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In RAN1#81[1] and RAN1#82[2], the issues related to DRS design on unlicensed carrier are discussed, and the agreements are as following:

Agreements:
· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion
· Note that at least LAA carrier bandwidth below 5 MHz is not supported

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

In this contribution, we focus on the DRS design for the case where the duration of the signal in DRS is 1ms. Meanwhile, we also discuss the channel access scheme for multi-cell DRS multiplexing.
Discussion
DRS pattern 
In R12, DRS is introduced to cope with the dense deployment and small cell on/off. Legacy DRS contains CRS, PSS/SSS and CSI-RS if configured. The legacy CRS occupies symbol 0, 1, 4 in both time slots. Symbol 1 may also be blank for legacy DRS, but we can insert CRS for enhancement. The legacy CSI-RS occupies symbol 5, 6 in the first time slot and symbol 2, 3, 5, 6 in the second time slot. The symbols occupied by PSS/SSS may coincide with that of CSI-RS, and if that happens, CSI-RS will be punctured. The legacy DRS can provide accurate RRM measurement by CRS when neighboring cells are not synchronized, and if inter-cell coordination and synchronization can be guaranteed, CSI-RS can provide better RRM measurement result.
For transmission on the unlicensed carrier, a node needs to listen to the channel at first. When the listened idle interval satisfies a predefined requirement, transmission can occur. It has been agreed that RRM measurement on unlicensed carrier will be supported. If legacy DRS only transmission is adopted on the unlicensed carrier, symbol 2 and 3 in the first time slot will be blank. If another node is listening to the channel at the same time, it may judge that the channel is idle, and may start transmission immediately. The channel grabbing by another node will cause interference to the original DRS transmission or even disable it if channel sensing is performed at the middle of the DRS subframe. As a result, the LAA DRS should occupy time domain continuous symbols.
Two candidates can be considered to fill in symbol 2 and 3:
· Option 1: CRS.
· Option 2: CSI-RS.
The sequences of CRS and CSI-RS are all gold sequences. The difference between them is that CSI-RS sequence can be configured scrambled by UE-specific cell id, which can be used to differentiate TPs with the same cell id. CRS is scrambled with cell id, and it can only differentiate cells. 
The time and frequency resources allocated to CRS are related to the cell id, while there is no such restriction for CSI-RS time and frequency resource allocation, which can provide more flexibility for inter-cell interference mitigation. 
During the discussion on small cell discovery in R12, RRM measurement accuracy by a single antenna port CSI-RS is proved to be worse than that by a single antenna port CRS. The main reason is that the sparse density of CSI-RS. If all the REs of eight CSI-RS antenna ports can be used for RRM measurement, the RS density as well as the measurement accuracy can be comparable to that of CRS, which can enable one-shot measurement. If symbol 2 and 3 in the first time slot is filled with CSI-RS as in Option 2, the available REs for CSI-RS can be improved, and more configurations with 8 REs per configuration can be used for inter-cell interference avoided RRM measurement.
Currently, NZP CSI-RS is used to configure the specific resources for measurement, and ZP CSI-RS is used for inter-cell interference avoidance. If more REs can be allocated to CSI-RS, the signaling overhead of NZP CSI-RS and ZP CSI-RS configuration can be kept at the same level with more REs indicated by a single configuration.
Proposal 1: Support DRS enhancement with symbol 2 and 3 filled with CSI-RS to occupy time domain continuous symbols.
DRS channel access scheme 
In legacy releases, DRS of multiple intra-frequency cells are organized within a single DMTC to ease UE detection. The DRS duration within the DMTC can last from 1 to 5 subframes. So there will be at least two cells whose DRS are located within a single subframe or neighboring subframes. For multi-cell DRS transmission on unlicensed carrier, similar features are desirable for UE power consumption reduction. However, according to previous agreement, a single idle sensing interval should be identified before DRS transmission. For example, as shown in Fig 1, if cell 0 occupies the first subframe of the DRS duration, and cell 1 occupies the second subframe, then cell 1 should perform channel sensing before transmission on the second subframe. Meanwhile, if cell 2 also occupies the second subframe, then cell 2 also needs to perform channel sensing first, and the sensing starting time of cell 1 and cell 2 may be different. 


Fig 1. Channel sensing for multi-cell DRS multiplexing
If only energy detection is performed before DRS transmission on the second subframe for cell 1 and cell 2, the channel may be sensed as busy due to DRS transmission of cell 0, which blocks the DRS transmission in the second subframe. If the DRS transmitted in the first subframe can be identified as the same operator, DRS transmission on the second subframe can occur with intra-operator inter-cell coordination. Meanwhile, if reservation signal transmitted before the subframe boundary can also provide operator identification, then cell 1 and cell 2 can also perform DRS transmission on the second subframe simultaneously.
Proposal 2: Consider operator identification by reservation signal and DRS to enable intra-operator multi-cell DRS multiplexing.
Conclusions
In this contribution, we discussed the DRS pattern design for unlicensed carrier operation and issues related to multi-cell DRS multiplexing, and our proposals are as following:
Proposal 1: Support DRS enhancement with symbol 2 and 3 filled with CSI-RS to occupy time domain continuous symbols.
Proposal 2: Consider operator identification by reservation signal and DRS to enable intra-operator multi-cell DRS multiplexing.
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