


3GPP TSG RAN WG1 Ad-hoc Meeting                                                                             	               R1-151029
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Paris, France, 24th - 26th March 2015

Source:	Panasonic
Title: 	Discussion on DRS design for LAA
Agenda Item:		2.2
Document for:	Discussion
Introduction
In the last RAN1 meeting, it was shortly discussed how cell discovery, synchronization and RRM measurements can be realized for LAA [1][2]. Although there is no specific agreement, it seems to be clear that the existing DRS design needs to be modified for LAA.
In the last RAN2 meeting, following was agreed: 
With DRS as starting point, RAN2 considers the RRM measurement and reporting would be feasible for LAA. Further input from RAN1 is required (e.g. whether RSRQ is supported; how DRS differs from Rel-12; …)
In order to make RRM measurement and reporting for LAA feasible in combination with Listen Before Talk (LBT), this contribution discusses the DRS design for LAA. 
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]LAA DRS transmission in combination with LBT
At the last RAN1 meeting, following categorization of LBT was agreed. 
–	Category 1: No LBT
–	Category 2: LBT without random back-off
–	Category 3: LBT with random back-off with fixed size of contention window
–	Category 4: LBT with random back-off with variable size of contention window
Regarding the relation between LAA DRS and LBT, we identify following options: 
Option DRS-1:	
No LBT procedure is applied for LAA DRS. This is in line the short signalling transmission rule given by the European regulation. This corresponds to Category 1 is applied to LAA DRS.
Option DRS-2:	
The LAA DRS are transmitted only after successful clear channel assessment (CCA) within the LBT procedure. If the CCA fails, the LAA DRS transmission attempt is moved to the next DRS transmission opportunity according to the DMTC (DRS measurement timing configuration) 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. This approach corresponds to Category 2 described above. 
Option DRS-3:	
The LAA DRS are transmitted only after successful clear channel assessment (CCA) within the LBT procedure. Even if the CCA fails, it will still be tried to realize the LAA DRS transmission within the current DRS transmission opportunity according DMTC periodicity as much as possible. The intention is to provide LAA DRS transmissions roughly following the DRS periodicity. 
At least in Japan, Option DRS-1 is not allowed, it is therefore not feasible as for a global solution. Our preference is Option DRS-3 as it facilitates an increased DRS transmission probability compared to Option DRS-2. If Option DRS-2 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 benefit in Option DRS-2. 
With Option DRS-3, having the possibility of any timing within the DMTC periodicity is not so attractive from UE power consumption 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 interval within the DMTC periodicity pattern. 
Proposal 1:	LAA DRS are transmitted only after successful CCA within the LBT. 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 pattern. 

Synchronization based on DRS
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 2:	Detection of asynchronous LAA DRS timing should be supported.
Proposal 3:	LAA DRS should contain PSS/SSS or similar signals.

Performance of single shot LAA DRS (PSS/SSS) detection 
The performance of single shot PSS/SSS detection has been evaluated in Table 6.2-1 of TR 36.872 [3]. The results are shown in Table 1. It can be seen that the strongest cell (1st cell) can be detected in almost all cases with very high probability (very close to 100%). Taking into account the LBT procedure for DRS (and hence PSS/SSS) transmissions, even if there are multiple cells, the majority the case would be that not more than one cell transmits LAA DRS at a given moment if the cells are in mutual detection range. Based on the evaluations presented in TR36.872, single shot PSS/SSS detection seems to be feasible for LAA.
[bookmark: _Ref414285552]Table 1: PSS/SSS detection performance [3]
	Number of 
measurement
 samples for 
PSS/SSS
	
	Detection probability
	Different assumptions from Annex A.4

	
	
	1st cell
	2nd cell
	3rd cell
	

	1 sample
	Source 1
	0.87
	0.38
	0.11
	

	
	Source 2
	0.86
	0.35
	0.10
	

	
	Source 3
	0.90
	0.32
	0.11
	

	
	Source 4
	0.96
	0.58
	0.25
	- Frequency offset: 0 Hz
- SINR vs Detection probability curve is derived by AWGN channel

	
	Source 5
	0.99
	0.55
	0.21
	- SINR vs Detection probability curve is derived by AWGN channel

	
	Source 6
	0.97
0.99*
	0.89
0.95*
	0.75
0.88*
	- Time/Frequency offsets: Zero
- Location of PSS/SSS is known a priori
- Low cross-correlation between PSS/SSS sequences is taken into account
* False alarm probability: 0.01

	
	Source 8
	0.99
0.99*
	0.87
0.95*
	0.55
0.74*
	
* For the cells with SINR > -6dB 

	
	Source 9
	0.93
	0.30
	0.04
	

	
	Source 10
	1.00
	0.71
	0.21
	



Number of reported LAA cells
[bookmark: _GoBack]Although the detection of DRS at a given moment may be limited to the best strongest cell, a UE could still detect the DRS 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 4:	UEs should report multiple cells based on DRS measurement procedures. The number of reported cells would be  determined by RAN4.
Proposal 5:	UEs should report LAA cells operator agnostic. 

Contiguity of LAA DRS in time domain
The Rel.12 DRS definition consists of configured PSS/SSS/CRS/CSI-RS combinations. The positions of these legacy signal components of the DRS within in a radio frame are not changed. A Rel-12 DRS does therefore not form a contiguous signal neither in the time nor frequency domain. Due to that fact, Rel-12 DRS cannot provide sufficient channel reservation in unlicensed bands. As proposed in [4], it is required to support an LAA DRS design that is  contiguous in time domain in order to avoid unnecessary collisions with other transmitters (such as Wi-Fi nodes) in unlicensed bands within single LAA DRS transmission.
Proposal 6:	LAA DRS should be contiguous in time domain. 

PSS/SSS transmission timing
Regarding the PSS/SSS transmission timing, we identify following options: 
Option T-1:		PSS/SSS transmission timing is aligned with the Rel-8 radio frame boundary. 
If FDD design is used, PSS/SSS is located in the last two symbols of first and 11th slot in a radio frame. In case of Option DRS-1 and Option DRS-2, this would be possible but it is not possible in case of Option DRS-3.
Option T-2:		PSS/SSS transmission timing is aligned with the Rel-8 subframe boundary
The selection of subframe in which PSS/SSS are transmitted is flexible as long as the transmission timing within a subframe is aligned with the Rel-8 subframe boundary. 
Option T-3:		PSS/SSS transmission timing is only aligned with the LTE OFDM symbol boundary
The PSS/SS transmission timing allows full flexibility as long as the OFDM symbol timing is followed. 
Taking into account the relation between CCA timing and above PSS/SSS transmission options, there are two operation alternatives. The first alternative is that CCA is performed with fixed timing relation to the PSS/SSS transmission. With this alternative, Option T-3 offers the highest flexibility for CCA evaluation. It can therefore maximize the DRS transmission probability. The other operation alternative is that the CCA is performed with a flexible timing relation to the PSS/SSS transmission. In this case, the channel would be reserved (for example by means of a dedicated reservation signal) after a successful CCA until PSS/SSS are transmitted. Option T-3 can minimize the channel reservation period here. Regardless of these two alternatives, Option T-3 is most beneficial.
With Option T-2, the subframe timing cannot be derived by the UE from PSS/SSS detection alone. With Option T-3, the OFDM symbol numbering and the subframe timing cannot be derived by the UE from PSS/SSS detection alone. The subframe boundary alignment according to the Rel-12 CA timing relationships across aggregated serving cells may be used to derive this information but this requires further discussion.
Proposal 7:	PSS/SSS transmission timing should be aligned with the LTE OFDM symbol timing, additional alignment with subframe or radio frame boundary is not required.

Frequency domain channel occupation during LAA DRS transmission
Rel-8 PSS/SSS transmissions occupy the center 62 subcarrier of the LTE OFDM symbol. In the following, the LAA PSS/SSS design follows this frequency domain allocation. 
In order to reserve the whole unlicensed channel in the frequency domain, further subcarriers have to be occupied in addition to the PSS/SSS subcarriers. It is however not required to occupy all subcarriers in the unlicensed band. Several possibilities can be considered regarding the question how these subcarriers can be used: 
· In order to improve PSS/SSS detection, more repetitions of PSS/SSS are provided in the frequency domain. 
· The PSS/SSS transmission timing is indicated to the UE if it does not follow the Rel-8 PSS/SS transmission pattern.
· In order to distinguish operators, some part or hashed number of PLMN ID may be indicated. 
· ECGI (Evolved Cell Global Identifier, the globally unique identity of a cell) may be indicated. 
The REs in the still remaining subcarriers can be filled by CRS and/or CSI-RS like signal. This would improve the measurement performance of CRS and/or CSI-RS. If more than 2 symbols are used for LAA DRS, the same discussion would be applied to the handling of REs not used for PSS/SSS.

Conclusion
 We propose following.
Proposal 1:	LAA DRS are transmitted only after successful CCA within the LBT. 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 pattern. 
Proposal 2:	Detection of asynchronous LAA DRS timing should be supported.
Proposal 3:	LAA DRS should contain PSS/SSS or similar signals.
Proposal 4:	UEs should report multiple cells based on DRS measurement procedures. The number of reported cells would be determined by RAN4.
Proposal 5:	UEs should report LAA cells operator agnostic. 
Proposal 6:	LAA DRS should be contiguous in time domain. 
Proposal 7:	PSS/SSS transmission timing should be aligned with the LTE OFDM symbol timing, additional alignment with subframe or radio frame boundary is not required.
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