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1 Introduction
In this document, we discuss the remaining details on small cell discovery signal based on the agreements in [1]

 REF _Ref394848255 \r \h 
[2]

 REF _Ref394848299 \r \h 
[3]. Also, the recently agreed LS by RAN4 is discussed [4].
2  CRS as DRS 
We set out from the agreements below:

	· 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 signalling

· 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




As legacy behavior, if the MBSFN subframe configuration is known to a UE, the UE can use all CRS symbols in the non-MBSFN subframes and use the first CRS symbol in the MBSFN subframes for measurement. However, the MBSFN subframe information may not be always available particularly for measurement. If the MBSFN subframe configuration is unknown to the UE, the UE may be able to use only the first CRS symbol in the potential MBSFN subframe for the measurement even though the subframe may be a non-MBSFN subframe. 

In the context of DRS, if MBSFN subframe information for a cell is provided to a UE for DRS based measurement, the CRS assumption by the UE is in accordance with the MBSFN subframe configuration. On the other hand, according to the agreements, a UE may assume all DL subframes and the DwPTS region of subframe in a DRS occasion are available for CRS based measurement if MBSFN subframe information for a cell is not provided. This may be risky because the UE may measure vacant CRS in the non-MBSFN region of MBSFN subframes which cause inaccurate CRS based RRM measurement if the UE assumes the existence of all CRS symbols in a subframe. Therefore, the agreement needs to be revised to: “When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, The UE assumption of CRS transmission on an MBSFN subframe is per Rel-8”.
Proposal 1: When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, The UE assumption of CRS transmission on an MBSFN subframe is per Rel-8.
It would be beneficial to configure the number of subframes (N; duration) within a DRS occasion. More subframes could provide more cell reuse to reduce interference for CSI-RS based RSRP measurement by transmitting CSI-RS in different subframes, or to utilize higher CSI-RS density within a DRS occasion by transmitting CSI-RS in multiple subframes. 
CSI-RS would be dropped in subframe 0 and 5 colliding with PSS/SSS and PBCH, and thus the number of usable CSI-RS RE configurations would be significantly reduced with N=1. For instance, in subframe 0 for FDD transmitting PSS/SSS/PBCH, only 4 CSI-RS RE configurations are available in the subframe. Having more than N=1 would give the network more degrees of freedom.
DRS occasion duration and periodicity should be also configured with the consideration of AGC setting – e.g., with shorter periodicity (like 40 ms), short duration of DRS occasion (e.g., N=1) could be used since the AGC setting from the previous DRS occasion could be largely reused for the next DRS occasion. With longer periodicity (like 160 ms), long duration of a DRS occasion (e.g., N=5) could be used where the early part within the DRS occasion could be used for AGC setting. 
Given all the possibilities discussed here, it is deemed necessary that the DRS duration should be able to be configured by eNB.
Proposal 2: The number of subframes in a DRS occasion is configurable.

3 CSI-RS as DRS 
We set out from the agreements below:

	· 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


At least antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP. It would not be desirable to use different antenna ports within the same CDM group for different TPs (e.g., antenna ports 15 for one cell and 16 for another cell) due to different timing arrivals which could break code orthogonality.
The necessity of configuring more antenna ports for CSI-RS has not been clearly demonstrated. It is well understood that there may be a performance issue with CSI-RS based RSRP measurement [5]

 REF _Ref395000646 \r \h 
[6]

 REF _Ref395000647 \r \h 
[7]. From the simulation results, it is observed that the accuracy of CSI-RS-based RSRP (2REs/PRB) with 25 PRBs is comparable to that of CRS-based RSRP with 6 PRBs. Therefore, the main use case of CSI-RS based measurement would be limited to distinguish the transmission points (TPs) in the shared cell ID scenario.
Increasing the RE density in a PRB (mainly in the frequency domain) could be one possible solution to address the performance issue of CSI-RS. However, given the specification impact and the timeline of this WI, it may not be proper to address it (e.g., rate-matching issue around CSI-RS as DRS). Instead, by configuring multiple CSI-RS RE configurations or CSI-RS subframe configurations for a cell (TP), the CSI-RS density can be increased within the given DRS occasion in the time domain as long as QCL is assumed for the different CSI-RS RE configurations within the DRS occasion. An example of configuring multiple CSI-RS subframe configurations that was discussed in the RAN1#77 offline discussion is shown in Figure 1.
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Figure 1 Example of CSI-RS transmission in multiple subframes within a DRS occasion
Proposal 3: Multiple CSI-RS RE configurations or multiple CSI-RS subframe configurations can be configured for a UE within a DRS occasion of a cell (TP).
The following parameters are expected to be essential for CSI-RS


resourceConfig-r11



INTEGER (0..31),


subframeConfig-r11



INTEGER (0..154),


scramblingIdentity-r11


INTEGER (0..503),

where resourceConfig-r11, subframeConfig-r11, and scramblingIdentify-r11 represent the CSI reference signal RE configuration, subframe configuration (
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In addition, the combination of the above three parameters could uniquely represent a TPID to differentiate transmission points and the three parameters need to be reported together with CSI-RS-RSRP and CSI-RS-RSRQ (if defined). It is not foreseen to define an explicit TPID in the specification.
Proposal 4: The following three parameters are included for a CSI-RS configuration and UE reports them together with CSI-RS-RSRP/CSI-RS-RSRQ (if defined):
· resourceConfig-r11



INTEGER (0..31)

· subframeConfig-r11



INTEGER (0..154)

· scramblingIdentity-r11


INTEGER (0..503)

Regarding “the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence)”, it is basically equivalent to subframeConfig-r11. The subframe index can be identified by SSS and the relative subframe of CSI-RS RE configuration to SSS can be known by the parameter subframeConfig-r11. Therefore, a new definition of the relative subframe offset between SSS and one CSI-RS RE configuration would not be needed.

Observation 1: The parameter of relative subframe offset between SSS and one CSI-RS RE configuration is functionally equivalent to the subframe configuration (subframeConfig-r11) for CSI-RS.

Proposal 5: A new parameter for relative subframe offset between SSS and one CSI-RS RE configuration is not needed.

4 On LS R4-71AH-0094[4] 
An LS was agreed in RAN4 #71 AH meeting to ask some questions for clarification [4]. This section discusses the questions in the LS.
	· For studying TP identification based on CSI-RS RAN4 needs to know what information related to CSI-RS configurations shall be available at the UE


Basically the UE needs to be configured with all related information to CSI-RS. As discussed in Section 3, a CSI-RS configuration includes the CSI reference signal configuration, subframe configuration (
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. DRS occasion related information of periodicity, subframe offset, and duration is also essential for studying TP identification. 
Suggested reply 1: For studying TP identification in RAN4, DRS occasion periodicity, subframe offset and duration, as well as CSI-RS RE configuration, subframe configuration (
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 are needed to be known.
	· It is RAN4 understanding that for DRS based measurements the DRS measurement timing configuration information provided by the network to the UE will be applicable to all cells/TPs on the same carrier. If so then for studying RRM requirements for DRS based measurements RAN4 would like to know whether RAN4 can assume  synchronization between cells/TPs on the same carrier and what is the maximum allowable time offset between DRS occasions of cells/TPs on the same carrier.


A deployment with synchronized cells/TPs on the same carrier is one important scenario for small cell discovery. Our companion contribution [8] shows the signalling details on DRS measurement timing configuration (DMTC) and DRS occasion related information. 

Even in synchronized network deployment, it is also not expected that all cells/TPs have the same DRS occasion configuration (comprising periodicity, subframe offset, and duration) which is defined as cell-specific. It would be possible for a UE to see the common DRS occasion configuration, from UE perspective, although some cells actually have the different configurations. It is up to the network to define the number of different DRS occasion configurations between the cells in UE perspective. We would recommend at least two different subframe offsets and periodicities of DRS occasions while assuming the same periodicity and duration from the different cells, for the purpose of studying RRM measurements by RAN4.
Suggested reply 2: At least two different subframe offsets and periodicities of DRS occasions are recommended while assuming the same periodicity and duration from the different cells, for the purpose of studying RRM measurements by RAN4.
	· Further, RAN4 would like to ask whether DRS measurement timing configuration information provided by the network to the UE is common for all DRS frequency layers. If DRS measurement timing configuration information is not common for all DRS frequency layers, RAN4 would like to know how many different DRS measurement timing configurations can be allowed for a certain UE.


Since DMTC is given per carrier frequency, DMTC could be different for all DRS frequency layers. In general, synchronized operation across all frequency layers may not be always available and, thus, the DMTC could be also different accordingly. Therefore, the assumption of different DMTC for different frequency layers could be similar as the existing RRM measurement.
Suggested reply 3: The assumption of different DMTC for different frequency layers could be similar as the existing RRM measurement.

5 Conclusions 
This contribution discusses the remaining details of DRS and the questions of the RAN4 LS [4]. The followings are summary as our proposals and observations.
Proposal 1: When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, The UE assumption of CRS transmission on an MBSFN subframe is per Rel-8.
Proposal 2: The number of subframes in a DRS occasion is configurable.

Proposal 3: Multiple CSI-RS RE configurations or multiple CSI-RS subframe configurations can be configured for a UE within a DRS occasion of a cell (TP).

Proposal 4: The following three parameters are included for a CSI-RS configuration and UE reports them together with CSI-RS-RSRP/CSI-RS-RSRQ (if defined):
· resourceConfig-r11



INTEGER (0..31)

· subframeConfig-r11



INTEGER (0..154)

· scramblingIdentity-r11


INTEGER (0..503)

Observation 1: The parameter of relative subframe offset between SSS and one CSI-RS RE configuration is functionally equivalent to the subframe configuration (subframeConfig-r11) for CSI-RS.

Proposal 5: A new parameter for relative subframe offset between SSS and one CSI-RS RE configuration is not needed.

Suggested replies to R4-71AH-0094 [4] are as follows:

Suggested reply 1: For studying TP identification in RAN4, DRS occasion periodicity, subframe offset and duration, as well as CSI-RS RE configuration, subframe configuration (
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Suggested reply 2: At least two different subframe offsets and periodicities of DRS occasions are recommended while assuming the same periodicity and duration from the different cells, for the purpose of studying RRM measurements by RAN4.
Suggested reply 3: The assumption of different DMTC for different frequency layers could be similar as the existing RRM measurement.
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