDM symbol contiguous DRS transmission
One potential solution (option 1 in Figure 1) to achieve continuous DRS transmission is that reservation signal is transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled. The resource pattern of the reservation signal should consider the accuracy of RSSI measurement due to cell on/off. 
Currently, all the cells on one frequency would transmit their own DRS in a time-aligned DMTC to reduce the complexity and power consumption of UEs for cell detection and RRM measurements. Then one issue was discussed during Rel-12 that the energy of the DRS of OFF-state cells could be captured into the DRS based RSSI (DRSSI) leading to overestimated DRSSI measurements. Therefore, it was agreed that DRSSI is measured over all OFDM symbols in DL part within the DRS occasion in Rel-12, in order to smooth the energy of the DRS of OFF-cells from a few OFDM symbols to all OFDM symbols in a subframe. In this way, the DRSSI for an ON-cell normally with PDSCH occupying all OFDM symbols in a DRS occasion could be differentiated from the DRSSI for the same cell in OFF state transmitting only its DRS on a few OFDM symbols in the DRS occasion. 


[image: image1.emf]......

DMTC

(a) Option 1

(b) Option 2

......

DRS occasion

DRS occasion


Figure 1. Time contiguous DRS occasion design options

The effect for differentiating the energy levels of cells with ON/OFF states by the solution of smoothing the DRSSI in Rel-12 may somehow be discounted for LAA DRS transmission, since reservation signals should be anyway transmitted to fill the empty symbols if no PDSCH is scheduled during a DRS occasion. The effect could be even eliminated if full-RE occupancy is adopted, where all empty REs including both those in CRS symbols and empty symbols are filled with the reservation signals. Therefore, to differentiate the energy levels of cells with ON/OFF states and also to achieve the OFDM symbol continuous LAA DRS transmission, the resource pattern for DRSSI frequency domain smoothing should be adopted. As option 1 shown in Figure 1, if the cell is OFF but with DRS transmission, the reservation signals could occupy continuous OFDM symbols but only occupy part of REs in the frequency domain. The CRS pattern in one symbol can be reused, and can also improve the performance of cell detection and RRM measurement as discussed in Section 2.1 and Section 2.2. 
Another potential solution (option 2 in Figure 1) to achieve continuous DRS transmission is just truncate 4 symbols in one subframe, those are symbols of FDD PSS/SSS and two CRS symbols around the PSS/SSS. This option does not need to transmit reservation signal and also does not change the RS pattern which can be transparent when PDSCH or not is transmitted. Furthermore, with option 2, shorter DRS occasion is achieved which can be more friendly to Wi-Fi even if DRS CCA with high priority is used [4]. Option 2 can also allow multiple DRS time positions within one subframe if multiple time positions are agreed as discussed in Section 2.4. Note that option 2 can mostly meet the RAN4 requirement with one shot RRM measurement except for some very rare cases. 
Proposal 2: Reservation signals should be transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled if the DRS occasion is not shorter than 1 ms. The CRS pattern in one symbol can be used as reservation signal. 

Proposal 3: The shortened DRS occasion containing only two CRS symbols and two PSS/SSS symbols can also be considered. 
2.4 DRS transmission time position in the DMTC
In Rel-12, DRS transmission timing in the DMTC is fixed. Specifically, the PSS/SSS in the DRS should follow the original transmission timing when the cell is ON. With the fixed timing and LBT, the LAA eNB could probably lose the current transmission opportunity in the fixed time locations due to unsuccessful CCA, and has to wait until the next DRS occasion at least 40 ms later. As the DRS transmission can provide cell discovery and RRM measurements, and may also be used for time and frequency tracking and even CSI measurements, solutions to increase the probability of successful DRS transmission could be considered. One enhancement is that candidate locations for PSS/SSS in the DRS could be reserved in every subframe in the DMTC. From the eNB side, continuous CCA could be performed, and the DRS could be transmitted in a candidate location whenever the eNB discovers the channel idle just before the candidate location. From the UE perspective, just normal cell search for the PSS/SSS is performed in every subframe in the DMTC, so no more complexity is introduced based on current PSS/SSS detection. Note that the transmission of the beacon signal in WI-FI has been permitted such a delaying transmission scheme, also considering the importance of the functionalities provided by the beacon signal. 
Proposal 4: If LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds. One example to increase the probability of successful DRS transmission within a DMTC is that more than one candidate locations for LAA DRS transmission in one subframe within a DMTC could be configured. 
3 Conclusion

In this contribution, further considerations and analysis on DRS and RRM measurement are provided, including design for OFDM symbol contiguous DRS, DRS transmission within DMTC subject to LBT and some other measurement related issues. Finally, proposals are listed as following: 
Proposal 1: To achieve the cell detection by one DRS occasion, the PSS/SSS could be duplicated in the frequency domain. It could be FFS whether to keep the new PSS/SSS pattern even if there is PDSCH transmission in the same subframe. 

Proposal 2: Reservation signals should be transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled if the DRS occasion is not shorter than 1 ms. The CRS pattern in one symbol can be used as reservation signal. 

Proposal 3: The shortened DRS occasion containing only two CRS symbols and two PSS/SSS symbols can also be considered. 
Proposal 4: If LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds. One example to increase the probability of successful DRS transmission within a DMTC is that more than one candidate locations for LAA DRS transmission in one subframe within a DMTC could be configured. 
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Appendix
Table A1. RSRQ intra frequency absolute accuracy evaluation (4 CRS symbols）
	Channel
	BW
	RSRQ error


	
	
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	5M
	-0.94
	0.63
	1.95
	-0.69
	0.47
	1.46
	-0.44
	0.22
	0.87

	
	10M
	-0.77
	0.45
	1.46
	-0.51
	0.32
	1.08
	-0.25
	0.2
	0.6

	
	20M
	-0.5
	0.32
	1.04
	-0.39
	0.23
	0.75
	-0.17
	0.12
	0.43

	EPA5
	5M
	-1.95
	0.08
	1.99
	-1.54
	0.05
	1.33
	-0.82
	0
	0.72

	
	10M
	-1.54
	0.04
	1.28
	-0.91
	0.04
	0.95
	-0.5
	0.02
	0.53

	
	20M
	-0.92
	0.01
	0.86
	-0.78
	0.02
	0.62
	-0.34
	-0.01
	0.34

	ETU30
	5M
	-2.7
	-0.31
	1.3
	-2.2
	-0.42
	0.82
	-1.78
	-0.53
	0.28

	
	10M
	-2.19
	-0.43
	0.76
	-1.72
	-0.5
	0.46
	-1.42
	-0.51
	0.09

	
	20M
	-1.71
	-0.49
	0.42
	-1.54
	-0.52
	0.19
	-1.29
	-0.53
	-0.04


Table A2. RSRQ intra frequency absolute accuracy evaluation (2 CRS symbols）
	Channel
	BW
	RSRQ error

	
	
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	5M
	-1.7
	0.73
	2.48
	-1.1
	0.57
	1.93
	-0.51
	0.33
	1.15

	
	10M
	-1.2
	0.61
	1.92
	-0.75
	0.45
	1.5
	-0.36
	0.27
	0.84

	
	20M
	-0.68
	0.44
	1.43
	-0.48
	0.33
	1.03
	-0.31
	0.17
	0.55

	EPA5
	5M
	-2.79
	0.2
	2.5
	-1.85
	0.1
	1.94
	-1.1
	0.05
	1.03

	
	10M
	-1.86
	0.12
	1.92
	-1.46
	0.02
	1.36
	-0.66
	0.02
	0.75

	
	20M
	-1.41
	0.07
	1.24
	-0.89
	0.04
	0.95
	-0.52
	-0.02
	0.41

	ETU30
	5M
	-3.59
	-0.24
	1.96
	-2.57
	-0.43
	1.27
	-1.87
	-0.48
	0.45

	
	10M
	-2.86
	-0.39
	1.34
	-2.11
	-0.5
	0.8
	-1.59
	-0.48
	0.24

	
	20M
	-2.05
	-0.42
	0.68
	-1.71
	-0.54
	0.4
	-1.31
	-0.51
	0.04
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