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1. Introduction
In RAN#68, following the close of the study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum (technical report approved in [1]), a work item on LAA [2] was approved to specify DL-only LAA while taking into account some of the UL design. The specification work should follow the recommendations and agreements in the study item phase, and further narrow down the detailed design.
Rel-12 DRS has been used as the starting point to support the RRM measurement. The following regarding DRS design has been agreed in the study item phase:
Agreements: 
· Design targets of LAA DRS includes at least 
· LAA DRS should at least support for RRM measurement 
· Detection of DRS from a cell based on a single DRS occasion 
· Feasibility is for further evaluation 
· Transmission burst containing DRS signals should consist of continuous OFDM symbols 
· FFS: How to realize contiguous OFDM symbol transmission 
Agreements: 
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT
· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS
· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC
· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC 
· Note: The number of different time positions should be restricted 
· Note: One possibility is one time position in the subframe 
· Modifications to Rel-12 DMTC configuration are FFS
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC
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: 
· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC 
· Total sensing period may be greater than one sensing interval referred to in the above 
· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels 
· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x << 1 ms 
· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges 
· The ECCA counter used for LBT category 4 for the PDSCH is frozen during DL transmission burst containing DRS without PDSCH 
In this contribution we discuss the design considerations for DRS.

2. Discussion
The first issue to investigate in terms of DRS design for LAA is whether reusing the existing DRS pattern can allow the UE to perform the measurement based on a single DRS occasion with sufficient accuracy. RAN4 has defined the minimum requirements on the time that takes the UE to identify a cell and the accuracy for the RSRP/RSRQ measurements. Take the case of “E-UTRAN FDD – FDD inter frequency measurements when no DRX is used” as an example (requirements defined in TS 36.133 section 8.6.2.2.1.1). The measurement is assumed to be taken across the period of TMeasurement_Period _intra_FDD_CRS, which corresponds to at least 5 DRS occasions for measurement bandwidth of 6 PRBs and up, or at least 3 DRS occasions for measurement bandwidth of 25 PRBs and up. The DRS occasion duration is assumed to be 1 ms or more. (Note that PSS/SSS detection has been assumed to be based on a single occasion, and this is not changed in LAA.)
A natural starting point for RRM measurement requirements for LAA cells is to match those for LTE cells. The legacy requirements that assume averaging across multiple DRS occasions can be somewhat translated into either larger measurement bandwidth or denser RS or both in a single DRS occasion. Since the minimum bandwidth supported by LAA is 5MHz (25 PRBs), it would need at least 3 times measurement bandwidth to match the existing requirements, but such a large bandwidth is not always available. If we use the requirements for the measurement bandwidth of 6 PRBs as the baseline, it can be translated into 5*6 = 30 MHz, which can be satisfied by LAA to a large extent (only 20% more than the minimum 5 MHz bandwidth).  This suggests that the accuracy in LAA using the full bandwidth could be potentially close to that for the 1.4 MHz bandwidth system. However, since for LAA, the single-shot measurement has the averaging only in the frequency domain but not the time domain, it does not average out the interference variation in time. So the accuracy may not be as good.
Observation 1: The accuracy of the RRM measurement based on a single DRS occasion using the Rel-12 DRS pattern is unlikely to meet the existing requirements.

If the existing requirements cannot be met, there are basically two ways:
· Relax the requirements on RRM measurement
· Whether this can be allowed would need RAN4 input.
· Use a denser RS pattern to satisfy the requirements
· The density can be increased either in time domain or frequency domain or spatial domain (more antenna ports).

Observation 2: Either the requirements on RRM measurement need to be relaxed, or a denser CRS/CSI-RS pattern is needed.

Under the condition that the RRM measurement requirements can be satisfied, it is also desirable to have a shorter DRS occasion duration, due to the following reasons:
· Less overhead, especially when there is difficulty in multiplexing DRS and data in the same subframe
· A longer DRS pattern may be subject to a more stringent LBT requirement. A relaxed LBT scheme using a single idle sensing interval has been agreed for DRS when a DRS occasion is less than 1 ms, but this may not be applicable when a DRS occasion is longer considering the potential impact on coexistence performance.
In this sense, it would be good to keep a DRS occasion no longer than 1 ms.
Observation 3: It is desirable to have a short DRS occasion duration (e.g. 1 ms), as long as the RRM measurement requirements can be satisfied.

It was also recognized that the transmission burst containing DRS signals should consist of continuous OFDM symbols, in order to prevent other nodes from grabbing the channel in any empty OFDM symbols within the transmission burst. There are two alternatives to achieve this:
· Alt 1: reuse the existing DRS pattern, and fill the empty OFDM symbols within the DRS pattern with either regular data transmission or some other signal. This assumes that the RRM measurement requirements can be relaxed.
· Note that there may not be a need to define what other signal is transmitted when there is no data transmission. This may be left to the eNB implementation.
· Advantages
· No new DRS pattern
· The existing DRS pattern fits with data transmission, meaning that DRS and data can be transmitted in the same subframe without any modification. Thus, no specficiation change is needed. (This would also apply if the DRS pattern is simply extended to include e.g. CRS port 1.) Note that due to the regulatory requirements, the DRS occasion may be configured no longer than 4ms in Japan.  
· Disadvantage
· Each DRS occasion could last 1 to 5 ms in Rel-12 for TDD.  It would result in a significant amount of resource waste when there is no data transmission to fill all the OFDM symbols within the DRS pattern. For example, if the DRS period is configured as 40ms and the DRS occasion is configured as 5ms, the overhead could be as high as 12.5% (5ms/40ms).
· Alt 2: modify the DRS pattern so that DRS itself occupies continuous OFDM symbols. Since the DRS pattern would be modified, we call it unlicensed DRS (U-DRS) to differentiate from Rel-12 DRS.
· Advantage
· Each U-DRS occasion is shorter compared to Alt 1, and it is more efficient in resource utilization.
· Disadvantages
· More specification impact with the U-DRS design. Rel-12 DRS consists of PSS/SSS/CRS and optionally CSI-RS. Note that if the U-DRS is to be used for channel and interference measurement in addition to RRM measurement, the U-DRS design may need to consider CRS, CSI-RS and CSI-IM.
· The U-DRS pattern may need to take into account the coordination with PCI. Nearby cells with different PCIs may be required not to have the exactly same U-DRS pattern to avoid degrading the detection performance of U-DRS. Note that with the existing DRS pattern, nearby cells with different PCIs may have different frequency shift of their CRS for better measurement performance of DRS. With the shortened U-DRS pattern, there may not be enough room for frequency shift and time domain shift may be needed.
· The U-DRS pattern would not naturally fit together with data transmission into the same subframe. An easy approach is not to allow the multiplexing of U-DRS and data, which would waste some resources. If the overhead is considered as too large and the multiplexing of U-DRS and data needs to be supported, there are two alternatives:
· Alt A: Using the U-DRS for channel estimation purpose, and all the remaining resource elements (RE) in the subframes during U-DRS occasion is filled with regular data transmission. In this alternative, the RE that was used to transmit CRS/CSI-RS/CSI-IMs outside shortened U-DRS pattern will be used for data transmission. 
· Alt B: In addition to the CRS/CSI-RS/CSI-IM transmitted in the shortened U-DRS pattern, the CRS/CSI-RS/CSI-IMs in the current regular data transmission are still transmitted. 
· Compared with Alt B, Alt A can transmit more data bits within the same subframe. But the channel estimation performance under Alt A may be worse due to the compact pattern of CRS/CSI-RS/CSI-IM. Compared with current DRS pattern, Alt B has less number of REs for regular data transmission. A tradeoff can be made between Alt A and B in terms of the channel estimation performance and the resource utilization for data transmission.
· Both Alt A and Alt B may require a new transport block table, which could be considered together with the new transport block table designed for partial subframe.
· Both Alt A and Alt B may require modification of the DCI format designed, e.g. by adding one bit to indicate whether this subframe has U-DRS or not.
· For both Alt A and Alt B, UE may need to support detecting U-DRS at different location in time domain due to the potential shift of U-DRS pattern in time domain.
In both Alt 1 and Alt 2, a reservation signal may need to be sent after (e)CCA succeeds if U-DRS only starts at some pre-defined fixed locations. However, the transmission of the reservation signal may or may not need to be specified.
From the analysis, we can see that Alt 1 has significantly less specification but larger overhead when U-DRS is sent alone. On the other hand, Alt 2 reduces the overhead for U-DRS-only transmission at the expense of more specification impact and some performance degradation when U-DRS is transmitted together with data.
These two alternatives should be investigated further.


To increase the probability for DRS to be sent, the following has been agreed as two options for DRS on LAA carrier:
· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS
· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC
· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC 

Between the two options, Alt 2 provides higher chance for the eNB to transmit DRS because there are multiple opportunities available, and for the UE to measure the cell. The DRS transmission on a regular basis is certainly essential for effective RRM measurement. In addition, it can potentially serve many other purposes such as time and frequency synchronization, and CSI measurement. So it is important to increase the chance that DRS can be transmitted. From the UE perspective, the UE would need to detect for DRS in multiple locations which involves additional complexity. However, given that DRS can serve a very important role for LAA operation, Alt2 is preferred.
Proposal 1: DRS is allowed to be transmitted subject to LBT in at least one of the different time positions within the configured DMTC (Alt2).

3. Conclusion
In this contribution, we have discussed RRM measurement for LAA and proposed the following:
Observation 1: The accuracy of the RRM measurement based on a single DRS occasion using the Rel-12 DRS pattern is unlikely to meet the existing requirements.
Observation 2: Either the requirements on RRM measurement need to be relaxed, or a denser CRS/CSI-RS pattern is needed.
Observation 3: It is desirable to have a short DRS occasion duration (e.g. 1 ms), as long as the RRM measurement requirements can be satisfied.
Proposal 1: U-DRS is allowed to be transmitted subject to LBT in at least one of the different time positions within the configured DMTC (Alt2).
In addition, we discussed the options of keeping the Rel-12 DRS pattern or designing a new DRS pattern, and analyzed the pros and cons.
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