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1
Introduction
In this document, we discuss the assumptions the UE can make on the number of CRS ports while performing RRM measurements for neighbour cells.
2
UE assumption of CRS ports
From Section 6.11A in 36.211, we note that the UE can only assume port 0 CRS transmission in the DRS subframes. 

A discovery signal occasion for a cell consists of a period with a duration of

-
one to five consecutive subframes for frame structure type 1

-
two to five consecutive subframes for frame structure type 2
-
12 OFDM symbols within one non-empty subframe for frame structure type 3
where the UE in the downlink subframes may assume presence of a discovery signal consisting of

-
cell-specific reference signals on antenna port 0 in all downlink subframes and in DwPTS of all special subframes in the period, 

-
primary synchronization signal in the first subframe of the period for frame structure types 1 and 3 or the second subframe of the period for frame structure type 2,

-
secondary synchronization signal in the first subframe of the period, and

-
non-zero-power CSI reference signals in zero or more subframes in the period. The configuration of non-zero-power CSI reference signals part of the discovery signal is obtained as described in clause 6.10.5.2

For frame structures 1 and 2 the UE may assume a discovery signal occasion once every dmtc-Periodicity.
For frame structure type 3, the UE may assume a discovery signal occasion may occur in any subframe within the discovery signals measurement timing configuration in clause 5.5.2.10 of [9].
For frame structure type 3, simultaneous transmission of a discovery signal and PDSCH/PDCCH/EPDCCH may occur in subframes 0 and 5 only.
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Assumptions on the number of CRS ports for DRS in LAA
One of the objectives of the LAA design is to enable RRM measurement of a cell based on a single observation instance of the DRS. 

As per the current LAA agreement, the UE may assume that DRS contains only port 0 CRS transmission to achieve this objective. This agreement is carried over from the Rel-12 DRS design in LTE. However, due to the transmit power constraints for operating in the unlicensed spectrum and per MHz PSD constraint applicable to LAA based on regulatory requirements, we note that using only port 0 for transmission might not be the most efficient design to enable RRM measurements based on a single DRS instance. 

The eNB has several options to transmit at the maximum possible power in the unlicensed spectrum to maximize the discoverability of the cell.
1. Power boost CRS port 0 by 6 times or 7.8dB
2. Transmit additional CRS ports (port 1 or port 1 + port 2 + port 3) and power boost each port by 4.8dB
Alternatively, the eNB has to occupy the tones with signals that cannot be utilized at the UE which is not efficient from both the eNB and the UE perspective. 
It may not be always possible for the eNB to power boost CRS port 0 by 7.8dB due to PA limitation. If the UE can always assume the transmission of CRS port 1 in addition to CRS port 0, this information can be used to significantly improve RRM measurements compared to when using only CRS port 0. 
3.1
CRS ports assumption for transmission detection

Furthermore, for the purpose of transmission detection from a cell using CRS ports, the following agreements were made in RAN1#82bis.
“R1-156359
WF on LAA DL tx detection
Samsung
Agreements:
· UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT
· Note: “UE may” implies no intention to specify explicit UE procedure related to detecting tx burst according to the above”
Even for transmission detection, for an eNB transmitting using at least 2 ports, CRS ports 0 and 1 can be assumed by the UE. Due to the presence of asynchronous cells from possibly different PLMNs operating on the same channel, the UE may not know beforehand if it uses the DRS subframes or the regular subframes containing PDSCH for neighbour cells. Even in this scenario, the current agreement specifies that the UE can assume 2 port CRS transmission for the purpose of detecting transmission in a subframe. 
3.2
CRS port assumptions by the UE for DRS only transmission in subframes 0 and 5 vs. in subframes other than 0 and 5

For the scenario in which eNB transmits DRS without PDSCH (12 symbol duration) in subframe 0 or 5 with no other transmissions immediately before or after, the UE has the following ambiguity for the purpose of RRM measurements.
1. Subframe 0 (or 5) is DRS without PDSCH transmission 12 symbols long and contains only CRS port 0
2. Subframe 0 (or 5) is DRS with PDSCH transmission and is 14 symbols long and contains CRS port 0 + CRS port 1 (assuming eNB has two antenna ports). 
In this scenario, the following needs to be additionally clarified

1. Can the UE assume the presence of common PDCCH in subframes 0 and 5 containing DRS only without PDSCH?

2. If the above question is answered in the positive, what are the UE assumptions for processing the common PDCCH?
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Proposal  

To enhance the UE’s ability to perform RRM measurements using a single observation, to be consistent with the assumptions for transmission detection at the UE and ensure consistency for DRS only transmission detection without PDSCH when in subframes 0 or 5 we propose that
1. For the serving cell, in subframes 0 and 5, UE assumes all the CRS ports as indicated by the SCell configuration are present

2. For the serving cell, in subframes other than 0 and 5, UE assumes CRS port 0 + CRS port 1 are present, when higher layers indicate the presence of at least two CRS ports, else UE assumes only CRS port 0.

3. For the purpose of neighbor cell measurement, UE may assume CRS port 0 + CRS port 1 transmission in DRS when parameter presenceAntennaPort1 is indicated to be 1 by higher layers and only CRS port 0 otherwise.
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