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Introduction
In the RAN1#82 meeting, the following working assumption and the following agreement were made [1].
	Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe within a DMTC window, 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 share our views on multiplexing of PDSCH and DRS and details of DRS design related its multiplexing.
Discussions
For PDSCH and DRS transmission within a DMTC window, the following alternatives are considered.
Alt. 1: PDSCH and DRS cannot be multiplexed in subframes other than subframe #0/5.
Alt. 2: PDSCH and DRS can be multiplexed in subframes other than subframe #0/5.
In RAN1#82bis, LBT procedure for a DL transmission burst containing DRS without PDSCH was agreed. More specifically, the DL transmission burst immediately follows a single idle observation interval of at least 25 s, and the total duration of the DL transmission burst cannot be longer than 1 ms. In addition, it was agreed that the signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD. To fulfill these two agreements at the same time, the eNB has to perform LBT for DRS without PDSCH within the single observation interval just before the subframe which contains the DRS. 
The eNB having DL data can perform the Cat.4 LBT scheme followed by a PDSCH transmission burst. The PDSCH transmission burst should be able to carry DRS as well, since DRS is more important than PDSCH from the efficient DL resource management perspective. In this case it is natural to be able to multiplex PDSCH and DRS within a subframe. If that is not allowed, LAA performance is degraded, since the subframe where DRS is transmitted should be fulfilled with reservation signal but not PDSCH. Especially, this may cause approximately 25% overhead in Japan of which regulation does not allow occupying more than 4 ms per transmission burst.
Therefore, PDSCH should be able to be multiplexed with DRS in subframes other than subframe #0/5.
Proposal 1:
· PDSCH should be able to be multiplexed with DRS in subframes other than subframe #0/5.

We can consider the following three options about rate matching for PDSCH/EPDCCH when PDSCH and DRS are multiplexed in subframes other than subframe #0/5 in the email discussion 82b-11 [2].
· Option 1: Signaling for the presence of DRS
· Option 2: No signaling is needed
· Option 2-1: UE blind detection of DRS
· Option 2-2: PDSCH always perform rate matching around DRS within the DMTC window
[bookmark: _GoBack]In option 1, the network indicates to UE whether DRS is present or not in the subframe by signal (e.g. 1 bit in DL grant). Although option 1 can achieve good performance since REs can be efficiently used by PDSCH, signal overhead is increased. In addition, for EPDCCH, it is difficult that the UE knows presence of DRS by DL grant before decoding EPDCCH. In Option 2-1, the UE firstly attempts to detect DRS in the subframe. Then, the UE decodes EPDCCH/PDSCH rate matched around the DRS in the case that the UE succeeds in detection of the DRS. The UE decodes EPDCCH/PDSCH assuming that the DRS and the EPDCCH/PDSCH are not multiplexed in the subframe otherwise. Option 2-1 causes no signal overhead. However, DRS false detection leads to erroneous EPDCCH/PDSCH decoding. In option 2-2, the UE always perform rate matching around DRS within the DMTC windows even when DRS is not transmitted in the subframe. This option can achieve stable performance since success of PDSCH decoding does not depend on DRS false detection probability. Moreover, it is beneficial for CSI-RSRP measurement to perform rate matching around ZP CSI-RS resources configured as DRS in every subframe within DMTC. For example, the network configures that EPDCCH/PDSCH from the eNB is not mapped on the REs in which the neighbor cell transmits NZP CSI-RS for the purpose of accurate CSI-RSRP measurement. In unlicensed band, the eNB cannot know which subframes DRS is transmitted from the neighbor cell since the DRS transmission is subject to LBT. Hence, the eNB always mute these REs within DMTC window so that the UE can measure accurate CSI-RSRP.
Proposal 2:
· All PDSCH/EPDCCH within the DMTC window should perform rate matching around DRS

In the current LTE specifications, SSS sequences haven’t been specified for subframes other than subframe #0/5. The following alternatives can be considered for sequence generation for SSS and CRS/CSI-RS with DRS in subframes within DMTC.
Alt. 1: SSS/CRS/CSI-RS sequences is generated according to the subframe index
Alt. 2: SSS sequences in subframe #0-4 follow Rel-12 SSS sequence for subframe #0 and SSS sequences in subframe #5-9 follow Rel-12 SSS sequence for subframe #5, and CRS/CSI-RS sequence is generated according to the subframe index 
Alt. 3: SSS/CRS/CSI-RS sequences in subframe #0-4 follow Rel-12 SSS/CRS/CSI-RS sequence for subframe #0, SSS/CRS/CSI-RS sequences in subframe #5-9 follow Rel-12 SSS/CRS/CSI-RS sequence for subframe #5 
For neighbor cell RRM measurement, the UE has to attempt blind detection of a neighbor cell using all candidates of sequences in every subframe within DMTC window since the UE doesn’t know the subframe index of DRS from the neighbor cell. For example, if one neighboring cell may transmit DRS within DMTC window, the UE has to detect cell ID by using PSS/SSS. In Alt. 1, the UE has to attempt blind detection of 10 kinds of SSS sequences on top of the cell ID detection, since each of subframe#0 to subframe#9 has its own SSS sequence. Eventually, Alt. 1 requires a large number of attempts for SSS detection. In Alt. 2, the number of attempts of SSS detection decreases to 2, which is the same requirement as in Rel-12 DRS. On the other hand, the UE still has to attempt blind detection of 5 kinds of CRS/CSI-RS sequences. In Alt. 3, the number of attempts of SSS detection is the same as Alt. 2 and CRS/CSI-RS sequence detection is not required, since there is the only one CRS/CSI-RS sequence corresponding to detected SSS sequence. Therefore, from the perspective of the number of attempts of cell detection in neighbor cell RRM measurement procedure, Alt. 3 should be supported for LAA DRS.
In addition, CRS/CSI-RS embedded to PDSCH within DMTC window should also be generated irrespective of the subframe index in order to avoid an exceptional handling for the collision of different sequences between for RRM measurement and for demodulation/CSI measurement. If CRS/CSI-RS sequence for DRS and CRS/CSI-RS sequence not for DRS are different, signalling of presence of DRS is needed for the purpose that the UE knows which sequence is used.
Proposal 3:
· SSS/CRS/CSI-RS sequences within DMTC window should be generated irrespective of the subframe index
· SSS/CRS/CSI-RS sequences in subframe #0-4 should follow Rel-12 SSS/CRS/CSI-RS sequence for subframe #0
· SSS/CRS/CSI-RS sequences in subframe #5-9 should follow Rel-12 SSS/CRS/CSI-RS sequence for subframe #5

Conclusion
In this contribution, we present our views on multiplexing of DRS and PDSCH and propose the following:
Proposal 1:
· PDSCH should be able to be multiplexed with DRS in subframes other than subframe #0/5.
Proposal 2:
· All PDSCH/EPDCCH within the DMTC window should perform rate matching around DRS
Proposal 3:
· SSS/CRS/CSI-RS sequences within DMTC window should be generated irrespective of the subframe index
· SSS/CRS/CSI-RS sequences in subframe #0-4 should follow Rel-12 SSS/CRS/CSI-RS sequence for subframe #0
· SSS/CRS/CSI-RS sequences in subframe #5-9 should follow Rel-12 SSS/CRS/CSI-RS sequence for subframe #5
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