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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In 3GPP RAN1 Session #82 meeting, following points are agreed for DRS
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
· FFS: other alternatives
Based on the latest agreements, this paper discusses potential issues and solutions for LAA DRS.
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To facilitate efficient operation of the following functionalities in LAA, periodic DRS transmission is beneficial.
· Carrier selection
· RRM measurement including cell identification
· Discontinuous transmission on a carrier with limited maximum transmission duration
However, in unlicensed spectrum, periodic transmission in fixed subframe(s) can’t be guaranteed due to the channel contention.  In addition, according to regulatory rules, it requires wideband transmission spanning over at least 80% of nominal channel bandwidth in unlicensed spectrum when the channel is obtained.  Therefore, enhancements on R12 DRS are needed.
2.1 LBT mechanism for DRS
Based on the latest agreements, two alternatives will be considered for the transmission of DRS within a DMTC window if LBT is applied to DRS.  Compared to Alt1, Alt2 can provide higher chance to transmit DRS within each DMTC window in some circumstances, which is very beneficial to UE’s time/frequency synchronization and RRM measurements for carrier selection.  However, Alt2 may introduce higher UE complexity due to blind detection of potential DRS transmission timing within a DMTC window.  With restricted number of different time positions, it could limit UE complexity for blind detection to a certain level though the tradeoff would be a decreased success rate of DRS transmission in each DMTC window.
If frame-based LBT is applied for DRS in Alt2, the time positions within a DMTC window can be fixed or configurable and UE can just perform blind detection at these time positions.  In addition, no fractional subframe transmission is needed for DRS.  However, the unfairness issue in frame-based LBT needs to be resolved.  There can be two potential solutions illustrated in Figure 1.  
· Option #1: Perform one CCA with randomized CCA time in a range of [0, CCAmax,SF] in one subframe, where CCAmax,SF is the maximal CCA time of one subframe
· Option #2: Perform one CCA with randomized CCA time in a range of [0, CCAmax] in one or multiple subframes, where CCAmax can be larger than the maximal CCA time of one subframe and adaptive to the traffic load
· The remaining CCA time can be performed in the CCA period in next subframe if the randomized CCA time is larger than CCAmax,SF
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Figure 1. Illustration of randomized CCA options for frame-based LBT.
For the case of low traffic load, both options can work well but Option #1 may not be able to improve the channel access fairness in the case of high traffic load.  Therefore, we would like to propose that frame-based LBT using Option #2 should be considered for DRS transmission.
Proposal #1: For DRS transmission, frame-based LBT with randomized CCA across one or multiple subframes should be considered.
2.2 Enhanced DRS design
According to the regulatory requirements in unlicensed spectrum, each channel occupation requires frequency-domain spanning over at least 80% nominal channel bandwidth.  In addition, DRS transmission in consecutive OFDM symbols is necessary to maintain the channel access right within a DRS occasion in unlicensed spectrum. In addition to the time/frequency requirements, there are some considerations of UE design  
Considerations of UE design:
· To minimize UE impact, minimal RE mapping change of reference signals is required.
· According to the study in Release 12, more time-domain occurrence of PSS/SSS improves cell detection rate within a DMTC window.  For improved cell detection, time-domain occurrence number of PSS/SSS can be considered to be increased.  However, for minimized UE impact, it is not preferred to change the frequency mapping of PSS/SSS.
· For improved RRM measurement performance, it is also proposed to increase the time/frequency-domain density of reference signals, e.g. extending CRS in the remaining OFDM symbols or adding CSIRS or PRS, and reduce the time length of a DRS occasion.  
Based on the agreements in RAN1 #82 and the design considerations,  One design is provided below
PSS/SSS/CRS/CSIRS 
In this case, legacy CRS, CSIRS, and PSS/SSS are used as the reference signals in an eDRS burst. OFDM symbols 0-3 are used for LBT as shown in Section 2.1. For improving the performance of RRM measurement, DRS structure can be different according to the number of transmit antennas used for DRS transmission. That is, the sequence generation and RE mapping of CRS depend on the number of antenna ports used for DRS transmission. 
Example 1. DRS is transmitted using a single transmit antenna
When eNB has only one transmit antenna, DRS can only be transmitted using a single antenna port. For the legacy port 0 CRS, there are only 6 CRS REs per PRB, which is not enough for achieving the RRM measurement requirement in 5 MHz (25 PRBs) measurement bandwidth. Thus the RE mapping of CRS port 0 needs to be modified. Figure 1 shows an example of the modified RE mapping of CRS port 0. In this case, the sequence generation and RE mapping of the modified CRS port 0 are based on the legacy CRS port 0-3, i.e. CRS signals for ports 0-3 are sent from the same physical antenna. With the modification, there are 16 CRS REs per PRB, which is enough for achieving the RRM measurement requirement in 5 MHz (25 PRBs) measurement bandwidth.


[bookmark: _Ref427085326]Figure 1 DRS option #1 with a signle port CRS.
Example 2. DRS is transmitted using two transmit antennas
When eNB has two transmit antenna, DRS can be transmitted using two antenna ports. For the legacy port 0 CRS and port 1 CRS, there are only 12 CRS REs per PRB, which is not enough for achieving the RRM measurement requirement in 5 MHz (25 PRBs) measurement bandwidth. Thus the RE mapping of CRS port 0 and port 1 needs to be modified. Figure 2 shows an example of the modified RE mapping of CRS port 0. In this case, the sequence generation and RE mapping of the modified CRS ports 0-1 are based on the legacy CRS ports 0-1. The sequence generation and RE mapping of the modified CRS ports 2-3 are based on the legacy CRS ports 2-3. CRS signals for ports 0 and 2 are sent from the same physical antenna; and CRS signals for ports 1 and 3 are sent from another physical antenna. With the modification, there are 16 CRS REs per PRB, which is enough for achieving the RRM measurement requirement in 5 MHz (25 PRBs) measurement bandwidth.



[bookmark: _Ref430713013]Figure 2 DRS option #1 with two ports CRS.

Example 3. DRS is transmitted using four transmit antennas
When eNB has four transmit antennas, DRS can be transmitted using four antenna ports. For the legacy CRS port 0-3, there are only 16 CRS REs per PRB, which is enough for achieving the RRM measurement requirement in 5 MHz (25 PRBs) measurement bandwidth. Figure 3 shows an example when four antenna ports are used for CRS. 



[bookmark: _Ref430713225]Figure 3 DRS option #1 with four ports CRS.

Network information block (NIB)
To satisfy the regulatory requirement of occupied bandwidth and make DRS be continuous in time, reservation signals or network information blocks (NIB) can be inserted in the OFDM symbols in which there is no CRS, SCIRS or the OFDM symbols which contain PSS/SSS. The NIB can carry network identification of the eNB, LBT scheme, detailed DL/UL LBT configurations, and channel access priority of the network. For example, as shown in Figure 4, NIB is placed on symbol 7, and occupies the central 5 MHz. In OFDM symbols 5-6 and OFDM symbols 9-10, reservation signals can be inserted to satisfy the requirement of occupied bandwidth and continuity of time domain.
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Proposal #2: The design with PSS/SSS/CRS/CSIRS   can be considered as candidates of eDRS design. 
·  The sequence generation and RE mapping of CRS depend on the number of antenna ports used for DRS transmission. 
· NIB, which can carry network identification of the eNB, LBT scheme, detailed DL/UL LBT configurations, and channel access priority of the network, can be used to satisfy the requirement of occupied bandwidth and continuity transmission.

Since DRS can be transmitted in subframes other than #0 and #5, a UE may need to detect the subframe index of a DRS transmission.  There may be two solutions: 1) embed the subframe index in the sequence generation of SSS/RS and 2) get the subframe index with the help of PCell. As R13 LAA is based on the CA structure (i.e., PCell on the licensed carrier and SCell on the unlicensed carrier), ideal backhaul is assumed. When UE detects the PSS/SSS timing on the unlicensed carrier, it can determine the subframe index by referencing the timing of PCell. Thus, there is no need to generate SSS/RS according to the subframe index of DRS, which may impact the complexity of a UE. In our company’s view, in R13 LAA generating SSS/RS sequences irrespective of the subframe index of DRS is preferred.

Proposal #3: In R13 LAA, generating SSS/RS sequences irrespective of the subframe index of DRS is preferred.

2.3 DRS multiplexed with PDSCH
In some cases, DRS may be multiplexed with PDSCH in a TXOP. 
· The starting fractional subframe, which contains initial signal, occurs in a configured DMTC.
· DRS has been transmitted before a TXOP


Figure 6 DRS has been transmitted before a TXOP
In this case, since DRS has been transmitted before a TXOP, there is no multiplexing issue.
· DRS is not transmitted and a TXOP comes

 
Figure 7 DRS is not transmitted and a TXOP comes
In this case, a new rate matching pattern is required if DRS appears in the starting fractional subframe.  Therefore, we suggest that DRS can only be transmitted in the subframe without initial signal. In addition, to reduce UE complexity it is preferred that DRS transmitted in the first subframe next to the starting fractional subframe if DMTC overlaps with TxOP with at least a whole subframe as shown in figure 7(a).
· DMTC starts from a complete subframe  within a TXOP


Figure 8 DMTC starts from a complete subframe  within a TXOP
In this case, DRS can be transmitted in any complete subframe in a TXOP. To reduce UE complexity it is preferred that DRS is transmitted in the first candidate position within a DMTC.
· DMTC starts from the fractional ending subframe


Figure 9 DMTC starts from the fractional ending subframe
In this case, a new rate matching pattern is required if DRS appears in the ending subframe. To minimize the UE impact, we suggest transmitting DRS in the other candidate positions in a configured DMTC.
Therefore, we have
Proposal #4: DRS is not transmitted in a fractional subframe within a TXOP. 
· If the starting fractional subframe, which contains initial signal, occurs in a configured DMTC, DRS is transmitted in the first subframe next to the starting fractional subframe.
· If DMTC starts from a complete subframe within a TXOP, DRS is transmitted in the first candidate position within a DMTC.

PDSCH RE mapping when DRS is multiplexed with PDSCH
When DRS is multiplexed within a TXOP, one question is about the RE mapping of PDSCH. From the point of spectral efficiency, PDSCH is required to be put in all the free REs within a DRS subframe. From other point of view, if LAA wants to support transmitting system information on unlicensed band, DRS subframe can serve this purpose. For example, the free REs in the central 6 PRBs within a DRS subframe, which is independent of the channel bandwidth, can be used to carry the system information and hence PDSCH is not transmitted in these RBs. Although R13 LAA may not transmit system information on the unlicensed band, we can still reserve the free REs in the central 6 PRBs. In the future release, if system information is required to be transmitted on the unlicensed carrier, we can use the reserved REs for this purpose.

2.4 UE behavior 
When DRS is multiplexed with PDSCH, there are several problems need to be considered for demodulation.
Channel estimation
Before the demodulation of PDSCH, channel estimation is required. For the CRS-based transmission scheme, CRS is used for channel estimation. To minimize the UE impact, the legacy reference signal should be used for this purposed. For example, suppose DRS option #1 is used and the number of transmit antennas is 2. As shown in Figure 7, CRSs in 4th, 7th, 11th OFDM symbols (legacy CRS) are used for both channel estimation and RRM measurement. The CRSs in the 8th OFDM symbol are mainly used for RRM measurement. When DRS option #2 is used, both CRS and PRS can be used for channel estimation. For DMRS-based transmission scheme, DMRS is used for channel estimation.

 
[bookmark: _Ref430725533]Figure 10 Illustration of the CRS symbol usage in DRS
Proposal #5: For the CRS-based transmission scheme, the legacy reference signals should be used for channel estimation, RRM measurement, and CSI report (if supported). FFS for DMRS-based transmission scheme.
Rate matching
Since the PDSCH may be scheduled on the same subframe as the DRS candidates, the rate matching patterns applied for the DRS subframe and the none-DRS subframe are different. Once the subframe type has been detected by UE, rate matching can be performed according to the subframe type.
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3. [bookmark: _Ref129681832]Conclusion
In this paper, we consider the design and the LBT mechanism for enhanced DRS in LAA.  The proposals are summarized as follows.

Proposal #1: For DRS transmission, frame-based LBT with randomized CCA across one or multiple subframes should be considered.
Proposal #2: Option #1 PSS/SSS/CRS/CSIRS and Option #2 PSS/SSS/CRS/PRS+CSIRS (if configured) can be considered as candidates of eDRS design. 
· In option #1, the sequence generation and RE mapping of CRS depend on the number of antenna ports used for DRS transmission. 
· NIB, which can carry network identification of the eNB, LBT scheme, detailed DL/UL LBT configurations, and channel access priority of the network, can be used to satisfy the requirement of occupied bandwidth and continuity transmission.

Proposal #3: In R13 LAA, generating SSS/RS sequences irrespective of the subframe index of DRS is preferred.
Proposal #4: DRS is not transmitted in a fractional subframe within a TXOP. 
· If the starting fractional subframe, which contains initial signal, occurs in a configured DMTC, DRS is transmitted in the first subframe next to the starting fractional subframe.
· If DMTC starts from a complete subframe within a TXOP, DRS is transmitted in the first candidate position within a DMTC.
Proposal #5: For the CRS-based transmission scheme, the legacy reference signals should be used for channel estimation, RRM measurement, and CSI report (if supported). FFS for DMRS-based transmission scheme.
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