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1. Introduction
In the past RAN1 meetings, the discontinuous transmission of LAA discovery signals subjected to LBT mechanism has been discussed, including the DRS transmission without PDSCH, as well as the DRS multiplexing with PDSCH, and the following working assumption and agreements were achieved [1]:
 SHAPE  \* MERGEFORMAT 



In this contribution, we discuss the discontinuous transmission mechanism of LAA DRS subjected to the LBT, and address the issue of multiplexing DRS and PDSCH in a same subframe.
2. Discovery signal design for LAA 
2.1 Discussion on transmission of DRS without PDSCH
According to the current agreements, a DL transmission burst containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us. The total duration of the DL transmission burst is not longer than 1 ms, and DRS occasion duration is 12 symbols. This implies that to transmit a DL transmission burst containing DRS without PDSCH, an eNB may perform CCA detection only in the observation window of OFDM symbols #12-#13. Only if a single idle observation interval of at least 25 us is found in such observation window, a DL transmission burst containing DRS without PDSCH is allowed to be transmitted. Although it is agreed that the DRS without PDSCH is allowed to be transmitted in one of different time positions within the configured DMTC, there is still large probability that the eNB may not be able to find an opportunity to transmit DRS in the configured DMTC. 
One example is shown in Figure 1. Consider that the channel is co-shared by LAA and WIFI. It is possible that a neighbouring WIFI AP/STA may start transmitting a WIFI burst before the starting of DMTC, and finish transmitting in the interval of OFDM symbols 0-11 among one of the subframes in the DMTC. For this WIFI AP/STA, it may start to perform another normal LBT procedure to utilize the channel. For instance, suppose WIFI adopts the same channel access priority as LAA priority class 3, i.e., CW_min = 15， CW_max = 63，then WIFI would wait at most 15*9+34 = 169 us ( ≈ 2.4 OFDM) at minimum  CW, or at most 63*9+34 = 601 us ( ≈ 8.5 OFDM) at maximum CW to access the channel. From this perspective, WIFI would easy to access the channel in the 0th - 11th OFDM symbols, since LAA DRS transmission would not contend the channel until the next 12th OFDM symbol. 
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Figure 1. Illustration of DRS transmission blocked by neighbouring WIFI burst
As a summary, although granted with short LBT mechanism, an eNB may not find any transmission opportunities for DRS without PDSCH in the configured DMTC, since LAA is restricted to perform CCA detection only in the 12th and 13th OFDM symbols of a subframe, while WIFI can contend the channel access opportunity at any position.
Therefore, the channel access/miss probability for DRS within the configured DMTC should be further studied. If the performance loss due to DRS blocking issue cannot be neglected, to ensure the UE RRM measurement accuracy, allowing other DRS transmissions outside of the configured DMTC may be necessary. To save the power of UE for detection of DRS, candidate DRS occasions outside the configured DMTC can be defined.
Observation 1: Although granted with short LBT mechanism, an eNB may not find any transmission opportunities for DRS without PDSCH in the configured DMTC, since LAA is restricted to perform CCA detection only in the 12th and 13th OFDM symbols of a subframe, while WIFI can contend the channel access opportunity at any position.
Proposal 1: The channel access/miss probability for DRS within the configured DMTC should be further investigated.
Proposal 2: For LAA DRS subjected to LBT, it is suggested to allow DRS transmissions outside of the configured DMTC. The other candidate DRS occasions outside DMTC should be well studied to save the power of UE for detection of DRS. 
2.2. Discussion on multiplexing of DRS and PDSCH
It is agreed as a working assumption that, for LAA Scell, DRS and PDSCH can be multiplexed and transmitted within a subframe, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH. 
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Figure 2. Illustration of DRS transmission blocked by neighbouring LAA DL burst
One issue caused by the multiplexing of DRS and PDSCH is that, the duration of PDSCH transmission with DRS in one cell may be up to the TXOP length, e.g., 13ms according to the some regional regulationn, which would block the DRS transmission in the neighboring cells of the same operator. Specifically, the DMTC configuration is configured per-carrier, which indicates that the DRS of neighboring cells in the same carrier from the same operator should share the same DMTC. In the case of DRS transmission without PDSCH, the DRS of multiple cells can be configured with non-overlapped subframes in the same DMTC,  so as to reduce the probability of blocking DRS among cells. Nevertheless, if PDSCH is multiplexed with DRS, the PDSCH transmission may cover the transmission of the whole DMTC. If no coordination is performed among cells, the PDSCH transmission may become a strong interference to the neighboring cells, which results that the DRS of neighboring cells cannot be transmitted due to the energy detection exceeding the threshold.
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Figure 3. Illustration of PDSCH enhancement within DMTC
To solve the DRS blocking issue due to neighbor PDSCH transmitting, an enhancement for PDSCH transmitting within DMTC is suggested supported, and the sensing GAP reservation based approach may be a good starting point. As shown in Figure 3, PDSCH, when overlapped within the DMTC, may be modified to reserve some sensing GAP to allow DRS perform short LBT for channel accessing. The reserved sensing GAP interval may be configured as 25us to fit short LBT mechanism. 
Proposal 3: When PDSCH and DRS are multiplexed within a same subframe, the blocking issue of PDSCH with DRS of one cell to the DRS LBT of neighbouring intra-operator cells needs to be well studied. To solve such issue, the sensing GAP reservation at the end of each subframe of PDSCH in the DMTC can be considered.
3. Conclusions 
In this contribution, we present considerations on discontinuous transmission mechanism of LAA DRS subjected to the LBT, including the issue of multiplexing DRS and PDSCH in a same subframe, and the DRS signal design on the LAA unlicensed band. According to the analysis, some observations and proposals can be obtained.
Observation 1: Although granted with short LBT mechanism, an eNB may not find any transmission opportunities for DRS without PDSCH in the configured DMTC, since LAA is restricted to perform CCA detection only in the 12th and 13th OFDM symbols of a subframe, while WIFI can contend the channel access opportunity at any position.
Proposal 1: The channel access/miss probability for DRS within the configured DMTC should be further investigated.
Proposal 2: For LAA DRS subjected to LBT, it is suggested to allow DRS transmissions outside of the configured DMTC. The other candidate DRS occasions outside DMTC should be well studied to save the power of UE for detection of DRS. 

Proposal 3: When PDSCH and DRS are multiplexed within a same subframe, the blocking issue of PDSCH with DRS of one cell to the DRS LBT of neighbouring intra-operator cells needs to be well studied. To solve such issue, the sensing GAP reservation at the end of each subframe of PDSCH in the DMTC can be considered.
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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)


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





Agreements:


The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)


DRS occasion duration is 12 symbols


NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured


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











