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1
Introduction

During the RAN1#77 meeting [1] and the following email discussions, good progress has been made in terms of how the discovery signals actually look like. 

The following agreements have been reached:

Agreements:
· UE assumes PSS/SSS/CRS in the DRS
· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers
· CRS-based RSRP measurements are supported, and CSI-RS –based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification
· RRM measurement configuration and reporting details are up to RAN2
Agreements:
· For DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination

· FFS on details

Agreements:
· DRS can only be transmitted on a DL subframe or DwPTS region of subframes

· For DRS-based measurement, a UE assumes that 
· A DRS occasion for a cell consists of

· One instance of PSS/SSS per Rel-8
· CRS is transmitted at least in the same subframe(s) as PSS/SSS
· A DRS occasion can comprise multiple CSI-RS RE configurations

· The different CSI-RS configurations may be in the same or different subframe(s)

· The different CSI-RS configurations may be scrambled independently

· Relative subframe offset between SSS and one CSI-RS RE configuration
· FFS between variable or fixed within 5 msec relative to subframe of SSS
· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 40, 80, 160, FFS on other values
· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS

Agreements from email discussion [77-09]:
· For subframes (DL subframes and DwPTS region of subframe) within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS antenna port 0 for a cell is transmitted

· When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, UE assumption of CRS transmission on MBSFN subframe is per Rel-8

· FFS whether there is a need to enhance signaling

· A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements

· FFS whether number of subframes in a DRS occasion is to be fixed or configurable

· FFS relation to restricted measurement subframe

· FFS whether to indicate the number of CRS ports

· If, in addition, CSI-RS is configured as DRS

· For CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP

· FFS whether to indicate the number of CSI-RS ports

· FFS on supporting other antenna port(s) and/or more REs/PRB

· In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations

· For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe

· FFS on whether to allow more than one subframe

· Continue discussion on UE data rate matching on CSI-RS as DRS in RAN1#78

· Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4

Based on the available agreements, PSS/SSS/CRS are to be present always in DRS occasions, whereas CSI-RS may be contained in the DRS as well, if configured. 

We therefore look at the remaining design issues of the discovery signal separately for PSS/SSS/CRS and CSI-RS for both FDD and TDD. 
2
PSS/SSS/CRS as part of DRS
The main open issues in terms of PSS/SSS/CRS are related to the subframes containing CRS as well as configurability of the DRS containing PSS/SSS/CRS (i.e. length of DRS occasion N, number of CRS antenna ports, ...), which is discussed in this section.
2.1   Subframes containing CRS
So far we have agreed, that CRS is to be present in all DL subframes and DwPTS region of a DRS occasion, where a DRS occasion comprises N consecutive subframes (N<=5). It is of course a bit unclear, how the N is to be defined. In general, it might be good to separately consider the case for TDD & FDD, as in TDD the number of available DL subframes is dependent on the UL/DL configuration of the cell. 
2.1.1 CRS subframes for FDD

According to the available decisions, within a DRS occasion up to N subframes contain CRS, and the subframe(s) containing PSS/SSS needs to be one of them. However, it is yet unclear which one of the N subframes carries PSS/SSS. In principle, there are N different options for the PSS/SSS timing within the DRS occasion. This is shown in Figure 1 for the example of a DRS occasion consisting of N=5 subframes. The different colors in Figure 1 indicate the different offsets between the start of the DRS occasion with respect to the PSS/SSS subframe, which we denote here with variable SSS_offset([0,...,N-1].  
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Figure 1: Options for the PSS/SSS timing within the DRS occasion containing CRS in all subframes for FDD (example for N=5).
Therefore it is clear that the timing relation with respect to the subframes containing PSS/SSS will need to be specified.

Observation 1: Timing relation between the start of the DRS occasion and the PSS/SSS will need to be specified. 
The question that remains is, what kind of value pairs [N,SSS_offset] will be possible and whether the values of N & SSS_offset are fixed in the specifications or configurable (potentially even separately for each PCID). As identifying PSS/SSS is clearly the first step from UE point of view in terms of DRS processing/handling, it makes logically sense to have the DRS occasion starting with the subframe containing PSS/SSS for FDD. As the other options and especially the configurability of the offset seem to have no advantages, we propose to fix the offset to SSS_offset=0 in the specifications. This means, that the PSS/SSS is to occur in the first subframe of a DRS occasion of length N. 
Proposal 1: For FDD, PSS/SSS occurs always in the first subframe of the DRS occasion. 
The remaining questions relate to the value of N. i.e. duration of the DRS occasion, including whether the value of N is configurable or fixed in the specifications. 
First of all, the minimum value of N should be given by RAN4 studies in order to guarantee a sufficient performance in cell identification/detection as well as RRM measurement accuracy. A smaller value of N will automatically not just affect the RSRP measurement accuracy, but will in the same way restrict the potential CSI-RS subframe offset (and therefore the number of orthogonal CSI-RS RE configurations) as well as the OFDM symbols that are available for RSSI measurements (details are still FSS on that in RAN1). Having these additional restrictions in mind, it makes sense to fix the length of the DRS occasion to N=5 in the specifications, enabling the best possible RSRP and RSSI measurement accuracy and giving most freedom for the network to potentially apply different subframe offsets for the optional CSI-RS part while keeping the specification and UE implementation complexity at minimum.
Proposal 2: For FDD, the length of the DRS occasion is to be fixed in the specifications with N=5 and all DRS subframes should contain CRS. This enables the best possible RRM measurement accuracy and maximizes the potential number of orthogonal CSI-RS RE configurations.

Having both values as proposed above fixed in the specifications will further enable the UE to enable RRM measurements based on PSS/SSS/CRS without any additional required assistance information by the network. 
2.1.2 CRS subframes for TDD

Based on the agreements, CRS is at least present in the subframes containing PSS/SSS – so for TDD, the subframe containing SSS and the DwPTS part also containing PSS. Hence, at least in those subframes the CRS can be assumed by the UE to be present. 
As noted in the previous subsection, it would be desirable to fix the CRS subframes in the specifications for the DRS, as this enables DRS based RRM measurements without additional assistance information. We think that this should be the baseline assumption. We note that the UE may not always know the TDD UL-DL configuration when performing e.g. inter-frequency measurements. Since the subframes containing SSS and PSS (the DwPTS part) are the only subframes that are contain CRS for all UL-DL configurations, for TDD carriers the UE should assume the CRS to be present there only. 

Proposal 3: For TDD, the UE should assume the CRS to be present only in the subframes containing SSS and (the DwPTS part containing) PSS. This enables cell identification and CRS-based RRM measurements from the DRS without information about the UL-DL configuration.
2.2   Number of CRS antenna ports
Currently, the knowledge on the number of CRS antenna ports is not needed by the UE in order to perform cell discovery. Moreover, current (CRS-based) RSRP & RSRQ measurements are only performed using antenna port 0. 
From this point of view, there seems to be no need for the UE to know the number of CRS antenna ports in the DRS occasion either, i.e. only antenna port 0 is assumed by the UE to be present for CRS based cell identification and CRS-based RRM measurements. Moreover, having only antenna port 0 present as part of the DRS will reduce the CRS interference in neighboring cells. 

Proposal 4: Only CRS antenna port 0 is transmitted as part of the DRS.
3
CSI-RS as part of DRS
Optionally, CSI-RS may be transmitted as part of a discovery signal occasion if configured by higher layers. Each CSI-RS resource in the current specifications is defined by its number of antenna ports, CSI-RS RE configuration, the subframe offset and the scrambling ID (which equals the PCID in Rel. 10). Using the legacy definition of CSI-RS for the ‘CSI-RS part of the DRS’ will enable direct reuse of these CSI-RS resources for CSI feedback too. Thereby, a single CSI-RS resource can be assigned per TP independent if the cell is on or off which simplifies network operation in terms of CSI-RS resource handling. Thus, as a baseline the possible CSI-RS of the DRS should correspond to some existing Rel. 11 CSI-RS resource configurations.

Proposal 5: As a baseline, the possible CSI-RS of the DRS should correspond to some available Rel. 11 CSI-RS resource configuration.  

This very simple proposal of keeping the CSI-RS definition and related understanding already answers some of the open issues:

· Each CSI-RS RE configuration is contained in a single subframe (as in Rel. 10/11)

· Each antenna port corresponds to 2 REs / PRB pair (as in Rel. 10/11)

· CSI reference signals are transmitted on one, two, four or eight antenna ports using p=15, p=15,16, p=15,…,18, p=15,…,22, respectively (as in Rel. 10/11)
· The cover code of the antenna port pairs is given by the antenna port number (as in Rel. 10/11 in 36.211)
Having a fixed or implicit subframe offset between the SSS and CSI-RS in a DRS occasion would reduce the required amount of DRS configuration signaling. On the other hand, it would very much restrict the number of possible CSI-RS resource configurations for the network (and in some ultra-dense small cell networks require the reuse of CSI-RS RE configurations for different cells). Considering that it is not just the subframe offset that defines the CSI-RS resource configuration and would need to be signaled to the UE, but also the CSI-RS RE configuration, the scrambling ID as well as potentially the number of CSI-RS ports, we don’t really see the signaling overhead as a good enough reason to restrict the network operation by restricting the free choice of the subframe offset. Therefore, we have the following proposal: 
Proposal 6: CSI-RS configurations (including the subframe offsets relative to SSS) corresponding to each transmission point should be explicitly configured to the UE.

Based on the discussions in the previous section and having a fixed N=5 for FDD, the configurable CSI-RS resource subframe offset for FDD has a value range of [0,..,4]. In case of TDD, the possible offsets in the range of [0,..,4] will be dependent on the available DL subframes in the UL/DL configuration. Moreover, for UL/DL configurations #3, 4 and 5 the possible CSI-RS subframe offsets is further dependent on the assumption of the subframes containing PSS/SSS (subframes #0/1 vs. subframes #5/6 of the respective UL/DL configurations). 
According to the current agreements at least CSI-RS antenna port 15 (with 2 REs/PRB) can be assumed by the UE to be present. We think that the CSI-RS within the DRS should be fully explicitly configurable as in Rel. 11, including the CSI-RS offset (cmp. the previous proposal), the CSI-RS RE resource (including the number of antenna ports) as well as the scrambling ID. 
Other aspects, e.g. the UE measurement behavior depending on the number of available CSI-RS antenna ports and if different performance requirements for different number of CSI-RS antenna ports is to be defined is clearly up to RAN4 (and depending the ongoing CSI-RS RSRP performance studies in RAN4). 
Proposal 7: CSI-RS within the DRS should be fully flexibly configurable as in Rel. 11, including the CSI-RS offset, CSI-RS RE sources including the number of CSI-RS antenna ports as well as the scrambling ID.
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Conclusion

In this contribution, we discuss the detailed structure of the discovery signal design. Based on the discussion in this contribution the following proposals are made:
Proposal 1: For FDD, PSS/SSS occurs always in the first subframe of the DRS occasion. 

Proposal 2: For FDD, the length of the DRS occasion is to be fixed in the specifications with N=5 and all DRS subframes should contain CRS. This enables the best possible RRM measurement accuracy and maximizes the potential number of orthogonal CSI-RS RE configurations.

Proposal 3: For TDD, the UE should assume the CRS to be present only in the subframes containing SSS and (the DwPTS part containing) PSS. This enables cell identification and CRS-based RRM measurements from the DRS without information about the UL-DL configuration.

Proposal 4: Only CRS antenna port 0 is transmitted as part of the DRS.

Proposal 5: As a baseline, the possible CSI-RS of the DRS should correspond to some available Rel. 11 CSI-RS resource configuration.  

Proposal 6: CSI-RS configurations (including the subframe offsets relative to SSS) corresponding to each transmission point should be explicitly configured to the UE.

Proposal 7: CSI-RS within the DRS should be fully flexibly configurable as in Rel. 11, including the CSI-RS offset, CSI-RS RE sources including the number of CSI-RS antenna ports as well as the scrambling ID.
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