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1 Introduction
The Companion Discovery Signal (CDS) design has been described in [1]. How this DS solution can be used for small cell on/off and other application cases has been described in [2] and [3]. 
This document gives an overview about the impacts on the specifications, the network and UE when using CDS for Small Cell Discovery. 
2 Considerations about CDS
2.1 Requirement for CDS based discovery
In order that CDS-based small cell discovery can work, it is required that the small cells transmit synchronously within one cluster
2.2 Brief description of CDS based discovery

In this section, the basic principles of small cell discovery and CDS based RRM measurements are summarized. 
· CDS is introduced as an extension of the PSS/SSS [1]
· The CDS consists of orthogonal sequences that are transmitted on the undefined REs next to PSS/SSS [5]

· Because the undefined REs are used for CDS transmission, there is no impact on legacy signals/channels and there is also no impact on legacy UE PSS/SSS detection performance [6]
· Each small cell transmits its CDS. The transmission pattern in time-, frequency- and code domain is configurable [2], [3]. 

· During one PSS/SSS sub-frame, i.e. one CDS transmission occasion, up to 10 cells may transmit CDS simultaneously by using different codes and choosing the upper or lower region of undefined REs [1].

· If more than 10 cells shall be distinguished, time-multiplexing is applied [2] 
· In [3] it is shown that patterns can be defined such that intra-frequency as well as inter-frequency measurements for any legacy UE measurement gap configuration are supported
· The same pattern is then transmitted regardless the ON/OFF state of the small cell
· A small cell is identified by appropriate timing information of the sequence transmission (e.g. frame or sub-frame number) and the sequence number. This identifier is denoted the CDSI [2]    

· UE is performing cell detection and RRM measurements on the CDS
· In case of inter-frequency measurements
· UE acquires cluster frame synchronisation with help of legacy PSS/SSS cell search. 
· The UE learns the transmission pattern of the target small cell cluster (for example through received  information from the serving cell)
· UE reports RSRP(s)/RSRQ(s) along with the CDSI(s) of the reported cell(s).
2.3 Performance

The detection performance of the CDS has been evaluated in [1] and is included in [7]. UEs can detect CDS via a very simple detector, even without the need of channel estimates [6]. In the same reference document it is also explained that the detector can be realized in software [6]. 

Furthermore, in [8] it has been shown that the CDS can be used for RRM measurements. 
To summarize:
· Very good detection performance [3],[7]
· RRM measurement performance for RSRP is shown in [8]
· The detailed requirements are FFS

2.4 Specification impacts

In this section CDS  impacts on the specifications are pointed out: 
· Time/Frequency resources of the undefined REs are specified for the CDS transmission
· Definition of the orthogonal CDS sequences and if they are used for DS transmission or noise estimation 
· The introduction of CDS does neither affect already standardized signals and channels nor the performance of legacy UEs.

· Specification of a set of possible CDS transmission patterns

· Defining a mechanism how the UE is informed about a selected CDS transmission pattern. 
· The configuration for the UE of the CDS-based RSRQ/RSRQ measurement and reporting has to be specified
· RRM measurement performance requirement based on CDS is needed
· UE derives CDSI from the detected sequence and its transmission time occasions 
Observation 1: The undefined REs next to PSS/SSS are defined for CDS transmission 

Observation 2: The orthogonal CDS sequences are specified and if they are used for noise estimation
Observation 3: A set of possible CDS patterns is defined. It is useful to have different sets of patterns in order to adapt for different maximum numbers of detectable cells.

Observation 4: A measurement report for CDS-based RSRP/RSRQ is defined 

Observation 5: Mechanism is specified that the UE gets to know the chosen transmission pattern 
2.5 Network implementation impacts

The network impacts are listed below:
· Planning of CDS transmission resources

· Using the undefined REs has no impact on legacy UEs and existing channels and signals [5]
· With time-multiplexed CDS transmission, a large number of detectable cells can be supported.

· With appropriate patterns, both intra- and inter-frequency measurements are supported for any legacy UE measurement gap configuration.

· CDS-based discovery is feasible also when no synchronisation information is exchanged between layers. 
Observation 6: With time-multiplexed CDS transmission, a large number of detectable cells can be supported.

Observation 7: With appropriate patterns, both intra- and inter-frequency measurements are supported for any legacy UE measurement gap configuration.

Observation 8: CDS-based discovery is feasible also when no synchronisation information is exchanged between layers 

2.6 UE impacts

The UE impacts are listed below:
· Cell detection based on CDS with a very simple receiver
· RRM measurement and reporting based on CDS
Observation 9: A very simple receiver can be used for CDS based discovery

Observation 10: UE perform CDS based RRMs measurements and reporting
3 Summary
It has been shown that the CDS has very good detection performance and can also be used for RRM measurements.
With the observations in this document and especially that the undefined REs are chosen for CDS transmission, it is concluded that there only is little to medium impact on the standardization efforts as well as the network and UE implementation aspects. 
Observation 1: The undefined REs next to PSS/SSS are defined for CDS transmission 

Observation 2: The orthogonal CDS sequences are specified and if they are used for noise estimation
Observation 3: A set of possible CDS patterns is defined. It is useful to have different sets of patterns in order to adapt for different maximum numbers of detectable cells.

Observation 4: A measurement report for CDS-based RSRP/RSRQ is defined 

Observation 5: Mechanism is specified that the UE gets to know the chosen transmission pattern 
Observation 6: With time-multiplexed CDS transmission, a large number of detectable cells can be supported.

Observation 7: With appropriate patterns, both intra- and inter-frequency measurements are supported for any legacy UE measurement gap configuration.

Observation 8: CDS-based discovery is feasible also when no synchronisation information is exchanged between layers 

Observation 9: A very simple receiver can be used for CDS based discovery

Observation 10: UE perform CDS based RRMs measurements and reporting
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