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1 Introduction

In RAN1 #82 meeting, some working assumptions, agreements and conclusions on DRS design were achieved as following [1]. In this contribution, further considerations and analysis on remaining issues of DRS design are provided, including time contiguous DRS structure design which is related to the one-shot cell detection and RRM measurement, DRS transmission within the DMTC and DRS LBT scheme. 
Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion
Agreements:

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

Conclusions:
· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain
· PAPR should be evaluated

· PSS and SSS are repeated in time domain

· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
2 DRS structure design
2.1 One shot DRS detection 
In legacy LTE systems, the requirement defined by RAN4 for initial cell detection is about 600 ms, which means that the UE has to monitor 12 PSS/SSS pairs to detect one cell. However in LAA, the one shot DRS detection target requires a UE to detect a cell based on a single DRS occasion transmitted from the cell, considering that it is hard to guarantee the accurate timing for LAA DRS transmission due to LBT. From this point of view, it may be hard to achieve the one shot DRS detection based on one DRS occasion containing one PSS/SSS pair. 
One method is adding more PSS/SSS pairs in one DRS occasion. For example, the PSS/SSS pair can be duplicated in the frequency domain to make denser PSS/SSS pattern [2]. 4 PSS/SSS repetition in the frequency domain could satisfy the performance of one-shot cell detection, as evaluated in [2].This also helps meeting regulations that require that the LAA signal should occupy at least 80% of the carrier bandwidth, even when PDSCH is not transmitted in the subframe containing PSS/SSS. One issue introduced by this method is 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, which may complicate the UE implementation. Thus the same DRS pattern would be desirable for the case with and without PDSCH multiplexing. 
Proposal 1: To achieve cell detection by one DRS occasion, the PSS/SSS could be duplicated in the frequency domain. DRS transmission should have the same structure if the DRS is transmitted in a downlink transmission burst with or without PDSCH.
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 DRS structures are simulated below, as discussed in Section 2.3. 
Method 1: Using 4 CRS symbols in a subframe. 

Method 2: Using 2 CRS symbols (OS #4 and #7) in a subframe. 

The absolute and relative accuracy are both evaluated for RSRP for different measurement bandwidths. The simulation results and the simulation assumptions are listed in the tables in the Appendix. The RSRQ results can be found in [6]. 
Based on the current RAN4 requirement (absolute value of RSRP error not larger than 3 dB) listed in Table 9.1.2.1-1 and Table 9.1.2.2-1 of [3], and side condition of -6 dB is assumed, we can see from the simulation results in the appendix that one shot RRM measurement accuracy by one DRS occasion with 4 CRS symbols (method 1) can be met if the measurement bandwidth is equal to or larger than 5 MHz in all scenarios. The one shot RRM measurement accuracy by one DRS occasion with 2 CRS symbols (method 2) cannot be met when the measurement bandwidth is 5 MHz BW in ETU30. If the measurement bandwidth of 1.4 MHz is not precluded as concluded in [1], the requirement cannot be met in all the scenarios even with 4 CRS symbols. Therefore, more than 4 CRS symbols with 1 CRS port are required for one-shot RRM measurements if the measurement bandwidth is 1.4 MHz. In addition, port 1-3 CRS could be further considered to enhance the performance of one-shot RRM measurements. The DRS structure design can be found in section 2.3. 
Observation: One shot RRM measurement with 8 CRS REs per PRB pair can meet the requirement if the measurement bandwidth is not less than 5 MHz. If the measurement bandwidth of 1.4 MHz needs to be considered, more CRS symbols and/or ports in one subframe are needed. 
Proposal 2: At least 8 CRS REs per PRB pair in DRS should be supported for one-shot RRM measurement.
2.3 Design for OFDM symbol contiguous DRS 
One potential design as shown in Figure 1 to achieve time contiguous DRS transmission is that reservation signal is transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled. The reservation signal can be the RS like signal, e.g, CRS, which can be used for the one-shot RRM measurements. In addition, the resource pattern of the reservation signal should consider the accuracy of RSSI measurement due to cell on/off. 
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Figure 1. Time contiguous DRS occasion design 

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 discussed during Rel-12 was 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. 

The effect for differentiating the energy levels of cells with ON/OFF states by the solution of smoothing the DRSSI in Rel-12 may not matter so much for LAA DRS transmission, since reservation signals should be anyway transmitted to fill the empty symbols. 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 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. For example, the CRS pattern in one symbol can be reused. 
Proposal 3: Reservation signal should be transmitted in the empty symbols during a DRS occasion. The CRS pattern in one symbol can be reused for the reservation signal. These additional CRS can be used for RSRP measurements. The PSS and SSS are located in symbol #6 and #5 in a subframe. 
3 DRS transmission within the DMTC
As already agreed that the DRS without PDSCH could be transmitted in one of different time positions (not limited to subframe #0 and #5) within the DMTC, and the DRS patterns in all candidate DRS subframes within the DMTC are the same to reduce the detection complexity, therefore, it is straightforward that all the 6 subframes within a DMTC could be candidate DRS subframes. As discussed in section 2.3, the DRS pattern in each candidate subframe should occupy time contiguous symbols which at least contain 8 CRS REs symbols for RRM measurements. Considering the DRS could follow the LBT scheme with higher priority than other signals, and be also consistent with the short control message scheme, it is preferred not to support a DRS occasion longer than 1 ms. 
Proposal 4: All the 6 subframes within a DMTC could be candidate DRS subframes. Do not support a DRS occasion longer than 1 ms. 

One issue is that considering that DRS can be transmitted in each subframe in the DMTC, a UE cannot derive the radio timing from the SSS sequences originally transmitted only in subframe #0 and #5. Therefore, for the neighbouring cell measurements, the UE cannot determine the CRS/CSI-RS sequences scrambled with the slot number. To let the UE know the radio timing, one alternative is using different SSS sequences or resource mapping patterns linked with its transmitted subframes. However, this would complicate the UE detection behaviour which is different from the normal cell search procedure and therefore is not preferred. Another alternative is to remove the slot number based scrambling to the RS sequences, which may be only applicable to the DRS candidate subframes within the DMTC. However, this may also bring complexity to a UE especially for the UE to assume different CRS/CSI-RS sequences within and outside the DMTC for the PDSCH demodulation and fine synchronization. It is highly desirable to keep the scrambling scheme invariable at least in subframe #0 and #5 in the DMTC for the multiplexing of PDSCH and DRS. 
Proposal 5: Neither new SSS sequences nor new SSS resource mapping is introduced. The scrambling scheme in subframe #0 and #5 should be kept the same within and outside the DMTC. 
Proposal 6: Confirm the working assumption that DRS and PDSCH can be multiplexed within subframe #0 and #5 in the DMTC.

4 LBT scheme for DRS
For LAA discussion in RAN1 #81 meeting, agreements on DRS LBT scheme were agreed that are listed below [4]:
· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC
· Total sensing period may be greater than one sensing interval referred to in the above

· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels

· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x <<1 ms

· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges
Figure 4 illustrates the issue of partial DRS transmission in subframe 0 or 5 with PDSCH. Assuming that PDSCH CCA succeeds just after the candidate DRS starting point in the same subframe, then a partial-subframe PDSCH could be transmitted. If this subframe is 0 or 5 then the cell should transmit PSS/SSS. However, UEs taking neighbour cell DRS measurements for this subframe would not know that this is a partial subframe. These UEs would then miss some part of the DRS at the beginning of the subframe, which would lead to wrong RRM measurement results for the UE, since normally the UE determines whether the DRS is transmitted by detecting the existence of the PSS/SSS as DRS but may not be detecting the CRS in every CRS symbols of the DRS occasion. The issue could be solved by either not allowing such kind of partial-subframe PDSCH scheduling in the candidate DRS subframes 0 and 5, or not allow one candidate PDSCH symbol starting between symbol #0 to symbol #7. The former solution would bring scheduling restrictions for PDSCH and therefore is not preferred. The latter solution is preferred and the candidate PDSCH symbol could be symbol #7 [5]. Note that the partial-subframe PDSCH transmission starting from symbol #7 may not need to be rate matched around the DRS in the subframe #0 or #5. 
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Figure 4. Issue of partial DRS
Proposal 7: Do not allow one candidate PDSCH symbol starting between symbol #0 to symbol #7. The partial-subframe PDSCH transmission does not need to be rate matched around the DRS in the subframe #0 or #5.
There are still other remaining issues related to the high priority DRS CCA procedure. Additional CSI-RS ports for CSI measurements could be RRC configured within the DRS occasion. In this way, it is straightforward to apply the above DRS CCA procedure for the DRS transmission with CSI-RS in the DRS occasion but without PDSCH. Once a UE detects the serving cell’s DRS, and also the CSI-RS for CSI measurements in the same subframe as the detected DRS, the UE can assume that the CSI-RS is transmitted in this subframe. As the DRS without PDSCH can be transmitted in one of multiple positions in the DMTC, a further issue is whether to permit the same scheme for the CSI-RS for CSI measurements. Considering that the NZP-CSI-RS may be jointly configured with the ZP-CSI-RS of neighbour cells, and also that there may be resource collisions for the CSI-RS as DRS, ZP-CSI-RS, NZP-CSI-RS and CSI-IM for CSI measurements in the DRS subframe if these CSI-RS resources are pre-configured in different subframes but with the same pattern in these subframes, it is suggested not supporting the CSI-RS and CSI-IM for CSI measurements to be transmitted in one of multiple positions in the DMTC. For RRM measurements, the UE would continue to use only port 15 CSI-RS as DRS in Rel-12.
Proposal 8: Allow the DRS CCA procedure for the DRS transmission with CSI-RS for CSI measurement in the DRS occasion but without PDSCH. Do not support CSI-RS and CSI-IM for CSI measurements to be transmitted in one of multiple positions in the DMTC. 
In addition, the detailed parameters of the DRS CCA, such as one CCA interval, can reuse those for normal PDSCH CCA procedure to reduce the implementation complexity. 

Proposal 9: The DRS CCA interval and the PDSCH CCA interval are of the same duration.

5 Conclusion

In this contribution, further considerations and analysis on remaining issues of DRS design are provided, including time contiguous DRS structure design which is related to the one-shot cell detection and RRM measurement, DRS transmission within the DMTC and DRS LBT scheme. Finally, proposals are listed as following: 
Proposal 1: To achieve cell detection by one DRS occasion, the PSS/SSS could be duplicated in the frequency domain. DRS transmission should have the same structure if the DRS is transmitted in a downlink transmission burst with or without PDSCH.
Proposal 2: At least 8 CRS REs per PRB pair in DRS should be supported for one-shot RRM measurement.
Proposal 3: Reservation signal should be transmitted in the empty symbols during a DRS occasion. The CRS pattern in one symbol can be reused for the reservation signal. These additional CRS can be used for RSRP measurements. The PSS and SSS are located in symbol #6 and #5 in a subframe.
Proposal 4: All the 6 subframes within a DMTC could be candidate DRS subframes. Do not support a DRS occasion longer than 1 ms. 

Proposal 5: Neither new SSS sequences nor new SSS resource mapping is introduced. The scrambling scheme in subframe #0 and #5 should be kept the same within and outside the DMTC. 
Proposal 6: Confirm the working assumption that DRS and PDSCH can be multiplexed within subframe #0 and #5 in the DMTC.

Proposal 7: Do not allow one candidate PDSCH symbol starting between symbol #0 to symbol #7. The partial-subframe PDSCH transmission does not need to be rate matched around the DRS in the subframe #0 or #5.
Proposal 8: Allow the DRS CCA procedure for the DRS transmission with CSI-RS for CSI measurement in the DRS occasion but without PDSCH. Do not support CSI-RS and CSI-IM for CSI measurements to be transmitted in one of multiple positions in the DMTC. 
Proposal 9: The DRS CCA interval and the PDSCH CCA interval are of the same duration.
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Appendix
Table A1. Simulation assumption for one-shot RRM measurements
	Parameters
	Value
	Comments

	Measurement bandwidth
	6, 25,50,100 RBs
	RSRP measured over 6, 25,50,100 RBs

	System bandwidth
	100 resource blocks
	

	L1 measurement 
	a single DRS occasion
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: AWGN, EPA5, ETU30
	

	CP Length
	Normal
	

	Frequency band
	5GHz
	

	Ês/Iot
	-8, -6, -4, 0 dB
	To be varied


Table A2. RSRP intra frequency absolute and relative accuracy evaluation (4 CRS symbols）

	Channel
	BW

(Hz)
	RSRP error

	
	
	SNR = -8dB
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

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

	AWGN
	1.4M
	-3.83 
	4.45 
	-5.44 
	-2.48 
	3.46 
	-3.61 
	-1.84 
	2.70 
	-2.68 
	-0.89 
	1.66 
	-1.37 

	
	5M
	-1.72
	2.52
	-2.59
	-0.92
	1.95
	-1.56
	-0.7
	1.47
	-1.16
	-0.43
	0.9
	-0.66

	
	10M
	-1.09
	1.92
	-1.68
	-0.79
	1.48
	-1.23
	-0.5
	1.1
	-0.81
	-0.26
	0.62
	-0.45

	
	20M
	-0.8
	1.49
	-1.24
	-0.52
	1.05
	-0.85
	-0.4
	0.79
	-0.63
	-0.19
	0.47
	-0.32

	EPA5
	1.4M
	-4.27 
	5.09 
	-5.01 
	-3.73 
	3.87 
	-3.89 
	-3.28 
	3.54 
	-3.49 
	-1.90 
	1.67 
	-1.94 

	
	5M
	-2.78
	2.61
	-2.91
	-2.01
	1.94
	-2.08
	-1.57
	1.33
	-1.63
	-0.83
	0.73
	-0.84

	
	10M
	-2.24
	1.9
	-2.28
	-1.52
	1.27
	-1.54
	-0.92
	0.97
	-0.95
	-0.52
	0.54
	-0.53

	
	20M
	-1.49
	1.42
	-1.6
	-0.96
	0.86
	-0.99
	-0.77
	0.64
	-0.8
	-0.36
	0.38
	-0.35

	ETU30
	1.4M
	-5.88 
	4.20 
	-6.15 
	-4.64 
	3.24 
	-4.64 
	-4.18 
	1.95 
	-3.94 
	-2.93 
	1.08 
	-2.47 

	
	5M
	-3.67
	2.06
	-3.55
	-2.76
	1.33
	-2.43
	-2.27
	0.79
	-1.82
	-1.78
	0.3
	-1.24

	
	10M
	-2.58
	1.13
	-2.23
	-2.07
	0.76
	-1.63
	-1.73
	0.49
	-1.22
	-1.41
	0.11
	-0.9

	
	20M
	-2.08
	0.83
	-1.65
	-1.74
	0.43
	-1.25
	-1.56
	0.22
	-1.03
	-1.29
	-0.03
	-0.76


Table A3. RSRP intra frequency absolute and relative accuracy evaluation (2 CRS symbols）

	Channel
	BW
(Hz)
	RSRP error

	
	
	SNR = -8dB
	SNR = -6dB
	SNR = -4dB
	SNR =0dB

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

	AWGN
	1.4M
	-4.09 
	5.49 
	-6.26 
	-3.67 
	4.54 
	-5.16 
	-2.42 
	3.38 
	-3.52 
	-1.13 
	2.24 
	-1.81 

	
	5M
	-2.69
	3.32
	-3.76
	-1.7
	2.56
	-2.47
	-1.14
	2
	-1.71
	-0.57
	1.22
	-0.93

	
	10M
	-1.63
	2.59
	-2.41
	-1.18
	1.91
	-1.77
	-0.77
	1.52
	-1.23
	-0.39
	0.91
	-0.67

	
	20M
	-1.11
	1.99
	-1.77
	-0.67
	1.44
	-1.11
	-0.5
	1.08
	-0.84
	-0.31
	0.61
	-0.49

	EPA5
	1.4M
	-5.45 
	6.38 
	-6.62 
	-5.19 
	5.35 
	-5.65 
	-3.90 
	4.31 
	-4.35 
	-2.66 
	2.43 
	-2.77 

	
	5M
	-3.59
	3.39
	-3.93
	-2.86
	2.54
	-3.02
	-1.98
	2
	-2.07
	-1.15
	1.17
	-1.18

	
	10M
	-2.78
	2.56
	-2.98
	-1.87
	2
	-1.98
	-1.51
	1.39
	-1.53
	-0.76
	0.82
	-0.82

	
	20M
	-1.75
	1.8
	-1.92
	-1.41
	1.26
	-1.48
	-0.91
	0.97
	-0.95
	-0.58
	0.48
	-0.56

	ETU30
	1.4M
	-5.98 
	5.17 
	-6.53 
	-5.98 
	3.97 
	-6.22 
	-5.52 
	2.93 
	-5.43 
	-3.34 
	1.63 
	-2.88 

	
	5M
	-4.04
	2.67
	-4.06
	-3.57
	1.96
	-3.32
	-2.63
	1.34
	-2.19
	-1.96
	0.49
	-1.45

	
	10M
	-3.26
	1.88
	-2.95
	-2.87
	1.35
	-2.45
	-2.11
	0.85
	-1.6
	-1.66
	0.27
	-1.16

	
	20M
	-2.38
	1.34
	-2.07
	-2.03
	0.72
	-1.61
	-1.76
	0.45
	-1.22
	-1.4
	0.09
	-0.89
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