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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 RAN1#82, it has been further agreed that:
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
In this contribution we discuss the design considerations for DRS.

2. Discussion

DRS LBT details
It was agreed that a single idle sensing interval allows the transmission of DRS without PDSCH. Given the decision made on the slot size for the channel access for PDSCH, it is natural that we follow the same slot size and give DRS the highest priority. This means that a sensing interval of 25us (16us followed by one CCA slot of 9us) is used for DRS.
Proposal 1: A sensing interval of 25us is adopted for DRS without PDSCH.

An open issue is whether the eNB should sense the channel right before the DRS transmission, or it is allowed to sense the channel earlier. If the sensing is required to be done right before the DRS transmission, it is similar to the FBE operation, and it would automatically enable frequency reuse 1 for DRS transmissions from multiple synchronized eNBs. Frequency reuse 1 for DRS reduces the overhead from DRS transmissions, but it may not always be desirable because it can result in a very different interference environment from what is observed by PDSCH transmission. This would affect the accuracy of RSRQ measurement, and CSI measurement if it is supported by DRS. It would also affect the cell detection probability and tracking performance due to strong interference. To alleviate this issue, some randomness should be allowed in the sensing time in each eNB. This can be achieved by allowing the eNB to send a reservation signal with a length of no more than x ms before the DRS transmission, which effectively allows the eNB to start sensing some time earlier. To minimize the overhead from the reservation signal, x should be restricted to a small value, e.g. a few OFDM symbols.
Proposal 2: A reservation signal with a length of up to x ms can be sent be the eNB before the DRS transmission, where x is a small value, e.g. 2 or 3 OFDM symbols. The reservation signal is unspecified and left to eNB implementation.

It has been agreed that subject to LBT, DRS without PDSCH is allowed to be transmitted in one of different time positions within the configured DMTC when the DRS duration is less than 1ms. Generally speaking it is preferable to keep the measurement gap length of 6 ms in Rel-12. In this case, all the different time positions for DRS should span no more than 6 ms. Assuming the minimum distance between different time positions is 1 ms, there would be a maximum of 6 time positions to transmit DRS. If we would like to avoid the simultaneous transmissions of DRS from eNBs within sensing range, this number may or may not be sufficient depending on the LAA cell density. One way to address this issue is to design a more compact DRS pattern so that more than one DRS occasion can fit into 1 ms. But this may not be an immediate issue because it would only be a potential problem in a very dense deployment scenario.

DRS design and the implications
DRS pattern is one major issue to be investigated, and one of the main goals is to understand what DRS pattern(s) would be able to satisfy the RRM measurement requirements. Under the condition that the RRM measurement requirements can be satisfied, it is 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.
So it would be good to keep a DRS occasion no longer than 1 ms.
Observation 1: It is desirable to have a short DRS occasion duration (e.g. 1 ms), as long as the RRM measurement requirements can be satisfied.
The following discussion assumes a DRS occasion of no more than 1 ms.

It is generally expected the DRS pattern would at least include PSS/SSS, and it was agreed that DRS can be transmitted in subframes other than #0 and #5. The immediate implication is that the blind detection of PSS/SSS can no longer be used to obtain the subframe index. This should not be an issue for LAA because there is always a licensed carrier that can be used to get the subframe index.
Observation 2: There is no need to signal the subframe index together with DRS in Rel-13.

Multiplexing of DRS and PDSCH
Given that the periodic transmission of PSS/SSS in SFs #0 and #5 can no longer be guaranteed on LAA SCell, the significance of SFs #0 and #5 most likely does not exist any more. Whether the multiplexing of DRS and PDSCH on a subframe can be easily supported or not really depends on whether the UE knows the presence of PSS/SSS and any other RS signals (such as CRS, CSI-RS, and the remaining part of DRS). Given that the one-shot detection of the presence of DRS should be supported, the UE should have the capability to detect the presence of DRS and make the correct rate matching without explicit signalling. But of course there would be some error probability associated with the DRS detection, which could be higher than DCI error probability which can carry the indication explicitly.
If the existing DRS pattern is directly reused, the multiplexing of DRS and PDSCH would occur in the same way as the transmissions in SF #0 and #5 on licensed carriers.
If the existing DRS pattern plus additional signals (e.g. repeated PSS/SSS, denser CRS) are used, the PDSCH should perform additional rate matching around the added signals (to avoid excessive puncturing) but otherwise unaffected.
In the above two cases, all the UE needs to know is the presence of DRS.
If a new DRS pattern is introduced (e.g. a compact pattern by removing the empty OFDM symbols in between), the multiplexing could be more complicated depending on whether channel estimation and CSI measurement would be affected.
· The simpler alternative is to continue to transmit CRS/CSI-RS/CSI-IM as in a regular subframe, in addition to DRS transmission. This would not affect the channel estimation and CSI measurement at the UE, but it can incur significant amount of overhead due to the additional rate matching around all the REs for DRS. There could also be potential conflict between the new DRS pattern and the CRS/CSI-RS/CSI-IM in a regular subframe depending on the pattern design.
· Another alternative is to reuse DRS for channel estimation and CSI measurement, and all the remaining REs in the subframe is filled with PDSCH. But this could result in worse channel estimation because of the compact pattern, and additional UE complexity.

Proposal 3: To support the multiplexing of DRS and PDSCH, consider using one bit in DCI to indicate the presence of DRS.

Another issue that may be worthwhile to re-visit is whether to allow the multiplexing of DRS and PDSCH while still using the LBT mechanism for DRS. This would be especially relevant if a DRS occasion is 1 ms. If a DRS transmission lasts 1 ms and multiplexing PDSCH with DRS does not result in longer transmission burst, there seems to be no reason to prohibit it because it would allow better efficiency. The key would be to ensure the transmission burst length would be kept the same or similar.


3. Conclusion
In this contribution, we have discussed DRS design for LAA and proposed the following:
Proposal 1: A sensing interval of 25us is adopted for DRS without PDSCH.
Proposal 2: A reservation signal with a length of up to x ms can be sent be the eNB before the DRS transmission, where x is a small value, e.g. 2 or 3 OFDM symbols. The reservation signal is unspecified and left to eNB implementation.
Observation 1: It is desirable to have a short DRS occasion duration (e.g. 1 ms), as long as the RRM measurement requirements can be satisfied.
Observation 2: There is no need to signal the subframe index together with DRS in Rel-13.
Proposal 3: To support the multiplexing of DRS and PDSCH, consider using one bit in DCI to indicate the presence of DRS.
In addition, it may be worthwhile to re-visit whether to allow the multiplexing of DRS and PDSCH while using the LBT mechanism for DRS if the transmission burst length is kept the same or similar.
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