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Introduction
This is update of R1-151679.
In the LAA ad-hoc held in Paris, following agreements were reached related to LAA DRS. 
	· 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 
· 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
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC




In RAN1#80bis, transmission of DRS was updated as following. On time/frequency synchronization aspect was also agreed.
	· 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



	· 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




This document further discusses DRS design. We describe more detailed possible DRS design.
 
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]LAA DRS transmission in combination with LBT
As "DRS design should allow DRS transmission on an LAA SCell to be subject to LBT" was agreed, next discussion point is what LBT scheme is used for LAA DRS when DRS is used. Our understanding of each alternative agreed is following. We add one variation of Alt2. These alternatives are shown also in figure 1. 
Alt1:	
DRS is transmitted subjected to LBT in fixed time position within the configured DMTC. If the CCA fails, the LAA DRS transmission attempt is moved to the next DRS transmission opportunity according to the DMTC periodicity. Each LAA DRS transmission opportunity is strictly aligned with the DMTC periodicity but the actual DRS transmission may be not realized depending on the CCA status. Back-off time is same as configured DMTC periodicity.
Alt2:	
If LBT prevents transmission of DRS in the fixed time position, allow the DRS to be transmitted in different time position within the configured DMTC if LBT succeeds. Even if the CCA fails, it will still be tried to realize the LAA DRS transmission within the current DRS transmission opportunity according to DMTC periodicity as much as possible. Back-off time is shorter than DMTC periodicity.  
Alt2 with configurable certain time interval:	
In addition to Alt2, configurable certain time interval is defined. LBT is only performed within this configured certain interval. 



Fig.1 LAA DRS options related to LBT
Our preference is Alt2 with configurable certain time interval. 
Alt2 facilitates an increased DRS transmission probability compared to Alt1. Even if Alt1 would be used, the periodicity cannot be used for the receiver performance improvement since DRS transmissions within the configured duty cycle cannot be guaranteed. Therefore, we see no specific benefit in Alt1. 
With Alt2, having the possibility of any timing within the DMTC periodicity is not so attractive from UE power consumption perspective if the UE has to track continuously the detected cells in order to perform measurements. In case of high resource utilization within the cell, it is further beneficial to have the option of skipping certain LAA DRS transmissions in order to provide more fair resource utilization. Therefore, LAA DRS transmission attempts should be realized only within certain time interval within the DMTC periodicity. Note that if certain time interval is configured as same as only one CCA attempt, the behaviour is same as Alt1. 
Proposal 1:	In case of unsuccessful CCA (channel is busy), further LAA DRS transmission attempt should be limited to a certain time interval within current DMTC periodicity.
Proposal 2:	The certain time interval for CCA is configurable.

Synchronization based on DRS
[bookmark: _GoBack]For the purpose of LAA evaluation, it can be assumed that LAA eNBs of the same operator are synchronized; but unsynchronized operation of LAA eNBs of the same operator is not excluded. Synchronization between different operators can in general not be assumed. The timing identification of cells from different operators is useful for the purpose of RRM measurements and further functionality for interference management. The detection of asynchronous LAA DRS timing is therefore required. 
In order to facilitate asynchronous timing detection, the transmission of PSS/SSS as part of the LAA DRS can reduce the UE complexity significantly. This is in line with the agreement "Rel-12 DRS can be the starting point for at least RRM measurement including cell identification". 
Proposal 3:	Detection of asynchronous LAA DRS timing should be supported.
Proposal 4:	LAA DRS should contain PSS/SSS or similar signals.

Number of reported LAA cells
Although the detection of DRS at a given moment may be limited to the best strongest cell, a UE could still detect the DRSs of different cells at different moments since the use of LBT for DRS transmission will yield a certain kind of distributed time domain coordination in mutual detection range. These detected cells should be reported to the network with an approach similar to the current RRM measurement/reporting mechanism for licensed band operation. The reported cells should not be limited to a single operator in order to facilitate enhanced coordination of radio resource usage. The number of reported cells should be concluded at RAN4 taking into account UE complexity.
Proposal 5:	UEs should report multiple cells based on DRS measurement procedures. The number of reported cells would be determined by RAN4.
Proposal 6:	UEs should report LAA cells operator agnostic. 

DRS design
Through LAA discussion, we identify two types of LAA DRS design options. 
Option 1: Current PSS/SSS/CRS/CSI-RS RE position is kept. At least one subframe length but could be longer up to 5 subframes. Non-DRS used REs are filled by PDSCH data.
Option 2: Trying to minimize OFDM symbol duration for DRS in order to allow TDM among LAA DRSs. Non-DRS used REs are not filled by PDSCH data.
Among two options, option 2 design is more unclear. Although we don't intend to conclude which option is better for now, more concrete design of option 2 would be useful for better discussion and identification of the requirement. In the following our current thinking of option 2 is described. 

Location of LAA DRS
In normal CP, the first OFDM symbol length in a slot has 71.9 usec and the remaining OFDM symbol length in a slot has71.3usec. Therefore, OFDM symbol length is different. Different OFDM symbol length during the synchronization detection makes the receiver implementation more complex. Therefore, LAA DRS should not be located in the first OFDM symbol in a slot. 

Frequency offset compensation for LAA carrier
TS36.104 section 6.5.1.1 specifies eNB Frequency error minimum requirement. Among multiple BS class, the most inaccurate is home BS and its value is ±0.25 ppm observed over a period of one subframe (1ms).
TS36.101 section 6.5.1 specifies UE Frequency error minimum requirement. Its requirement is ±0.1 ppm observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B. LAA is operated after UE is frequency synchronized to PCell. If eNB is home BS, UE has the clock accuracy ±0.35 ppm compared with absolute clock.
Even when LAA SCell is realized by RRH, SCell has ±0.25 ppm accuracy compared with absolute clock. Therefore, the maximum frequency difference between UE after synchronized to PCell and SCell is 0.6 ppm even SCell is RRH. This relation is shown in the following figure. 


Fig.2 Frequency relations among PCell, SCell and UE
In 5 GHz, 0.6 ppm accuracy means 3 kHz offset. 
By evaluating frequency difference using reference symbols between OFDM symbols, UE can estimate frequency error. Using 1 symbol difference, UE can estimate (1/71.9usec) = 7 kHz offset. Using 2 symbol difference (1/(2*71.9)usec), UE can estimate 3.5 kHz offset. Using 3 symbol offset (1/(3*71.9)usec), UE can estimate 2.34 kHz offset. By having at least 2 OFDM symbol difference could improve frequency estimation accuracy compared to obtain it from only PCell. In order to evaluate 2 OFDM symbol difference, LAA DRS should have at least 3 OFDM symbols.
CSI-RS aspect
Although the need of CSI-RS based mobility can be debatable in Rel.13 LAA DRS, to prepare CSI-RS for LAA DRS would be quite useful for future usage. It would be difficult to introduce CSI-RS in later release. Therefore, we propose to have CSI-RS in LAA DRS. There is also the proposal to use CSI-RS in LAA DRS for CSI measurement [1]. For this design, the 5th and 6th OFDM symbols in a slot are used for CSI-RS.
DRS OFDM symbols
If the 1st OFDM symbol in a slot is avoided, LAA DRS has at least 3 OFDM symbols for frequency estimation, and 2 OFDM symbols are fully utilized for CSI-RS, at least 5 OFDM symbols are used in a slot with 7 OFDM symbols in case of normal CP. LAA DRS can be maximum twice in a subframe i.e. once in a slot. With this limitation, it would not be so big difference between whether DRS utilize 5 OFDM symbols or 6 OFDM symbols. The first symbol is utilized for channel reservation purpose and to use 6 OFDM symbols in a slot as DRS could be one design direction.
PSS/SSS aspect
In FDD, PSS is located in 7th OFDM symbol. SSS is located in 6th OFDM symbol. In TDD, PSS is located at 3rd symbol in a slot and SSS is located three symbols earlier. As single DRS occasion based detection is assumed, UE would buffer AD data during PSS/SSS detection. Therefore, the order of PSS/SSS does not impact the complexity. Therefore, to reverse the order of PSS/SSS may be useful for the distinction from current licensed carrier's FDD or TDD.
Control information in LAA DRS
In unlicensed band, multiple operators could use the same carrier. In order to have the distinction among operators, we propose to indicate PLMN ID in DRS. Although PCI can be obtained by PSS/SSS, to obtain CellIdentity which is unambiguously identify a cell within a PLMN is also useful for future CSG(Closed Subscriber Group) usage in LAA. In licensed band CSG, CellIdentity in SIB1 is obtained from non-serving cells. The combination of PLMN ID + CellIdentity means ECGI (Evolved Cell Global Identifier ). Even SIB1 can have multiple ECGI for shared PLMN scenario, just to provide the first one in LAA DRS and further share within the network can minimize air resource overhead. Just to provide PLMN ID only without CellIdentity could be more difficult to identify in PLMN sharing deployment. Then the total bit size of a ECGI (a PLMN ID and a CellIdentity ) is 52 bits. 
In order to reduce the overhead for reservation signal, LAA DRS can be sent in any slot in a radio frame. Even LAA DRS can be sent in any slot in a radio frame, there is no need of slot or subframe timing information to be carried out in LAA DRS as far as LAA is CA framework. For serving cell, timing difference between PCell and SCell are 30 usec. Therefore, by the detection within slot timing by LAA DRS, UE can know frame and subframe timing for serving cells. On the other hand, to provide slot and frame timing indicated in LAA DRS can be quite useful in future when LAA is operated in dual connectivity, where CA timing relation is not ensured. Therefore, we propose subframe and slot timing as the control information. Then 4+1= 5 bits are required.
We don't see the need of other information to be sent in LAA DRS. Then current total size is 52+5=57 bits. On the other hand, some reserved field would be useful for future proof. Therefore, we think around 70 bits information is sent as LAA DRS. PBCH coding rate is 1/20. The similar order of the coding rate would be sufficient for LAA DRS. Then 70x20=1400 bits. Assuming QPSK, 700 REs are utilized by such control information. 
RE usage within LAA DRS
One OFDM symbol of 20MHz has 12*100 = 1200 REs. 6 OFDM symbols means 7200 REs. PSS/SSS each utilize 62 REs. Above control information would use 700 REs. Therefore, still 6438 REs are available. These could be used for basically CRS and CSI-RS. In order to improve interference estimation, some REs could be intentionally blanked.
LAA DRS
Based on the above discussion, one of design of LAA DRS is like following figure. 

Fig.3 LAA DRS design to minimize OFDM symbol usage
For this meeting, we propose following. 
Proposal 7:	To identify two options of LAA DRS and compare pros and cons further.
Option 1: Current PSS/SSS/CRS/CSI-RS RE position is kept. At least one subframe length but could be longer up to 5 subframes. Non-DRS used REs are filled by PDSCH data.
Option 2: Trying to minimize OFDM symbol duration for DRS in order to allow TDM among LAA DRSs. Non-DRS used REs are not filled by PDSCH data.

Conclusion
 We propose following.
Proposal 1:	In case of unsuccessful CCA (channel is busy), further LAA DRS transmission attempt should be limited to a certain time interval within current DMTC periodicity.
Proposal 2:	The certain time interval for CCA is configurable.
Proposal 3:	Detection of asynchronous LAA DRS timing should be supported.
Proposal 4:	LAA DRS should contain PSS/SSS or similar signals.
Proposal 5:	UEs should report multiple cells based on DRS measurement procedures. The number of reported cells would be determined by RAN4.
Proposal 6:	UEs should report LAA cells operator agnostic. 
Proposal 7:	To identify two options of LAA DRS and compare pros and cons further.
Option 1: Current PSS/SSS/CRS/CSI-RS RE position is kept. At least one subframe length but could be longer up to 5 subframes. Non-DRS used REs are filled by PDSCH data.
Option 2: Trying to minimize OFDM symbol duration for DRS in order to allow TDM among LAA DRSs. Non-DRS used REs are not filled by PDSCH data.

Reference 
[1] [bookmark: OLE_LINK1][bookmark: OLE_LINK2]R1-151043, " Discussion on CSI measurement and reporting for LAA ", Samsung 


image1.emf
CCA

Alt1

DMTC periodicity

Alt2

DMTC periodicity

··· 

Alt2 with configurable certain time interval

DMTC periodicity

··· 

··· 

··· 

Certain time interval

Backoff

CCA

CCA CCA CCA CCA CCA CCA CCA CCA CCA CCA

Backoff

CCA CCA CCA ··· 

Certain time interval

CCA CCA CCA

Backoff


Microsoft_Visio___1.vsdx
CCA
Alt1
DMTC periodicity
Alt2
DMTC periodicity
···
Alt2 with configurable certain time interval
DMTC periodicity
···
···
···
Certain time interval
Backoff
CCA
CCA
CCA
CCA
CCA
CCA
CCA
CCA
CCA
CCA
CCA
Backoff
CCA
CCA
CCA
···
Certain time interval
CCA
CCA
CCA
Backoff



image2.emf
PCell

±0.25 ppm 

UE

±0.1 ppm

maximum

difference

0.6ppm


Microsoft_Visio___2.vsdx
PCell
±0.25 ppm
UE
±0.1 ppm
maximum
difference
0.6ppm



image3.emf
CRS-RS CSI-RS PSS SSS

20MHz

1slot 

(0.5ms)

CRS and control information

are transmitted.

It does not mean all REs are

fully utilized.

1 OFDM symbol


Microsoft_Visio___3.vsdx
CRS-RS
CSI-RS
PSS
SSS
20MHz
1slot (0.5ms)
CRS and control information
are transmitted.
It does not mean all REs are
fully utilized.
1 OFDM symbol



