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1. Introduction
The WID for "New Work Item on Licensed-Assisted Access to Unlicensed Spectrum" approved in Malmo [1] introduces the results of the study with regard to DRS as written below:
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The WID continues describing some relevant parts of the Rel-12 DRS, including the DMTC period. However, due to LBT, some consideration needs to be given to the DMTC in LAA. The text mentions the two main options that were identified for the DRS design with LBT:
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In this contribution we discuss about the DRS design for LAA.
2. DRS transmission with LBT
Although an unlicensed carrier may be shared by multiple operators, DRS based measurement is used for RRM measurement as in a licensed carrier. Therefore, for Alt.1, most of the mechanisms employed for Rel-12 DRS can be re-used. In this case, as a UE configured with DRS can monitor only the configured DRS occasion within the DMTC period, if the UE fails to detect PSS/SSS in the first subframe of the configured DRS occasion due to CCA busy, the UE would consider that no DRS is transmitted and would wait and monitor again in the next DMTC period. Since the unreliability of the DRS transmission could impact the accuracy of the RRM measurement, especially under high traffic load, RAN1 should carefully investigate the impact of missing DRSs in the communication.
On the other hand, Alt.2 seems an efficient method to deal with the channel availability problem of the unlicensed band. The DMTC period has a duration of 6 ms, which should be enough to ensure that the LAA cell has at least a chance to contend for the channel, resulting in a lower probability of DRS dropping than with Alt.1. Therefore, we prefer Alt.2.
Proposal 1:

· DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC (Alt.2)

3. Rate-matching for PDSCH within the configured DMTC
For Alt.2, a UE may monitor candidates of DRS occasion within the configured DMTC if the DRS transmission is not indicated for the UE. Therefore, RAN1 needs to study a rate-matching pattern for PDSCH to allow the PDSCH to be multiplexed with the DRS occasion candidates of DRS. We consider two options for the PDSCH rate-matching:
· Option 1: PDSCH is not mapped to the resource elements corresponding to any DRS occasion candidates.
· Option 2: PDSCH is not mapped to the resource elements corresponding to a rate-matching pattern indicated by the DCI scheduling the PDSCH.

With option 1, a UE rate-matches the resource elements corresponding to all DRS occasion candidates for PDSCH scheduled for that UE when the PDSCH is scheduled on the same subframe as the DRS occasion candidate. For this option, the rate-matching can be realized without any indication of actual DRS transmission. However, as shown in Figure 1, since the resource elements corresponding to all DRS occasion candidates are rate-matched for the PDSCH, the resource utilization of the PDSCH transmission will be affected by the existence of wasted resource elements. Especially, if the DRS occasion includes additional signals, e.g. additional SSS or control information such as PLMN ID, the wasted resource elements will become large.
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Figure 1: rate-matching for PDSCH within the configured DMTC (Option 1)

With option 2, a UE rate-matches the resource elements corresponding to a rate-matching pattern indicated by the DCI scheduling the PDSCH for the UE. The rate-matching pattern can correspond exactly to the DRS occasion. Even though this option incurs some extra signalling overhead in the DCI, since the rate-matching for PDSCH can be dynamically indicated in each subframe, only resource elements corresponding to the actually transmitted DRS occasion would be rate-matched. As no resources are wasted with this option, the resource utilization of the PDSCH transmission due to the DRS multiplexing is preserved and not unnecessarily decreased.
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Figure 2: rate-matching for PDSCH within the configured DMTC (Option 2)

As discussed above, there are pros and cons for both option 1 and option 2. In option 1, although the signalling overhead will not be increased for the PDSCH rate-matching, the resource utilization of the PDSCH transmission will decrease due to wasted resource elements. The impact on the resource utilization may be large, especially in the case of a short periodicity of the configured DMTC. Therefore, we slightly prefer option 2, i.e. the PDSCH is not mapped to the resource elements corresponding to a rate-matching pattern indicated by the DCI scheduling the PDSCH.
Proposal 2:

· A PDSCH within the configured DMTC is not mapped to the resource elements corresponding to a rate-matching pattern indicated by the DCI scheduling the PDSCH.
4. Conclusion
In this contribution, we discussed about the DRS design for LAA, and proposed the following:
Proposal 1:

· DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC (Alt.2)

Proposal 2:

· A PDSCH within the configured DMTC is not mapped to the resource elements corresponding to a rate-matching pattern indicated by the DCI scheduling the PDSCH.
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The Rel-12 Discovery Reference Signals (DRS) can be used as a starting point for providing RRM functionality including cell identification. Some modifications on Rel-12 DRS signal and/or transmission/reception may be necessary to support RRM functionality for LAA.








If LBT is applied to DRS transmissions, there will be some instances where the DRS is not able to be transmitted in a periodic manner as in the case of the Rel-12 DRS transmitted on a cell in licensed spectrum. The following two options may then be considered for DRS design for LAA.


1)	Subject to LBT, DRS is transmitted in fixed time position within the configured DMTC


2)	Subject to LBT, DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC


For the second alternative, the number of time positions may be limited with one possibility being a single time position in a subframe. It should be noted that the transmission of DRS within the DMTC does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC if this is beneficial. The two alternatives above are shown in Figure 7.2.1.2-1. 











