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1. Introduction
The following agreements were made in RAN1#77 related to DRS-based measurements:
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

Agreement:

· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS

Agreement:

· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration

Agreements:

· A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency
· The reference timing for the offset is the primary serving cell’s timing

Agreements:

· No new measurement gap pattern is introduced for DRS-based measurement
Additionally, the post-RAN1#77 e-mail discussion on DRS RSSI and RSRQ lead to four alternatives on DRSSI definition (listed in section 3). In this contribution we discuss the remaining aspect related to inter-frequency measurements based on CSI-RS. In addition, we provide our view on the exact measurement definitions to be captured in TS 36.214, including the definition of DRSSI and RSRQ.
2. Need of CSI-RS -based inter-frequency measurements
It was agreed that both CRS and CSI-RS –based RSRP measurements are supported, and at least CRS-based RSRQ measurements are supported. However, it remains open whether CSI-RSRP measurements are applicable for inter-frequency case, or only for intra-frequency, i.e. when the UE is already configured with a serving cell on the frequency. Also it is open whether CSI-RSRQ measurements are specified. 
Intra-frequency CSI-RSRP measurements could be potentially motivated by the fact that they provide the eNB with information that can be used for configuring transmission points (i.e. CSI-RS resources) to the UE in shared cell ID scenarios. Inter-frequency CSI-RSRP measurements on the other hand, are not generally needed for a similar purpose: If the UE is not configured with a serving cell on a frequency, CSI-RS resources clearly do not need to be configured either. It could be envisioned that if the eNB would have inter-frequency CSI-RSRP measurements available when configuring a serving cell to the UE from another frequency (e.g. as an SCell), separate configuration of CSI-RS resources could be avoided as the CSI-RS could in principle be configured in the same RadioResourceConfigDedicatedSCell IE. However, the eNB would anyway need to be aware of the best cell first in order to be able to configure the CSI-RS to be measured to the UE, thus there is an additional delay in the measurement anyway. Furthermore, this would be an optimization for the case when the UE is not yet configured with a serving cell on a frequency. When the UE is already configured with an SCell on a frequency, intra-frequency CSI-RSRP measurements are applicable for configuring the CSI-RS resources.
RSRQ measurements are by definition intended as inter-frequency measurements for selecting a carrier to be configured for the UE. This should clearly be based on CRS-based measurements as the CRS quality is what determines whether the UE can be associated with a cell. Therefore, CRS-based RSRQ measurements clearly need to be supported, while it is not very clear why CSI-RS –based RSRQ measurements would be needed. It was mentioned during the e-mail discussions after RAN1#77 that one use case of CSI-RS –based inter-frequency measurements would be cases where CRS are not detectable but PSS/SSS and CSI-RS are, in which case measurements could be performed on CSI-RS rather than CRS. However, as mentioned, good quality CRS reception is needed for cell association, thus it is unclear what purpose any CSI-RS –based measurements would serve in such a case. If CRS can not be detected/measured, clearly the UE can not be associated with a cell either.
Finally, during RAN1#76bis there was also some discussion about transmission point on/off and use of CSI-RS –based inter-frequency measurements to support such an operation. However as we discussed in [1], if transmission points within a cell are switched on/off very dynamically, the impacts of the resulting fluctuations in the received (SFN-type) CRS power on the system as well as on the UE receiver would require further studies. On the other hand, the UE would again anyway need to be first associated with the cell based on CRS-based measurements, and transmission points could be selected based on intra-frequency measurements after the serving cell is configured to the UE.
So our current conclusion is that the use cases of CSI-RS –based inter-frequency measurements remain rather unclear, thus we would propose to support only CSI-RS –based intra-frequency RSRP measurements in Release 12.

Observations:

· The main use case of CSI-RS –based measurements is enabling configuration of CSI-RS resources for CoMP CSI measurements on the same frequency as a serving cell.

· Whether there are other practical use cases remains unclear since configuration of a cell as a serving cell should anyway always be based on CRS measurements.
Proposals:

· CRS-based intra-/inter-frequency RSRP and RSRQ measurements are supported with DRS.

· CSI-RS –based intra-frequency RSRP measurements are supported with DRS.

· No other DRS-based measurements are introduced in Release 12.
3. RSRQ definition for DRS-based measurements
Current RSRQ definition as captured in TS 36.214 reads as follows (note that the changes discussed in the e-mail discussion prior to RAN1#78 are not included here):

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.
The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


In RAN1#77, the WF in [2] proposed new RSSI and RSRQ definitions for DRS-based measurements. The motivation for the proposal is the fact that DRS are supposed to enable RRM measurement of cells that are off, and therefore the measurement should avoid capturing DRS interference and instead capture just the PDSCH interference from other cells on the measured frequency. Otherwise, RSSI might overestimate the interference on the frequency. The e-mail discussion on the WF resulted in the following alternatives for the DRSSI definition:
Alt 1: Discovery RSSI (DRSSI) is measured on configured subframe(s) on OFDM symbols that cannot contain signals potentially present in a DRS occasion, independently of whether the UE is configured to report CSI-RS-based RRM measurements

· FFS which OFDM symbols depending on CP length and frame structure type

· Alt1 may require a new equation of RSRQ with a scaling factor in the denominator

· FFS is this scaling factor would be fixed or could be adjusted by the network

Alt 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.

Alt 3: Measure and average RSSI over all OFDM symbols in a subframe.

· FFS in which subframes RSSI would be measured (note: for eICIC the subframes are signaled)

Alt 4: Measure and average RSSI over OFDM symbols containing CRS port 0.

· Assuming no change to the Rel-8 definition, Alt 4 means RSSI is measured in the same OFDM symbols used for RSRP measurements based on DRS.
From the above alternatives, alternative 1 basically corresponds to the proposal in the WF [2], and solves the interference overestimation issue. On the other hand, it also brings a small interference underestimation issue for other cases where the cell is on and thus transmitting CRS, but does not transmit any PDSCH (such as for instance any legacy cells not operating small cell on/off). Alternative 2 is very similar to alternative 1; however the OFDM symbols used for DRSSI measurement are located outside the actual DRS occasions. This could also be a viable option otherwise, but it may have a small impact on UE power consumption as the UE needs to remain on the frequency for longer time periods. Also it is not clear if the additional subframes/OFDM symbols used for DRSSI measurement would fit within the same measurement gap as the DRS occasion in all cases, for instance with TDD DL-UL configuration 0. Thus we would have a preference for alternative 1 over alternative 2.
Alternatives 3 and 4 on the other hand correspond basically to the existing RSSI/RSRQ definition. Alternative 4 clearly suffers from the RSSI overestimation problem in synchronous networks since it always captures CRS interference from other cells. The same is not equally true for alternative 3 in which RSSI is averaged over all symbols within the subframe, thus in case of off-cells the DRS interference is averaged out to some extent. The interference (and thus RSSI) overestimation problem still exists, however is clearly reduced compared to alternative 4. For alternative 3, it would further need to be defined over which subframes RSSI would be measured, however it should be rather simple to define this for instance as the subframes within the DRS occasion.
Observations:

· Alternative 1 solves the RSSI overestimation problem in case of small cell on/off, however introduces a small RSSI underestimation problem for on-cells not transmitting any PDSCH.
· Whether this underestimation problem is of any practical significance is unclear.
· Feasibility of alternative 2 is unclear as the UE may not be able to measure RSSI within the same measurement gap.
· In alternative 3, the RSSI overestimation problem is reduced due to averaging over DRS and non-DRS symbols within the subframe.
· Alternative 4 has a severe RSSI overestimation issue in case of small cell on/off operation.

Detailed analysis of alt.1 and alt.3

With alternative 1, the proposed RSRQ definition is RSRQ = N x RSRP / (N x RSRP + DRSSI), i.e. an additional term N x RSRP is added in the denominator in an attempt to make the measurement better comparable with the legacy measurements. Note that here N means the number of PRBs over which the measurement is made. This modification is due to the fact that the legacy RSRQ captures the measured cell power in the RSSI, whereas DRSSI would not include any contribution from the measured cell (except PDSCH). Thus the additional term also avoids problems with very large RSRQ values. 
However, opening up the proposed equation slightly in a way similar to what was done in [3] reveals some problems of alternative 1 as it was proposed in the WF. The proposed RSRQ can be written as:
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where S is the measured cell average RE power, I is the interference power, N is the noise power and γ denotes system load. RSSIPDSCH denotes the single-PRB RSSI on non-CRS (i.e. PDSCH-only) symbols. The existing eICIC RSRQ on the other hand can be written as follows (in case of one or two CRS antenna ports):
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where NCRS denotes the number of CRS REs within a CRS OFDM symbol (i.e. NCRS = 2 in case of one antenna port, NCRS = 4 in case of two or four antenna ports). The latter equation shows that the contribution of cells with no traffic is still visible due to CRS which is not desirable in case of small cell on/off. However, it can also be observed that, at zero load, e.g. for off-cells, there is a scaling factor for S in the denominator which depends on the number of CRS ports. At high SINR, where S is the dominating factor, this may lead to for instance roughly 10log10(14/8)=2.43 dB bias in favour of the eICIC RSRQ definition in case of one antenna port (NCRS=2).
Thus, comparison of two frequencies, which would both offer high SINR conditions, is made rather difficult as the values are not directly comparable due to this scaling factor. Basically comparing such RSRQ values directly would cause the frequency layer with eICIC RSRQ measurements to be always selected which is obviously not desirable.
Clearly two different RSRQ definitions should produce comparable values at high SINR. For alternative 1, this problem could be to some extent alleviated with a small modification to the proposed RSRQ definition as follows: RSRQ = N x RSRP / (N x α x RSRP + DRSSI). Here, α is scaling factor intended to make the definition more comparable with the existing RSRQ definitions. Of course, since the “correct” scaling factor depends on the number of CRS ports and on the RSRQ with which the new RSRQ is compared (i.e. Rel-8 RSRQ or the eICIC RSRQ), there is no single universally correct value for the scaling factor. Furthermore, different cells within a frequency could have different numbers of CRS ports. Hence, to be exact the scaling factor should be even cell-specific. However, if the scaling factor is higher-layer configurable per frequency, the RSRQ comparison problems at high SINR can be mostly avoided. Required scaling factors in case the comparison is to the Rel-8 RSRQ or the eICIC RSRQ are shown in Table 1. These can be derived in a way similar to above. Note that the impact of CSI-RS is not considered in this analysis.
Table 1. Scaling factor α depending on the type of compared RSRQ and number of CRS ports in the cell.

	Compared RSRQ
	1 CRS port
	2 CRS ports
	4 CRS ports

	Rel-8 RSRQ
	2
	4
	4

	eICIC RSRQ
	8/14
	16/14
	24/14


Observations:
· RSRQ definition (Alt 1) as proposed in [2] leads to pessimistic RSRQ values at high SINR.
· It biases frequency selection towards those based on Rel-8 or eICIC RSRQ measurements.

· The issue can be mitigated to some extent with a higher-layer configurable scaling factor in the denominator: RSRQ = N x RSRP / (α x N x RSRP + DRSSI).

· Parameter α is dependent on the number of CRS antenna ports, and whether the new RSRQ should be comparable with the Rel-8 RSRQ or the eICIC RSRQ.
Finally, with alternative 1, it should be further defined which OFDM symbols are exactly applicable for DRSSI measurement. This aspect was already briefly discussed via e-mail, and it was proposed that symbols which do not contain PSS/SSS, CRS antenna ports 0 and 1, or CSI-RS antenna ports 15-22 could be used. Of course the exact symbols then depend on the frame structure type as well as the cyclic prefix length, however anyway this seems like a reasonable approach. It is noted that CRS antenna ports 2 and 3 are not listed here – this seems also reasonable as for off cells the eNB could decide not to transmit those, and for on cells the impact of CRS ports should actually be included in the DRSSI anyway to account for CRS interference.
To summarize, in our view there should not be any major problem with alternative 3, assuming it is specified which subframes should be used in the RSSI measurement. However, alternative 1 seems also feasible, but in that case a configurable scaling factor should be introduced in the denominator to make the new RSRQ definition comparable with existing RSRQs.
Proposal:
· Downselect the DRS RSRQ definition from the  two options below:

· Existing eICIC RSRQ and RSSI with the clarification that the subframes over which RSSI is measured are the ones included in the DRS occasion.

· New RSRQ defined as RSRQ = N x RSRP / (α x N x RSRP + DRSSI) where 
· α is a higher-layer configurable value, possible values of which include at least 8/14, 16/14, 24/14, 2, 4.
· DRSSI is measured in subframes of DRS occasion in OFDM symbols not containing PSS/SSS, CRS antenna ports 0 and 1 and CSI-RS antenna ports 15-22.
4. Conclusion 
In this contribution we have discussed the remaining issues related to DRS measurement definitions. Our proposals are listed as follows:

Proposals:

· CRS-based (intra-/inter-)frequency RSRP and RSRQ measurements are supported with DRS.

· CSI-RS –based intra-frequency RSRP measurements are supported with DRS.

· No other DRS-based measurements are introduced in Release 12.
· Downselect the DRS RSRQ definition from two options below:

· Existing eICIC RSRQ and RSSI with the clarification that the subframes over which RSSI is measured are the ones included in the DRS occasion.

· New RSRQ defined as RSRQ = N x RSRP / (α x N x RSRP + DRSSI) where 
· α is a higher-layer configurable value, possible values of which include at least 8/14, 16/14, 24/14, 2, 4.
· DRSSI is measured in subframes of DRS occasion in OFDM symbols not containing PSS/SSS, CRS antenna ports 0 and 1 and CSI-RS antenna ports 15-22.
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