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1 Introduction
In 3GPP RAN1 #82bis and #82 meeting, some further agreements related to LAA DRS design and transmission were reached as follows [1,2],
RAN1 #82bis 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
RAN1 #82 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,

· 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

RAN1 #82 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 

In this contribution, we present our views on above remaining DRS issues and then give the preferred schemes.
2 LAA DRS design
2.1 SSS/CRS sequence generation
There are two options for SSS sequence generation in DRS. With option 1, SSS sequence for DRS can follow SSS sequence for subframe #0 in Rel-12 when it is transmitted in subframe #0~4, and SSS sequence for subframe #5 in Rel-12 when it is transmitted in subframe #5~9. With option 2, SSS sequence for DRS is generated according to the subframe index of DRS. Considering RAN1 #83 is the last RAN1 meeting during Rel-13 LAA WI phase, we prefer option 1 as the generation scheme for SSS sequence in DRS in Rel-13. In addition, CRS sequence for DRS is generated according to the subframe index of DRS. 
Proposal 1:  SSS sequence for LAA DRS in subframe #0~4 and in subframe #5~9 can follow SSS sequence for subframe #0 and subframe #5 in Rel-12, respectively. CRS sequence for DRS is generated according to the subframe index of DRS. 
2.2 DRS transmission configuration
The duration of Rel-12 DRS occasion (i.e. ds-OccasionDuration) can be configured as one/two subframes to five subframes, which is common for all cells transmitting DRS on one frequency. A larger value of ds-OccasionDuration can guarantee a sufficient performance in cell identification/detection as well as RRM measurement accuracy. For LAA, The DRS occasion duration is a fixed value that equals to 12 OFDM symbols as agreed in RAN1 #82bis meeting. From the simulation results of our companion and some other companies’ contribution [3-5], we can find the performance of one-shot DRS detection and RRM measurement is not quite good, especially in the hidden nodes or DRS collision scenarios. Furthermore, so far we have not ruled out measurement on 6 PRBs only, which has a high requirement on one-shot DRS detection and RRM measurement.
Therefore, we suggest that one or more LAA DRS occasions can be configured within DMTC window to guarantee/improve the performance of DRS detection and RRM measurement. The duration of DRS occasion and CCA period (and possible initial signal) can be set to one subframe. Hence, up to five or six DRS occasions can be configured within one 6ms DMTC window. The configured number of DRS occasions is the maximum number of DRS occasions that the eNB would transmit during the length of DMTC window subjected to LBT, as shown in Figure 1. We can reuse ds-OccasionDuration in Rel-12 or define a new RRC parameter “DRS-OccasionNum” to represent the configured number of DRS occasions. 

[image: image1.emf]DMTC periodicity

DMTC 

period offset

DMTC occasion

DRS occasion

DMTC 

period offset

DMTC occasion

LBT fail


Figure 1 DRS transmission configuration (DRS-OccasionNum = 3)

Proposal 2: Multiple DRS occasions can be transmitted within the DMTC to improve the performance of DRS detection and RRM measurement. The parameter ds-OccasionDuration in Rel-12 can be reused, or a new RRC parameter “DRS-OccasionNum” can be defined to indicate the maximum number of DRS occasions. 
2.3 The multiplexing of DRS and PDSCH
To solve rate matching problem caused by the uncertainty of LAA DRS transmission, in last RAN1 meeting some companies proposed two possible solutions [6][7]. The option 1 is that PDSCH is not mapped to the REs corresponding to any potential DRS occasion candidates, regardless whether or not the DRS is actually transmitted. The option 2 is that eNB may indicate by the DCI signalling whether the LAA DRS is actually transmitted or not, and PDSCH is not mapped to the REs corresponding to the DRS occasion candidates if DRS is transmitted on it. Compared with option 1, option 2 incurs extra DCI signalling and additional decoding step in PDSCH reception. Therefore, we prefer option 1 (option 2-2 in 82b-11 email discussion) although the resource utilization of PDSCH transmission in option 1 will decrease due to wasted resource elements.
Considering both option1 and option2 have their own disadvantages, we can consider an improved scheme without extra DCI signalling and serious resource waste. In this scheme, only some specific DRS occasion candidate(s) in DL TX burst can be used to transmit DRS, and the other DRS occasion candidates in DL TX burst cannot be used to transmit DRS. In other words, PDSCH rate matching with respect to DRS is performed only in these specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, and/or subframe 0/5 if subframe 0/5 is DRS occasion candidates. Take the first DRS occasion candidate in DL TX burst as an example, UE assumes the PDSCH rate matching with respect to DRS is always performed in the first DRS occasion candidate as shown in Figure 2. 
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Figure 2 Rate-matching for the multiplexing of PDSCH and LAA DRS
Proposal 3:  PDSCH rate-matching with respect to DRS is performed only in the specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, or subframe 0/5 if subframe 0/5 is DRS occasion candidates.
2.4 CRS/CSI-RS power variation

Note that there were agreement and working assumption regarding power variation in RAN1#82bis meeting:

· UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC

· UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe of DL transmission burst, and the UE should not assume that the CRS and CSI-RS transmission power is the same across transmission bursts

Currently, the power of CRS/CSI-RS is configured by RRC. The eNB can adjust the power of CRS/CSI-RS semi-statically. For LAA, it is the simplest and the most efficient way to reuse current scheme (i.e., RRC signaling). A UE can know the power of CRS/CSI-RS of neighbor bursts via RRC signaling. It is unnecessary to introduce dynamic signaling to indicate the power variation of CRS/CSI-RS.
Nevertheless, the power of CRS/CSI-RS in DL transmission burst and the power of CRS/CSI-RS in DRS may not equal according to above agreements. When UE performs RRM measurement based on CRS/CSI-RS in DL transmission burst within the DMTC, the accuracy and performance of measurement is impacted. Therefore, we suggest the CRS/CSI-RS transmission in each subframe of DL transmission burst has a same power as CRS/CSI-RS in DRS when the DL transmission burst was overlapped with the DMTC.
Proposal 4:  The CRS/CSI-RS transmission in each subframe of DL transmission burst has a same power as CRS/CSI-RS in DRS when the DL transmission burst is overlapped with the DMTC.
3 Conclusion 
In this contribution, we present our views on LAA DRS design and have the following proposals:
Proposal 1:  SSS sequence for LAA DRS in subframe #0~4 and in subframe #5~9 can follow SSS sequence for subframe #0 and subframe #5 in Rel-12, respectively. CRS sequence for DRS is generated according to the subframe index of DRS.
Proposal 2: Multiple DRS occasions can be transmitted within the DMTC to improve the performance of DRS detection and RRM measurement. The parameter ds-OccasionDuration in Rel-12 can be reused, or a new RRC parameter “DRS-OccasionNum” can be defined to indicate the maximum number of DRS occasions.
Proposal 3:  PDSCH rate-matching with respect to DRS is performed only in the specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, or subframe 0/5 if subframe 0/5 is DRS occasion candidates.
Proposal 4:  The CRS/CSI-RS transmission in each subframe of DL transmission burst has a same power as CRS/CSI-RS in DRS when the DL transmission burst is overlapped with the DMTC.
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