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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. During the LAA study item, the followings were agreed regarding DRS (discovery reference signal) for LAA DL [2]-[6].
Agreements (RAN1#79):
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
Agreements (RAN1 LAA ad hoc):
· 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

· Feasibility is for further evaluation
· Transmission burst containing DRS signals should consist of continuous OFDM symbols

· FFS: How to realize contiguous OFDM symbol transmission 
Agreements (RAN1#80bis):
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization

· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)
· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization

· FFS: Other candidates (e.g., initial signal, DRS)
· FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission

· FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13

· It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells

· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst

Agreements (RAN1#80bis):
· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in R1-151455) 
· 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: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds
· Note: The number of different time positions should be restricted
· Note: One possibility is one time position in the subframe
· Modifications to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC

Agreements (RAN1#81):
· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion

· Note that at least LAA carrier bandwidth below 5 MHz is not supported
Agreements (RAN1#81):
· 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

· The ECCA counter used for LBT category 4 for the PDSCH is frozen during DL transmission burst containing DRS without PDSCH

Working assumption (RAN1#82):

· 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 (RAN1#82):

· 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

· FFS: other alternatives

Also, the followings were recorded for further DRS design in RAN1#82 meeting.
Conclusions (RAN1#82):

· 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
Based on the agreements so far, we suggest details of DRS design in this contribution.
2. Basic DRS structure
In this section, we discuss necessity of performance enhancement of DRS for LAA and the potential options for the performance enhancements.
2.1. Necessity of performance enhancement of DRS for LAA
· Evaluation results for Rel-12 DRS
During Rel-12 DRS design, RAN4 agreed on the following analyses results based on various evaluation results from companies [7]
	· Side condition for DRS measurement based on CRS:

· Es/Iot = -6dB

· Cell identification delay: (maximum values of companies’ results under EPATest1 Case 1~4 Es/Iot=-6dB)

· (x+y) *DMTC periodicity

· x = 8 (number of DRS occasions)

· Implementation margin y = 4 (number of DRS occasions)

· DMTC periodicity = {40ms, 80ms, 160ms}

· CRS based RSRP measurement assuming keeping the Rel-8 RSRP measurement accuracy unchanged when Es/Iot≥-6dB

· CRS based RRM measurement time:

Measurement BWs

Number of DRS occasions (i×160ms)
≥6PRB

5

≥25PRB

3




In addition, many companies’ evaluation results showed that for a measurement BW ≥ 50PRBs, single Rel-12 DRS occasion satisfies CRS based RRM measurement requirements [7].
· SINR distribution of DRS for Rel-13 LAA

Figure 1 shows CDF of received SINR of DRS under the simulation conditions following LAA system level evaluation (outdoor case), where for DRS transmission, (40ms, 6ms, 11 OFDM symbols) are used for (DMTC period, DMTC duration, DRS occasion length). As shown in the figure, it can be expected that received SINR in most cases exceeds 0dB under the simulation condition.

[image: image1.png]CDF

1.0

09

08

0.7

0.6

0:5

04

03

02

01

-10

5

10
SINR (dB)

15

20

25

30

35

40




Figure 1. CDF of received SINR of DRS
· Necessity of performance enhancement of DRS for LAA
Based on the background analyses in this section, there can be following approaches for performance enhancement of Rel-12 DRS for Rel-13 LAA
Approach 1) Relax DRS performance requirement (for example, relax SINR condition from -6dB to [0] dB)

· Depending on the relaxation details, PSS/SSS performance may have to be enhanced

· CRS performance doesn’t need to be enhanced

Approach 2) Keep DRS performance requirement as in Rel-12 and support LAA system BW ≥ 50PRBs only

· PSS/SSS performance should be enhanced

· CRS performance doesn’t need to be enhanced

Approach 3) Keep DRS performance requirement as in Rel-12 and support LAA system BW < 50PRBs

· PSS/SSS performance should be enhanced

· CRS performance have to be enhanced

Suggestion 1: Consider 3 approaches in this section for discussing necessity of performance enhancement of DRS for LAA
2.2. Potential enhancement for PSS/SSS

For the performance enhancement of PSS/SSS, we consider following two options.
PSSS/SSS-option 1) repeating PSS/SSS in frequency domain in an OFDM symbol

As illustrated in figure 2(a), PSS/SSS can be repeated in frequency domain in OFDM symbol 5 and 6 to provide larger bandwidth and energy than in Rel-12. This option accompanies following implications.
· Additional rate matching for PDSCH reception

· PAPR increase due to repetition in frequency domain

· Additional UE complexity to detect PSS in time domain

PSS/SSS-option 2) repeating PSS/SSS in multiple OFDM symbols
As illustrated in figure 2(b), PSS/SSS are repeated on OFDM symbols other than OFDM symbol 5 and 6. To avoid collision with CRS, OFDM symbol 2/3/9/10 can be used for PSS/SSS repetition. In the repeated symbols, PSS may be advanced to SSS since earlier time-processing with PSS may be beneficial in the consequent SSS/CRS detection. This option accompanies following implications.

· Additional rate matching for PDSCH reception

· Handling collision with CSI-RS
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(a) PSS/SSS frequency domain repetition
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(b) PSS/SSS symbol repetition
Figure 2 Examples of PSS/SSS extension
In overall, option 1 is simpler solution than option 2 if repetition on maximum 4 OFDM symbols provides sufficient performance. It should be noted that PSS/SSS repetition may not always need to be applied depending on the LAA cell deployment scenarios.
Suggestion 2: If PSS/SSS performance enhancement is necessary, repetition of PSS/SSS in multiple OFDM symbols should be considered first.

2.3. Potential enhancement for CRS

Performance enhancement for CRS can be achieved by increasing CRS RE density in a DRS subframe than in Rel-12. For this purpose, even a single TX antenna eNB may transmit CRS over REs for CRS antenna ports 0 and 1.
Suggestion 3: If CRS performance enhancement is necessary, CRS RE density in a DRS subframe should be increased than in Rel-12.

2.4. Potential enhancement for CSI-RS
It should be decided first whether TP-specific DRS should be supported or not for Rel-13 LAA. If supported, performance enhancement for CSI-RS can be achieved by increasing CSI-RS RE density in a DRS subframe than in Rel12. For this purpose, multiple CSI-RS ports can be used for DRS subframe.
Suggestion 4: If CSI-RS performance enhancement is necessary, CSI-RS RE density in a DRS subframe should be increased than in Rel-12.
3. Details on DRS transmission

In this section, we discuss further details of DRS transmission other than DRS structure itself.
3.1. DRS sequence generation

Since DRS can be transmitted in any of the subframes within DMTC, it should be decided how to define SSS/CRS/CSI-RS sequence for DRS related to the DRS transmission subframe.
For SSS sequence for DRS, following two options can be considered.

SSS-option 1) SSS sequence for DRS is fixed as SSS sequence for subframe#0 (or subframe#5) in Rel-12.

SSS-option 2) SSS sequence for DRS follows SSS sequence for subframe#0 in Rel-12 when it is transmitted in subframe#0~4 and SSS sequence for subframe#5 in Rel-12 when it is transmitted in subframe#5~9

For CRS sequence for DRS, following two options can be considered.

CRS-option 1) CRS sequence for DRS follows SSS sequence for DRS (e.g. CRS sequence for subframe#0 if SSS sequence follows subframe#0, or CRS sequence for subframe#5 if SSS sequence follows subframe#5).
CRS-option 2) CRS sequence follows subframe number where it is transmitted.

While there are pros and cons of combination of the options above, it is preferred to support combination of SSS-option 2 and CRS-option 2 since it is straight forward that UE can blindly detect two candidate SSS sequences following subframe number and CRS sequence follows subframe number as in Rel-12.
Suggestion 5: SSS and CRS sequence for DRS follows:

· SSS sequence for DRS follows SSS sequence for subframe#0 in Rel-12 when it is transmitted in subframe#0~4 and SSS sequence for subframe#5 in Rel-12 when it is transmitted in subframe#5~9

· CRS sequence follows subframe number where it is transmitted

3.2. DRS transmission outside DMTC

While DRS can be transmitted in any subframe within DMTC, it should be decided whether UE should assume DRS transmission in a predefined subframes outside DMTC. The follow aspects should be considered.
· If DRS consists of legacy PSS/SSS/CRS only, it is natural assuming DRS transmission in every subframe#0/5 to support UEs with different DMTC configuration in a same carrier (to provide consistent PSS/SSS rate matching)
· If DRS consists of additional PSS/SSS/CRS/CSI-RS than Rel-12, it may be beneficial to assume DRS is not transmitted outside DMTC to avoid unnecessary overhead. In this case, it should be decided whether/how to support UE-specific DMTC configuration per carrier
It should be noted that in any cases, DRS may not be multiplexed with MBSFN subframe, where MBSFN subframe configuration may be ignored if overlapped with DRS/DMTC.
Suggestion 6: If DRS consists of legacy PSS/SSS/CRS only, UE assumes DRS is transmitted in every subframe#0/5. Otherwise, UE assumes DRS is not transmitted outside DMTC.
3.3. Multiplexing DRS and PDSCH

For more chance of transmitting PDSCH within DMTC, it is beneficial to support multiplexing DRS and PDSCH in subframes other than subframe#0/5 within DMTC as well as multiplexing in subframe#0/5. The following options can be considered for DRS rate matching for PDSCH reception.
Mux-option 1) DRS REs are rate-matched for PDSCH transmission in all subframes within DMTC
Mux-option 2) DRS RBs are not used for PDSCH transmission in all subframes within DMTC
Mux-option 3) (E)PDCCH scheduling PDSCH indicates necessity of rate matching for DRS REs
All the options above can remove the concerns (raised during RAN1#82) on the eNB’s rate matching complexity in multiplexing DRS and PDSCH while providing chance to utilize large bandwidth resource for PDSCH transmission in DMTC.
Suggestion 7: Support multiplexing DRS and PDSCH in subframes other than subframe#0/5 within DMTC (as well as in subframe#0/5).
3.4. DRS with multiple subframes
As long as single subframe DRS provides sufficient performance, it is not clear whether DRS consisting of multiple subframes should be supported in Rel-13 LAA.

If multi-subframe DRS should be supported, at least the following issues should be handled.

· Multi-subframe DRS should incur ambiguity in CRS/CSI-RS sequence when multiplexed with PDSCH unless its transmission position is fixed within DMTC. 

· If multi-subframe DRS transmssion of neighbour TPs starts from different subframe positions in a DMTC, orthogonality between CSI-RS ports for different TP may not be guaranteed.

Suggestion 8: It is FFS whether to support multi-subframe DRS in Rel-13 LAA.

3.5. Sustained unfairness problem

If DRS transmission timing between neighbour cells are synchronized with a certain timing offset, DRS transmission from a cell may be always blocked by preceding DRS transmission from another cell due to LBT operation, which we call “sustained unfairness problem” [8]. Sustained unfairness problem between DRS from neighbour cells may be resolved if the network detects problem in DRS transmission and reconfigure the DMTC and/or DRS occasions in the network. However, DRS reconfiguration may not be easy once the network is already operating in a synchronized manner. Several methods can be considered to handle the sustained unfairness problem of DRS transmission between neighbour cells.

Fairness-option 1) Applying random pattern in DMTC appearance between neighbour cells

Fairness-option 2) Randomize DRS burst start position between neighbour cells using random CCS start position and reservation signal
Suggestion 9: Methods of handling potential sustained unfairness problem for DRS should be considered
4. Summary and conclusions

In this contribution we discussed details of DRS design in this contribution. The suggestions of this contribution are summarized as follows.
Suggestion 1: Consider following approaches for discussing necessity of performance enhancement of DRS for LAA

Approach 1) Relax DRS performance requirement (for example, relax SINR condition from -6dB to [0] dB)

· Depending on the relaxation details, PSS/SSS performance may have to be enhanced

· CRS performance doesn’t need to be enhanced

Approach 2) Keep DRS performance requirement as in Rel-12 and support LAA system BW ≥ 50PRBs only

· PSS/SSS performance should be enhanced

· CRS performance doesn’t need to be enhanced

Approach 3) Keep DRS performance requirement as in Rel-12 and support LAA system BW < 50PRBs

· PSS/SSS performance should be enhanced

· CRS performance have to be enhanced

Suggestion 2: If PSS/SSS performance enhancement is necessary, repetition of PSS/SSS in multiple OFDM symbols should be considered first.

Suggestion 3: If CRS performance enhancement is necessary, CRS RE density in a DRS subframe should be increased than in Rel-12.

Suggestion 4: If CSI-RS performance enhancement is necessary, CSI-RS RE density in a DRS subframe should be increased than in Rel-12.
Suggestion 5: SSS and CRS sequence for DRS follows:

· SSS sequence for DRS follows SSS sequence for subframe#0 in Rel-12 when it is transmitted in subframe#0~4 and SSS sequence for subframe#5 in Rel-12 when it is transmitted in subframe#5~9

· CRS sequence follows subframe number where it is transmitted

Suggestion 6: If DRS consists of legacy PSS/SSS/CRS only, UE assumes DRS is transmitted in every subframe#0/5. Otherwise, UE assumes DRS is not transmitted outside DMTC.

Suggestion 7: Support multiplexing DRS and PDSCH in subframes other than subframe#0/5 within DMTC (as well as in subframe#0/5).

Suggestion 8: It is FFS whether to support multi-subframe DRS in Rel-13 LAA.

Suggestion 9: Methods of handling potential sustained unfairness problem for DRS should be considered
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Appendix. Simulation assumptions
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	Initial CCA: 34 us

Extended CCA: 8 us

Defer period: 34 us
	8 us

	Contention window size
	X (minimum contention window size) = 16

Y (maximum contention window size) = 1024

	TX burst structure
	Starts at SF boundary and ends at 11-th OFDM symbol
	

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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