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In the previous RAN1 meeting, RAN1 agreed on the following working assumption multiplexing the PDSCH and DRS [1]. In this contribution, we provide our view on multiplexing PDSCH and DRS taking DRS design into account.
	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
· FFS: other alternatives



Multiplexing PDSCH and DRS
In the previous meeting, RAN1 agreed on the working assumption that the PDSCH and the DRS can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5. However, whether to support subframes other than subframes 0 and 5 is FFS. In this contribution, we propose our view with regard to the above topic. 
In our considering, there are two following cases:
Case1. DRS transmission timing is located within the DL transmission burst (Figure 1)
Case2. Backoff counter for PDSCH is finished at the same time as DRS LBT ends (Figure 2)
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Figure 1 DRS transmission timing is located in DL transmission burst.
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Figure 2 Backoff counter for PDSCH is finished at the same time as DRS LBT ends.

Case 1 shows the DRS transmission is located within the duration of the DL transmission burst. In this case, eNB(s) doesn’t need to carry out the LBT for DRS, since DRS transmit as part of the DL transmission burst. The DRS transmissions are needed to satisfy the RRM measurement and synchronization requirements. Therefore, it is beneficial to multiplex the PDSCH and DRS within the DL transmission burst. However, if multiplexing PDSCH and DRS in subframes other than subframes 0 and 5 is applied as well, the UE must always decode blindly the two different formats (i.e. with/without DRS) since the UE does not know this in advance. Decoding two types of subframe formats each time is computationally intensive. Another fact that needs to be considered is when the initial signal is used as the indication of DL start timing or when the PDCCH is transmitted in each subframe during the transmission burst. In these two cases the DRS could overlap the initial signal or the PDCCH. If the DRS and initial signal/PDCCH overlap then the eNB cannot transmit the DRS in order to maintain the data transmission. Therefore, RAN1 need to consider how the DRS and initial signal/PDCCH transmissions must be multiplexed during the transmission burst.
Proposal 1: Multiplexing PDSCH and DRS in the subframes 0 and 5 should be supported for satisfying the RRM measurement and synchronization requirements.
Proposal 2: Subframes other than subframes 0 and 5 should not be supported due to higher computational load for the UE.
Proposal 3: RAN1 needs to consider how the DRS and initial signal/PDCCH transmissions must be multiplexed during the transmission burst.

Case 2 shows the collision between the PDSCH and the DRS when both CCA mechanisms occur at the same time. DRS LBT and PDSCH LBT processes are independent and regardless of the DRS LBT methods (i.e. FBE or LBE) and DRS transmission methods (i.e. Alt1 or Alt2) the collision could occur. If it is possible to multiplex PDSCH and DRS in the starting timing, eNB(s) has more transmission opportunities to transmit the PDSCH and the DRS. One of the simplest solutions is to apply the same PHY design for both the DRS and initial signal for PDSCH, if initial signal is introduced for detection of the DL data transmission. This allows no transmission of the initial signal in the case the DRS and data transmission start at the same time. However, initial signal may include some information relevant to the DL transmission burst. Therefore, we should consider this aspect to see if the DRS and the initial signal have the same PHY designs.
Proposal 4: RAN1 should consider a portion of initial signal design has the same PHY design as the DRS.

On the other hand, if DRS and initial signal have different PHY design or initial signal isn’t introduced then we should consider different method to multiplex the PDSCH and the DRS. Considering RRM measurement based on a single DRS occasion, the DRS would require higher density of CRS per OFDM symbols compared to Rel.12. Therefore, it is difficult to multiplex DRS and initial signal or PDCCH in the same OFDM symbol. Whereas it is possible to multiplex DRS and DL transmission burst in time domain if the DRS and DL transmission burst are transmitted continuously as shown in Figure 3. In this case, there is no problem to transmit them continuously since both of the LBT methods are already finished; however, the maximum transmission burst length includes the durations of DRS. Some companies [3][4][5] have suggested to limit the transmission time in the subframe to lower the UE complexity and specification impact. If the start time of the OFDM symbol is limited, we should consider the start time of DL transmission burst to be located right after the end of DRS transmission. However, when there is a blank space between the DRS and DL transmission burst, the eNB should be able to transmit the reservation signal within the blank space. It is possible to transmit DRS and DL transmission burst continuously as long as these signals duration do not overlap. If the DRS and initial signal or PDCCH duration overlap then the eNB can only transmit the DRS, the initial signal or PDCCH. Therefore, RAN1 should consider DRS and DL transmission burst timing when both are transmitted continuously.
Proposal 5: RAN1 should support start time of the DL transmission burst to be located right after the end of the DRS for the case where both PDSCH and DRS CCA mechanisms are finished at the same time.
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Figure 3 Continuous transmissions of DRS and DL transmission bust

Conclusions
In this contribution, we provided our views on DL data Transmission design. We have following proposals.
Proposal 1: Multiplexing PDSCH and DRS in the subframes 0 and 5 should be supported for satisfying the RRM measurement and synchronization requirements.
Proposal 2: Subframes other than subframes 0 and 5 should not be supported due to higher computational load for the UE.
Proposal 3: RAN1 needs to consider how the DRS and initial signal/PDCCH transmissions must be multiplexed during the transmission burst.
Proposal 4: RAN1 should consider a portion of initial signal design has the same PHY design as the DRS.
Proposal 5: RAN1 should support start time of the DL transmission burst to be located right after the end of the DRS for the case where both PDSCH and DRS CCA mechanisms are finished at the same time.
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