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1 Introduction
This email discussion aims to progress the DRS measurement for Small Cell Enhancements – Physical Layer, on the following aspects:
[86#32][LTE/SCE-L1] RRM framework for DRS measurements (Huawei)
-
Based on RAN1 LSs, discuss stage-2 aspects (how to support DRS measurements in RRM framework, what to configure, what measurement quantities to use; impact on events, …)

-
Can use old CoMP RRM email discussion as input for CSI-RS measurements

=>
Intended outcome: Email discussion report (optionally also a 36.331 CR)

In this email discussion, we will take the CoMP RRM email discussion [1] as a reference.
2 Discussion
2.1 General
2.1.1 Usage of DRS measurement
As indicated in RAN1 LS [2], the following agreements on DRS were made at RAN1#77:
· 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

Therefore, from RAN2 point of view, we need to incorporate the DRS measurement (including both CRS based measurement as well as CSI-RS based measurement) into the existing RRM framework.
Although we take the Rel-11CoMP RRM discussion as a reference in this email discussion, we should note that the CSI-RS measurement in the context of Small Cell Enhancement is different with that in the context of Rel-11CoMP in terms of motivations and scenarios. In the context of Rel-11 CoMP, CSI-RS measurement is only used to support the CRM (CoMP Resource Management) and it is not used for mobility. However, in the context of Small Cell Enhancement, DRS measurement (including both CRS based measurement and CSI-RS based measurement), will be used for small cell/TP discovery, which might then involve handover, carrier aggregation (SCell addition/release, SCell activation/deactivation) and dual connectivity (SCG addition/release) relevant procedures along with the dynamic on/off of the corresponding small cell or TP.
Companies are invited to provide views on the following:

1) DRS measurement (including both CRS based measurement and CSI-RS based measurement), will be used for small cell/TP discovery, which might then involve handover, carrier aggregation and dual connectivity relevant procedures;
2) There is no intention to support the CoMP CRM with the CSI-RS based measurement in the context of Small Cell Enhancements.
	Company
	Comments

	ZTE
	1) It is important to consult RAN4/RAN1 whether DRS based measurement results is accurate enough for mobility purpose. RAN2 shall not make the decision by ourselves. So far we are slightly inclined that DRS based measurement is only for “cell detection”, not for mobility.

2) We agree not to discuss the CoMP CRM with CSI-RS based meas again since it has been concluded before, and here we just focus on small cell ON/OFF and DRS relevant issues.

	Samsung
	For issue 1): We agree.

For issue 2): RAN1 has agreed that TP identification for CoMP scenario 4 or shared cell id deployment is supported by the DRS. In our view, CoMP CRM is the primary motivation for TP identification and should be supported as a result.

	DOCOMO
	1): We agree with the rapporteur’s analysis.
2): Similar view with Samsung. RAN1 has agreed two motivations of DRS, facilitating small cell on/off and TP identification. In the shared cell ID scenario, even without performing on/off the CRS interference can be avoided.

	CATT
	 For 1), We understand CSI-RS based measurement is only used to discover TP in a shared ID deployment.During handover, Scell/SCG addition/deletion procedures, we still need to depend on CRS based measurements. So we prefer to further clarify the first bullet as follow:

 1) DRS measurement will be used for small cell/TP discovery, in which CRS based measurement is used for handover, carrier aggregation and dual connectivity relevant procedures and CSI-RS based measurement is used for TP discovery relevant procedures.
For 2), we agree. According to the WID, the design of discovery signal is to support small cell on/off, anything not related to small cell on/off is not within the scope of the WI.

	Fujitsu
	For issue 1 we think that more study is required on the implications for CSI-RS based measurements being used for handover by RAN4 and RAN2 together

For issue 2 we think that if there is no UE impact then CoMP CRM can be supported

	Huawei, HiSilicon
	For 1): We agree.

For 2): We agree, since support of CoMP CRM is not in the scope of Small Cell Enhancement. Please note that, actually with the CSI-RS based measurement report, based on the eNB implementation, CoMP CRM could already be supported to some extent.

	LG
	For 1) CSI-RS based measurement is only used for shared ID scenario. Using the CSI-RS measurement for mobility purpose is a matter for discussion with RAN1/RAN4.
For 2) This is not within the WI scope. 

	Ericsson
	For issue 1): We think that the use cases for DRS are listed in the WID and have also been discussed and agreed in RAN1, so reopening this discussion in RAN2 may not be beneficial.

From the WID:

· Discovery procedure/signal(s) are needed

· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

RAN1#76bis also agreed the following:

· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off

For issue 2): We think RAN2 should look at a broad range of use cases for DRS and not unnecessarily restrict a particular use case at this point in time. The proposed use cases (including TP identification) is one such use case.

	Nokia Networks, Nokia
	We agree that 1) (cell discovery) is supported and there seems to be no need to explicitly support 2) (CoMP CRM with the CSI-RS measurements).

We think that given the CRS measurement framework already exists, it can be reused also for DRS. Hence, the RAN2 discussion should focus on the question of which parts of RRM framework needs to be defined for the DRS CSI-RS measurements?
Exactly how the measurements are going to be used can be left up to network operation.

	Alcatel-Lucent
	In our understanding, RAN 1 is still discussing the need of RSRQ. Furthermore, RAN 4 also need to confirm that the DRS measurement can be used for mobility purpose. Hence RAN 2 cannot make 1) as agreement. As on 2), we do not see the need to discuss it here in RAN2 or this WI.

	NVIDIA
	1) We do not think CSI-RS based measurement would be used for cell association (handover/CA/DC relevant purpose). Only CRS based measurement would be used for this purpose.
CSI-RS based measurement is used for TP discovery.

2) Use cases of CSI-RS –based measurements are still being discussed even in RAN1 as it is still open whether CSI-RS –based inter-frequency measurements are going to be supported. Currently to us it seems that CoMP resource management is almost the only use case of CSI-RS –based measurements.

	Intel
	1) We agree.

2) We agree since support of CoMP CRM is out of the scope of WI.

	Qualcomm Incorporated
	1) We think CSI-RS is used only for small cell discovery. Further RAN1/4 study will be necessary for usage for other purposes.

2) Agree with rapporteur’s statement. 

	MediaTek
	1) We agree with the CRS based measurement of the DRS will be used for small cell discovery, mobility, and CA/DC. CSI-RS based measurement of the DRS is only used for TP discovery for shared ID scenario, it might be used for small cell discovery. However, CSI-RS based measurement for mobility purpose should be confirmed by R1/R4.
Agree that not or at least de-prioritize to discuss CoMP CRM with CSI-RS based measment. Agree with Huawei that it is up to network implementation to use the CSI-RS based measurement.

	ETRI
	For 1) We agree.

For 2) We agree, since CoMP CRM is out of scope of small cell enhancement WI.


Rapporteur’s summary:
17 companies provided their view on this issue.
On question 1: DRS measurement (including both CRS based measurement and CSI-RS based measurement), will be used for small cell/TP discovery, which might then involve handover, carrier aggregation and dual connectivity relevant procedures.
Some companies (ZTE, CATT, LG, NVIDIA, Qualcomm) think that CSI-RS based measurement could only be used for small cell/TP discovery and doubt whether it could be used for mobility. However, some other companies (Samsung, DOCOMO, Huawei, HiSilicon, Intel, ETRI) have different views. It was also raised by some companies (ZTE, Fujitsu, LG, Alcatel-Lucent, Qualcomm, MediaTek) that whether CSI-RS based measurement could be used for mobility should be further discussed together with RAN4.
Rapporteur’s comments: Generally speaking, when UE is configured with CSI-RS based measurement, it should perform the RRM measurement and then report the measurement results. The RRM requirements for CSI-RS based measurement e.g. accuracy will be defined by RAN4. Exactly how the measurement reports are going to be used can be left up to network implementation.
On question 2: There is no intention to support the CoMP CRM with the CSI-RS based measurement in the context of Small Cell Enhancements
Majority companies (13 out of 17) think that support of CoMP CRM is out of scope. 
Rapporteur’s comments: Actually, with the CSI-RS based measurement, subject to the eNB implementation, CoMP CRM may already be supported to some extent. Anyway, there is no need to explicitly support CoMP CRM with the CSI-RS based measurements. It is up to network implementation to use the CSI-RS based measurements.
Proposal 1: Exactly how the CSI-RS based measurements are going to be used (i.e. small cell/TP discovery, mobility) can be left up to network implementation. RAN2 will focus on the RRM framework design for CSI-RS based measurements.
Proposal 2: There is no need to explicitly support CoMP CRM with the CSI-RS based measurements. It is up to network implementation to use the CSI-RS based measurements.
2.1.2 UE measurement if DRS based measurement is configured

As indicated in RAN1 LS [3], RAN1 made the following agreement on DRS based measurement:

•For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS.
• 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.
The above RAN1 agreement is quite aligned with the following RAN2 assumption made at RAN2#86:

· Assumption: If the network configures the UE with (assistance information for) DRS measurements, the UE can perform those and does not need to be aware of a “cell state”.
Note that in case DRS measurement is configured on a given carrier frequency, there is no problem even if legacy cells (i.e. cells not operating on/off) exist on the carrier frequency, because anyway there are CRS resources to be measured in the DMTC duration given that for legacy cells CRS will be transmitted on every subframe.
Companies are invited to provide views on whether the above RAN2 assumption could be confirmed.
	Company
	Comments

	ZTE
	We think RAN2 assumption could be confirmed. To be more specific, we understand that RAN2 assumption is: If the network configures the UE with (assistance information for) DRS measurements, the UE can perform those without being aware of a “cell state”.

	Samsung
	In our view it should be discussed whether the UE should be aware of the current cell state. Awareness of cell state may be needed if the legacy performance requirements cannot be met by DRS measurements when a cell is in an “ON” state pending RAN4 evaluations. Awareness of the cell state is also currently under discussion in RAN1.

	DOCOMO
	We think RAN2 assumption could be confirmed, i.e., UE does not need to be aware of on/off state of cells for DRS-based measurement. 

	CATT
	We confirm the assumption. Network knows when to trigger UE measurements and the UEs behaviours are just under the control of the network.

	Fujitsu
	We think this a reasonable implicit assumption

	Huawei, HiSilicon
	We think RAN2 assumption could be confirmed, i.e., UE does not need to know the cell on/off state for DRS-based measurement.

	LG
	We think UE doesn’t need to know the “cell state” but the UE should distinguish cells to be measured in DMTC duration (ON/OFF cell) and cells to be measured on every subframe (legacy cell).

The period of DRS is longer than that of CRS, so if UE measures a macro cell only in DMTC duration, it will take more time to detect and measure the macro cell, or the measurement accuracy will be decreased. These will decrease the inter-frequency mobility performance of the UE.

	Ericsson
	We see no reason to change the RAN2 assumption.

	Nokia Networks, Nokia
	For now, we can confirm the RAN2#86 assumption but agree with Samsung that the issue could still be considered further if RAN1 decides otherwise.

	Alcatel-Lucent
	We agree with ZTE that the RAN2 assumption should be confirmed as agreement. Furthermore, if RAN 4 agrees with RAN 1 agreement that the DRS RSRP should have comparable measurement performance as legacy CRS measurement, there is no need for the UE to know the cell state.

	NVIDIA
	We agree that this assumption could be confirmed.

	Intel
	We think that RAN2 assumption can be confirmed, i.e. UE can perform DRS measurements (once configured by network) without knowing the cell state.

	Qualcomm Incorporated
	RAN2 assumption can be confirmed.

	MediaTek
	We think the assumption can be promoted to agreement. The question is whether DRS can completely replace the CRS RRM measurement, this is to be confirmed by R4.

	ETRI
	We agree with CATT’s view. Namely, we think RAN2 assumption could be confirmed.  


Rapporteur’s summary:
17 companies provided their view on this issue.

Majority companies (16 out of 17) think that RAN2 assumption could be confirmed.
Proposal 3: UE can perform DRS measurements (once configured by network) without knowing the cell on/off state.
2.2 Measurement configuration
2.2.1 DRS measurement configuration as part of Measurement Object
DRS measurement relevant configuration is still under discussion in RAN1, which might consist of the following (to be decided by RAN1):

· DRS measurement timing configuration (DMTC) per frequency
· DRS occasion information 
· CSI-RS resources configuration
· …
Currently, there is one measurement object per frequency. It is assumed that we shall continue with the current RRM principle and DRS related measurement configurations for a frequency will be linked to the same measurement object. Correspondingly, we need to extend the existing IE MeasObjectEUTRA to include the DRS related measurement configuration.
Companies are invited to discuss whether DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.
	Company
	Comments

	ZTE
	Agree with the rapporteur that DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.

	Samsung
	We agree the DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.

	DOCOMO
	We agree that the DRS related measurement configurations could be included in the existing IE MeasObjectEUTRA.

	CATT
	We agree that existing MeasObjectEUTRAN can be reused but we wonder if it is correct that there is one measurement object per frequency. With the introduction of DRS, the cell list could be different according to the signals that UE should measure. For example, UE should perform CRS based measurements of all the cells on one frequency, but CSI-RS based measurements of only a few cells on that frequency. It seems unavoidable to configure different measurement objects for different signal measurements.

	Fujitsu
	DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.

	Huawei, HiSilicon
	We agree that DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.

	LG
	We agree to extend the existing IE MeasObjectEUTRA to include the DRS measurement configuration. In addition, a reference signal indication should be included in the MeasObjectEUTRA to let UE know the type of reference signal to measure.

	Ericsson
	Since DRS would be configured per frequency it would make sense to configure it as part of the existing MeasObjectEUTRA.

	Nokia Networks, Nokia
	The basic per-carrier information (e.g. DMTC, CSI-RS resources to measure) should be added to the measurement object (i.e. MeasObjectEUTRA) to avoid issues with measId swapping at inter-frequency handovers.

However, we think it would be desirable to be also able to configure which events are applicable for DRS measurements and which are not. Hence, some DRS configuration could also be needed in the reporting configurations, i.e. in reportConfigEUTRA.

	Alcatel-Lucent
	Yes, DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA

	NVIDIA
	We agree that DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA. Details of the configuration are still being discussed in RAN1.

	Intel
	We agree that DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.

	Qualcomm Incorporated
	Makes sense to use Measurement Object for configuring DRS. We think CSI-RS configuration should always be associated with a CRS measurement in order to limit the number of TP to be measured by the UE.

	MediaTek
	We agree DRS measurement relevant configuration could be included in the existing IE MeasObjectEUTRA.

	ETRI
	We agree that configuration of DRS measurement can be set up as part of the existing IE MeasObjectEUTRA.


Rapporteur’s summary:
17 companies provided their view on this issue.

Majority companies (16 out of 17) think that DRS measurement configuration could be configured as part of the existing IE MeasObjectEUTRA.
Proposal 4: DRS measurement configuration is configured as part of the existing IE MeasObjectEUTRA.
2.2.2 Separate configuration with CSI-RS resources defined in Rel-10/11
In the current specification, there are CSI-RS resource configurations defined in Rel-10/11 (i.e. CSI-RS-Config-r10 and CSI-RS-ConfigNZP-r11). For the CSI-RS resource configuration in DRS measurement configuration, it is proposed to define a separate IE for it, because DRS measurement for small cell on/off could be configured independently with Rel-10 PDSCH muting and Rel-11 CoMP. Even if DRS measurement are configured together with Rel-10 PDSCH muting and Rel-11 COMP, CSI-RS resource for RRM measurement might have different number of antenna ports as well as different duty cycle and subframe offset with the Rel-10/11 CSI-RS resource for L1 CSI report. Up to eNB configuration, CSI-RS resources configured for L1 CSI report and CSI-RS resources configured for RRM measurement might concern the same CSI-RS RE, however it seems not necessary to do the optimizations from RRC signalling perspective.
Companies are invited to discuss whether the CSI-RS resources configured for L1 CSI report and the CSI-RS resources configured for RRM measurement should be specified independently from RRC signalling perspective.
	Company
	Comments

	ZTE
	We think they should be specified independently considering that the antennas actually being used for data transmission and the antennas to detect are different.

	Samsung
	In our view the CSI-RS resources configured for L1 CSI report and the CSI-RS resources configured for RRM measurement should be specified independently from a RRC signalling perspective.

	DOCOMO
	We agree with rapporteur that the CSI-RS for L1 CSI report and the CSI-RS for DRS-based RRM measurement should be specified independently.

	CATT
	We see the benefit to introduce a separate configuration for CSI-RS resource definition for DRS but needs to further indicate which is for L1 CSI report and which is for RRM measurement.

	Fujitsu
	Independent configuration makes sense

	Huawei, HiSilicon
	We agree that CSI-RS resources configured for L1 CSI report and the CSI-RS resources configured for RRM measurement should be specified independently from RRC signalling perspective.

	LG
	This issue is under discussion in RAN1 and we should wait their progress.

	Ericsson
	We think configuration of CSI-RS resources for DRS-based measurements should be defined independently from an RRC signalling perspective.

	Nokia Networks, Nokia
	We agree that the DRS resources UE measures require a separate configuration from the Rel-11 CSI-RS processes.

However, whether the same IE definitions as for Rel-10/11 (i.e. parts of the ASN.1 structure of the Rel-11 CSI-RS) can be used depends on the exact details needed for the DRS.

	Alcatel-Lucent
	We also think that CSI-RS resource configuration for CSI reporting and RRM measurement should be specified independently.

	NVIDIA
	We agree it is beneficial to have a separate configuration. The exact configuration parameters are still being discussed in RAN1.

	Intel
	We agree that the CSI-RS resources configured for L1 CSI report and the CSI-RS resources configured for RRM measurement should be specified independently.

	Qualcomm Incorporated
	Independent configuration makes sense.

	MediaTek
	We agree to have a new independent configuration for CSI-RS resource configured for RRM measurement.

	ETRI
	In principle, we think that CSI-RS resources configured for L1 CSI report and the CSI-RS resources configured for RRM measurement should be specified independently. Since this issue however is under discussion in RAN1, we think it should depend on RAN1’s decision. 


Rapporteur’s summary:
17 companies provided their view on this issue.

Majority companies (15 out of 17) think that the CSI-RS resources configured for L1 CSI report and the CSI-RS resources configured for RRM measurement should be specified independently from RRC signalling perspective.
Proposal 5: CSI-RS resources configured for L1 CSI report and CSI-RS resources configured for RRM measurement should be specified independently from RRC signalling perspective.
This proposal may need to be revisited based on the RAN1 decision at RAN1 #78.
2.2.3 Independent CRS based and CSI-RS based measurement configuration
According to the current RAN1 agreements, CRS will always be included in the DRS. Additionally, based on the eNB configuration, CSI-RS might be included in the DRS.
Then, if CSI-RS is included in the DRS, should eNB configure the UE to perform CRS based measurement and CSI-RS based measurement simultaneously? Below are possible alternatives:
· Alt 1: eNB always configures the UE to perform both CRS based measurement and CSI-RS based measurement;
· Alt 2: eNB could choose to configure the UE to perform either CRS based measurement or CSI-RS based measurement, or both.
· Alt 3: The CRS based DRS measurement is always configured. While the CSI-RS based measurement is optional. (Note from rapporteur: actually Alt. 3 is the same as Alt.1)
For Alt 2, the possible use case is that in some scenarios (e.g. dense small cell deployment scenario) CSI-RS based measurement might have a better performance than CRS based measurement. From the perspective of UE measurement complexity and measurement report signaling overhead, it might be beneficial for the UE to only perform the CSI-RS based measurement in such scenarios. 
For Alt 2, eNB could decide which type of RRM measurement to configure based on the neighbouring cell information. For example, if there are neighbouring cells which only transmit CRS (i.e. legacy cells, or cells not operating on/off) on a particular carrier frequency, then eNB could configure the UE to perform both CRS based measurement and CSI-RS based measurement; otherwise, eNB might choose to configure the UE to only perform the CSI-RS based measurement. Alt 2 provides more freedom to the network.
Companies are invited to discuss which above alternative is preferred.
	Company
	Comments

	ZTE
	Suggest introducing Alt 3: The CRS based DRS measurement should be always configured since it's the baseline. While the CSI-RS based measurement is optional.

	Samsung
	Based on 2.1.2, if DRS-only measurement performance is not sufficient relative to legacy cell requirements, we assume that both legacy and DRS measurements could be configured for the same carrier frequency. We would like to know if this is the common understanding among the companies.

In addition, based on that assumption we think that measurement configuration of a particular UE for one carrier frequency may include the following alternatives:

a) All cells are measured with legacy CRS measurement only

b) All cells are measured with new CRS measurement only (CRS of DRS)

c) All cells are measured with CSI-RS of DRS measurement only

d) All cells are measured with new CRS and CSI-RS measurement (CRS and CSI-RS of DRS)

e) Some cells are measured with legacy CRS measurement and some other cells with new CRS measurement (CRS of DRS)

f) Some cells are measured with legacy CRS measurement, some cells with new CRS, and some cells with new CSI-RS measurement (CRS and CSI-RS of DRS)

In our view, case a) is supported by default and c) is aligned with the discussion of the use case of Alt 2. Alternatives b) d) e) f) should be further discussed based on RAN4 evaluations of DRS performance requirements.
[Huawei, HiSilicon] For cells on the same carrier frequency, do you mean UE needs to know which cell(s) are operating cell on/off and which cell(s) are not? For cells operating on/off, UE needs to know the cell on/off state? Why it is relevant to the RAN4 evaluation on DRS performance requirements?



	DOCOMO
	We support Alt. 2. In RAN1 evaluation, it has confirmed that with no interference coordination or in asynchronous scenario CRS performs better, while in some cases CSI-RS performs better with large number of detectable cells and better RRM accuracy for weaker cells. In that sense, either CRS or CSI-RS can be used as DRS for RRM measurement in the different cell ID case according to the synchronization/coordination scenarios.

	CATT
	 For DOCOMO’s comment, RAN1 has no conclusion whether CSI-RS based measurement can be configured alone without CRS. On the contrary, RAN1 concluded that CRS should always be transmitted in a DRS burst while CSI-RS is optional. Therefore the natural consequence is that CRS based measurement is always supported while the CSI-RS based measurement is configurable. 

We agree with ZTE that Alt 3 should be introduced. Actually, RAN1 is discussing the same issue and we should wait for RAN1 conclusion.

	Fujitsu
	We think that the simplest solution is Alt 1 where the eNB always configures the UE to perform both CRS based measurement and CSI-RS based measurement but although CSI-RS-based measurement is configured, this configuration will make sense only after CSI-RS is configured as a part of DRS; Any limitations on possible combinations of configurations could be handled by RAN1.
A particular special case would be a PCell or single serving cell. There could be a DRS configuration for that frequency (assuming this is supported), but the UE can still assume that CRS are present and therefore legacy RRM measurements could be made on the PCell/serving cell. 

For other cells on the same frequency the DRS measurements assumptions would apply.

	Huawei, HiSilicon
	We support Alt. 2.

	LG
	We support Alt 3.

	Ericsson
	Our understanding is that this question is already being discussed in RAN1 (e-mail discussion 77-23b). We think it is sufficient to discuss this question in RAN1.

	Nokia Networks, Nokia
	We prefer Alt3. The above formulation is also fine, our formulation would’ve been: 

· Alt 3: The eNB always configures UE to perform CRS-based DRS measurements, and the eNB can choose whether to configure the UE with CSI-RS based DRS measurements.
We think this would best fit the RAN1 intention to always have CRS included in the DRS. Since the UE is anyway required to perform CRS measurements in the normal carrier, it seems odd to turn them CRS measurements off. Even in the case of heavy CRS interference, it would be beneficial to eNB to obtain the measured CRS value of the DRS.

	Alcatel-Lucent
	If RAN 4 confirms that DRS measurement is comparable to legacy CRS measuremnet, CRS based DRS RRM measurement is the default RRM measurement for a Rel-12 small cell ON/OFF capable UE per measObject/frequency. Such UE can optionally be configured with CSI-RS based DRS configuration and UE will also need to perform CSI-RS based DRS RRM measurement on top of CRS based DRS RRM measurement

	NVIDIA
	We prefer Alt3, basically for the reasons outlined by Nokia.

	Intel
	We support Alt. 3.

	Qualcomm Incorporated
	Alt.3. In addition, CSI-RS configuration should be associated with CRS, i.e. signalling should be a cell list, in which TPs are associated with each cell.

	MediaTek
	Agree with NSN that CRS-based DRS measurement is default and CSI-RS-based DRS measurement is optional, therefore, prefer Alt.3.

	ETRI
	We support Alt.3.


Rapporteur’s summary:
17 companies provided their view on this issue.

For DRS measurement:

1) 3 companies (DOCOMO, Huawei, HiSilicon) think that eNB can choose to configure CSI-RS based measurement alone (i.e. not necessarily together with CRS based measurement). In some cases CSI-RS performs better with large number of detectable cells and better RRM accuracy for weaker cells. In that sense, either CRS or CSI-RS can be used as DRS for RRM measurement in the different cell ID case according to the synchronization/coordination scenarios. This provides more freedom to the network.
2) 12 companies (ZTE, CATT, Fujitsu, LG, Nokia Networks, Nokia, Alcatel-Lucent, NVIDIA, Intel, Qualcomm, MediaTek, ETRI) think that eNB always configures UE to perform CRS based measurement, and eNB can choose whether to configure the UE with CSI-RS based measurements. This would fit the RAN1 intention to always have CRS included in the DRS.
It seems that majority companies prefer the option 2.
Proposal 6: The eNB always configures UE to perform CRS-based DRS measurements, and the eNB can choose whether to configure the UE with CSI-RS based DRS measurements.
2.2.4 Configuration of separate ID for each CSI-RS resource
As indicated in [3], RAN1 made the following agreement on TP identification:
· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination.
It seems beneficial to configure a separate ID for each CSI-RS resource within the DRS. The ID shall be able to uniquely identify the CSI-RS resource. Potential use cases of the ID are: 
· The ID can be used to indicate which CSI-RS resource is to be released by the UE;
· The ID can be used as a reference number for the CSI-RS resource in the measurement report thus the corresponding TP could be identified by the network.
If the need for an ID is confirmed, a generic and straightforward way is that the ID is defined and configured by the network. The range of ID can be the maximum number of CSI-RS resources that could be configured to the UE, which is FFS.
Companies are invited to discuss whether a separate ID for each CSI-RS resource in the DRS is needed.

	Company
	Comments

	ZTE
	Yes, a separate ID for each CSI-RS resource in the DRS is needed. We agree with rapporteur’s analysis.

	Samsung
	We agree that a unique, separate ID for each CSI-RS resource is needed. The range of ID is expected to be much larger than the size of existing CSI-RS config ID range. How the ID should be derived should be further discussed.



	DOCOMO
	We agree with rapporteur’s analysis. Considering the RRM measurement in dense small cell deployment, the range of ID should be larger than the size of existing CSI-RS config ID range. 

	CATT
	Does this ID indicate the separate CSI-RS resource mentioned in section 2.2.2?  If yes, we agree with a separate ID for each CSI-RS resource.

[answer from rapporteur] Yes.

	Fujitsu
	We agree with Samsung that a unique separate ID is needed but how this ID is derived required further analysis and discussion.

	Huawei, HiSilicon
	We agree that a separate ID for each CSI-RS resource in the DRS is needed.

	LG
	There is already separate ID for each CSI-RS resource, CSI-RS-ConfigNZPId (CSI-RS-ConfigZPId) in CSI-RS-ConfigNZP(CSI-RS-ConfigZP) and we can reuse these.

	Ericsson
	A separate ID can be useful.

	Nokia Networks, Nokia
	The linking of a CSI-RS resource to a measurement reporting configuration could be done similarly to measId, i.e. an “CSI-RS ID” links the CSI-RS resource and the measurement object. This would allow all measurement reports to refer to this ID in addition to the measId that triggers the UE measurement report.

Hence, we could adopt a structure that has

1) CSI-RS IDs, similar to the existing measIds (i.e. with Add/Mod + Release for the IEs)

2) Dedicated to CSI-RS resources (that the CSI-RS ID can refer to, just like measId)



	Alcatel-lucent
	Yes. It is needed for the management of the CSI-RS resource configurations for RRM measurement.

	NVIDIA
	We agree that such ID would be useful.

	Intel 
	We agree that a separate ID for each CSI-RS resource in the DRS is needed. How such ID is derived should be based on RAN1 discussion

	Qualcomm Incorporated
	It makes sense to define a separate ID.

	MediaTek
	We agree with rapporteur’s proposal.

	ETRI
	We agree that separate ID for each CSI-RS resource in the DRS is required. 


Rapporteur’s summary:
17 companies provided their view on this issue.

All the companies think a separate ID for each CSI-RS resource for DRS measurement is needed. As indicated by some of the companies, how such ID is derived / range of the ID is FFS.
Proposal 7: Specify a separate ID for each CSI-RS resource for DRS measurement. How such ID is derived / range of the ID is FFS.
2.3 Measurement evaluation 
2.3.1 Trigger type
It seems logical to reuse the existing trigger types for CRS based measurement for DRS.

Companies are invited to discuss which kind of trigger type should be supported for CSI-RS based measurement:
· Event
· Periodical
· Event triggered periodic
Note that current RRC procedures can support event triggered periodical reporting if reportInterval and reportAmount are properly configured, so it seems that no extra efforts are required in order to support event triggered periodic reporting for CSI-RS based measurement? Any view?
	Company
	Comments

	ZTE
	First, we are not sure about the statement of “It seems logical to reuse the existing trigger types for CRS based measurement for DRS.”.The issue of CRS based DRS measurement should be discussed carefully and we give an analysis in 2.3.2. 
Secondly, the report is only triggered upon the detection of a cell or TP. We don't see why “periodical” report is needed.
Thirdly, for “event triggered periodic” report, it could be used to represent whether the TP/cell’s signal keeps good enough as detectable for the UE. Please note that it could be also achieved by setting up “reportOnLeave” to the new introduced event. From the signalling overhead perspective, we consider “reportOnleave” with “event trigger” is better.
Finally, we would like to echo the rapporteur’s analysis on that “no extra efforts are required in order to support event triggered periodic reporting for CSI-RS based measurement”.

	Samsung
	All of the above trigger types can be supported for CSI-RS based measurement.

	DOCOMO
	We think all of the above trigger types can be supported even for CSI-RS based measurement.

	CATT

	Can be supported via reusing the existing asn1 structure. This IE is optional present and can depend on network configuration. So no extra efforts to consider these IEs.

	Fujitsu
	Event based triggers are required, this may be subdivided into CSI-RS triggers and CRS triggers

	Huawei, HiSilicon
	We think all the above trigger types can be supported for CSI-RS based measurement, given that no extra efforts are required. Extra specification efforts are required if we want to preclude some of the trigger types.

	LG
	We think all the above trigger types can be supported for CSI-RS based measurement without specification effort.

	Ericsson
	Supporting all three trigger types seems useful.

	Nokia Networks, Nokia
	At least event-triggered measurements should be supported for DRS measurements. 

If event-triggered periodical measurements can be supported without extra complexity, we think those could be supported as well.

Currently the periodical measurements are defined for only purposes reporting strongest cells for SON. (Note that even though the CGI reporting is defined with the periodical flag, it is not truly a periodical measurement.) Therefore, we see little benefit of having the periodical measurements used for the DRS.



	Alcatel-Lucent
	All the above triggers should be supported.

	NVIDIA
	Event trigger measurements should be supported. Other trigger measurements can also be supported as long as no extra effort is required.

	Intel
	We think all the above trigger types can be supported for CSI-RS based measurement.

	Qualcomm Incorporated
	All the trigger types can be supported.

	MediaTek
	Given that all triggers are already existed and no extra efforts are foreseen, we prefer to just support all triggers.

	ETRI
	We think all the above trigger types can be supported for CSI-RS based measurement with no extra specification effort. 


Rapporteur’s summary:
17 companies provided their view on this issue.

12 companies (Samsung, DOCOMO, CATT, Huawei, HiSilicon, LG, Ericsson, Alcatel-Lucent, Intel, Qualcomm, MediaTek, ETRI) think that all the existing trigger types (i.e. Event, Periodical and Event triggered periodic) should be supported for CSI-RS based measurement.
5 companies (ZTE, Fujitsu, Nokia Networks, Nokia, NVIDIA) think that anyway Event-triggered measurements should be supported for CSI-RS based measurement. 
It was also indicated by some companies that all triggers are already existed and no extra efforts are foreseen.
Proposal 8: All the existing trigger types (i.e. Event, Periodical and Event triggered periodic) are supported for CSI-RS based measurement.
2.3.2 New events
It seems logical to reuse the existing events for CRS based measurement for DRS.
As a start, it seems that the following new events could be considered for CSI-RS based measurement:
Event C1: CSI-RS resource becomes better than threshold
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ). 

· Hys is the hysteresis parameter for this event (dB)

· Thresh is the offset parameter for this event (dB)

Event C2: CSI-RS resource becomes offset better than a configured reference CSI-RS resource
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ). 

· Mrp is the measurement result of the reference CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ).

· Hys is the hysteresis parameter for this event (dB)

· Off is the offset parameter for this event (dB)

Event C1 could be used by the network to determine the TPs that are above an acceptable threshold, which could be considered to switch-on. If the leaving condition for Event C1 for a CSI-RS resource is satisfied, it means the corresponding TP is below an acceptable threshold, and network may consider to switch it off.
Event C2 could be used by the network to determine the TPs that are better than the current “serving TP”. Unlike cell, it is difficult to accurately define the “serving TP”, as a UE might be served by multiple TPs. Therefore, it is proposed to use the “reference CSI-RS resource” instead. The “reference CSI-RS resource” is configured by the network via RRC signalling, which could be one of the TPs in the serving cell that serves the UE.
Companies are invited to present views on the following:

1) Whether it is beneficial to define Event C1 and/or Event C2 for CSI-RS based measurement?
2) If Event C1 and/or Event C2 are considered beneficial, any comment on the definition of them?
	Company
	Comments

	ZTE
	1）Yes, we should define Event C1 and C2 for CSI-RS based measurement.

- Event C1 should be supported as baseline.

- Event C2 should be supported for some reasons, e.g., to avoid triggering the report by too many DRS(s).
2) The definition from “Rel 11 DL CoMP” could be inherited here. The detailed words are FFS.

As for CRS based measurement, we don’t want a rush conclusion that “It seems logical to reuse the existing events for CRS based measurement for DRS”. First, RAN4/RAN1 needs to be consulted to see if the CRS based DRS measurement result is comparable to legacy CRS measurement result. Then RAN2 can determine whether the new CRS measurement could be used for mobility purpose.

So far, we are a little inclined to limit the new CRS measurement for “cell detection” only but not for mobility purpose. In this case, new event similar to “C2 for CSI-RS measurement” (better than a cell in the detectedcelllist) might be helpful and usable.

	Samsung
	We agree it is beneficial to define Event C1 and Event C2 for CSI-RS based measurement, but further fine tuning to the definitions may be needed depending on further outcome from RAN1 or RAN4. For example, there could be a need to consider CSI-RS resource specific offset to take into account the RSRP imbalance between a TP with one port and another TP with two ports.


	DOCOMO
	Since the CRS measurement and the CSI-RS measurement are totally different in the shared cell ID scenario, we agree to introduce new event C1 and C2 for CSI-RS based measurement.

	CATT
	Firstly, we understand whether CSI-RS based RSRQ needs to be defined is under RAN1 discussion and we suggest removing this measurement quality at this time. If further conclusion is made in RAN1, we can update.
We think Alt 1 is beneficial and enough. The intention of the new IE is to find a UE entering or leaving a TP, from this point of view, we also think it beneficial to define different thresholds for entering or leaving a TP.

For Alt 2, it needs to define a reference CSI-RS resource. We are wondering whether network can properly set CSI-RS resource, otherwise, network needs to update the reference CSI-RS resource often as the signal quality change of the reference CSI-RS resource. To the opposite, if the signal quality of the reference TP is always strong (e.g under the macro cell coverage), then C2 cannot be triggered and network cannot knows the change of the other TPs.

	Fujitsu
	We also agree it is beneficial to define Event C1 and Event C2 for CSI-RS based measurement. It may be beneficial to allow consideration of the best TP, for example event C2 can be used to determine if the best TP has changed.

	Huawei, HiSilicon
	We agree to introduce new event C1 and C2 for CSI-RS based measurement. 
For Event C2, eNB may configure the CSI-RS resource of the best TP as the reference CSI-RS resource.

	LG
	We agree to define Event C1 and C2.

	Ericsson
	We support the use of Event C1, CSI-RS resource becomes better than a threshold. We also support the use of Event C2, CSI-RS resource becomes offset better than a configured CSI-RS resource.

	Nokia Networks, Nokia
	We think at least C1 (equivalent to the RRM event A4) should be introduced, with the option reportOnLeave similar to current A3 event. This would allow C1 to act as RRM event A2 in addition to having the A4 functionality.

For C2 (roughly equivalent to the RRM event A3), we are not sure how necessary it would be – the intent seems to be to detect the “change of best CSI-RS resource”, but that comes with the assumption that the configured reference resource is the best. It is unclear whether this event would provide benefits. Also the configured reference resource would need to be configured and measured, which creates additional configuration effort.

It is also unclear whether the comparison could be both intra- and inter-frequency, i.e. how the reference resource would be configured. It should be avoided that the network has to constantly reconfigure the reference CSI-RS resource.

	Alcatel-Lucent
	The existing events for legacy CRS measurement should be the baselined for DRS based measurement (CRS based DRS or CSI-RS based DRS measurement). Note that RAN 1 is still discussing the definition of CRS and CSI-RS RRM measurement.

	NVIDIA
	We agree events C1 and C2 would be beneficial.

	Intel
	We agree with CATT that CSI-RS based RSRQ measurement is under RAN1 discussion, and should be removed for now.

We agree that it is beneficial to define Event C1 and C2 for CSI-RS based measurement, and the definition might be further discussed depending on the discussion of RAN1 and RAN4.

	LG2
	- Event C1: We agree to define Event C1

- Event C2: We agree with Nokia that the best (or worst) CSI-RS resource will change frequently it is unclear whether this event would provide benefits. 

	Qualcomm Incorporated
	Seems sensible to define the suggested new events.

	MediaTek
	We agree Event C1. We would agree Event C2 if it can really be used to find the best CSI-RS, e.g. the reference CSI-RS can be the best CSI-RS.

	ETRI
	Event C1 : we support the introduction of event C1.

Event C2 : we agree with Nokia Networks/Nokia that it is doubtful whether the Event C2 is beneficial. 


Rapporteur’s summary:
17 companies provided their view on this issue.

On the proposed Event C1:
Majority companies (16 out of 17) think it is beneficial to define Event C1 for CSI-RS based measurement.
One company (Samsung) indicated that further fine tuning to the definitions may be needed depending on further outcome from RAN1 or RAN4. For example, there could be a need to consider CSI-RS resource specific offset to take into account the RSRP imbalance between a TP with one port and another TP with two ports.
Two companies (Nokia Networks, Nokia) indicated that the reportOnLeave mechanism could be applied to the Event C1.
On the proposed Event C2:
11 companies (ZTE, Samsung, DOCOMO, Fujitsu, Huawei, HiSilicon, Ericsson, NVIDIA, Intel, Qualcomm, MediaTek) think it is beneficial to define Event C2 for CSI-RS based measurement.
5 companies (CATT, LG, Nokia Networks, Nokia, ETRI) think it is unclear whether Event C2 would provide benefits. It should be avoided that the network has to constantly reconfigure the reference CSI-RS resource.
Majority companies think it is beneficial to define Event C2.
Proposal 9: Agree to specify Event C1 for CSI-RS based measurement, as follow:
Event C1: CSI-RS resource becomes better than threshold
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ). 

· Hys is the hysteresis parameter for this event (dB)

· Thresh is the offset parameter for this event (dB)

Proposal 10: Discuss whether Event C1 supports reportOnLeave.
Proposal 11: Agree to specify Event C2 for CSI-RS based measurement, as follow:
Event C2: CSI-RS resource becomes offset better than a configured reference CSI-RS resource
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ). 

· Mrp is the measurement result of the reference CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ).

· Hys is the hysteresis parameter for this event (dB)

· Off is the offset parameter for this event (dB)

Companies are also invited to discuss whether other new events are considered beneficial, if yes what is the exact proposal. 

	Company
	Comments

	ZTE
	For CSI-RS based DRS measurement, no other new events are foreseen as beneficial.

	DOCOMO
	Other new event may not be needed.

	Huawei, HiSilicon
	Other new events are not needed.

	LG
	Other new events are not needed.

	Ericsson
	We would also like an event “CSI-RS resource becomes worse than threshold”. We are not sure the suggested workaround in Event C1 (trigger on leave) is sufficient in all cases.

	Nokia Networks, Nokia
	No other events are foreseen to be needed.



	
	


Rapporteur’s summary:
8 companies provided their view on this issue.

7 companies (ZTE, DOCOMO, Huawei, HiSilicon, LG, Nokia Networks, Nokia) think that no other events (i.e. except Event C1 and Event C2) are foreseen to be needed.
One company (Ericsson) would also like an event “CSI-RS resource becomes worse than threshold”. They are not sure the suggested workaround in Event C1 (trigger on leave) is sufficient in all cases.
Proposal 12: There is no need to consider other new Events for CSI-RS based measurement.
2.3.3 Comparison between different measurement quantities
Currently, for each measurement event that involves the measurement results from two cells (i.e. Event A3, A5 and A6), the measurement results from different cells as well as the configured threshold shall concern the same measurement quantity. 

With the introduction of DRS based measurement, it seems logical to re-use the current measurement evaluation principle of applying comparisons only on the same measurement quantity. More precisely, any existing or new event should not involve the comparison between CRS RSRP and CSI-RS RSRP, as well as CRS RSRQ and CSI-RS RSRQ.

The following can be taken as working assumptions, which might need to be confirmed by RAN4:
· CRS based measurement and CSI-RS based measurement are not comparable, given that they are different measurement quantities;
· Legacy CRS based measurement and new CRS (within DRS) based measurement are equivalent, even they have different measurement sample rates and potential different measurement bandwidth. Hence, common events can be configured on a carrier frequency for legacy CRS based measurement and new CRS (within DRS) based measurement.
Companies are invited to discuss whether above could be considered as RAN2 working assumption.
	Company
	Comments

	ZTE
	1) We agree with the rapporteur’s analysis. CRS based measurement and CSI-RS based measurement are used for different purpose.

2) Not sure whether the statement is accurate. The word “Equivalent” is too strong. Till now we are still not sure about whether they are even comparable. It’s better to consult with RAN4/RAN1.

	Samsung
	In our view the above can be taken as a working assumption in RAN2.

	DOCOMO
	Although the CRS measurement and the CSI-RS measurement may be comparable in different cell ID scenario, they are not comparable at least in the shared cell ID scenario. In that sense, any event should not allow the comparison between CRS-based measurement and CSI-RS based measurement. We agree that common events can be configured on a carrier frequency for legacy measurement and new CRS-based DRS measurement. 

	CATT
	We want to ask for further clarification why we need to consider CRS based measurement should be compared with CRS-RS based measurement or not. Is there scenario in which this two quantities need to be compared? Additionally, we suggest removing CSI-RS RSRQ related description.



	Fujitsu
	We agree with the assumption that CRS based measurements and CSI-RS based measurements are not easily comparable. We also agree that common events can be configured We should ask for both these assumptions to be confirmed by RAN4.

	Huawei, HiSilicon
	In our view above could be considered as RAN2 working assumption.

	LG
	As for issue 2, we cannot sure the legacy CRS measurement and new CRS measurement are equivalent. This is RAN4 scope and we should wait their progress.

	Ericsson
	We think this would be an acceptable assumption, but it must be verified by other working groups.

	Nokia Networks, Nokia
	For CRS-based measurements, comparing legacy CRS and new CRS should be possible with few (if any) modifications to existing configuration.

Comparing e.g. a CSI-RS RSRP against a CRS RSRP measurement is less straightforward, but could still be possible. 

For both CSI-RS and CRS events of DRS measured quantities, we think that some additional (network-configured or fixed) offset would be necessary to have best comparability and account for (potentially) different measurement periods of the measured quantities. However, this seems like a topic more for RAN4.

	Alcatel-Lucent
	If RAN 1 defines the same definition for CSI-RS and CRS RRM measurement, then CSI-RS RRM and CRS RRM measurements are comparable. Hence we do not agree with WA#1. We are OK to consider WA#2 that legacy CRS and CRS based DRS RRM measurement are equivalent as a working assumption for now but it should be confirmed by RAN4.

	NVIDIA
	We have the same understanding as the rapporteur, the above can be taken as working assumption in RAN2.

	Intel
	We agree that above can be taken as RAN2 working assumptions.

	Qualcomm Incorporated
	We would like this issue to be discussed in RAN4 first.

	MediaTek
	We agree them can be the R2 working assumption for CRS RSRP measurement and CSI-RS RSRP/RSRQ measurement. Due to different RSSI, D-CRS RSRQ shall only be compared to D-CRS RSRQ.

	ETRI
	We think that CRS based measurements and CSI-RS based measurements are not easily comparable. Hence we agree that rapporteur’s analysis, if above working assumption is confirmed by RAN4. 


Rapporteur’s summary:
17 companies provided their view on this issue.

On the proposed RAN2 working assumption:
13 companies (ZTE, Samsung, DOCOMO, Fujitsu, Huawei, HiSilicon, Ericsson, Nokia Networks, Nokia, NVIDIA, Intel, MediaTek, ETRI) think this would be an acceptable assumption. In addition, 4 companies (DOCOMO, Nokia Networks, Nokia, Alcatel-Lucent) think CSI-RS based measurement and CRS based measurement may still be comparable, at least in some scenarios. One company think that the assumption should only be applicable to CSI-RS RSRP.
Rapporteur’s comments: if the Proposal 6 is agreed by RAN2, then it is not necessary to compare CSI-RS based measurement with CRS based measurement, although they might be comparable (as indicated by 4 companies). This is because CRS-based DRS measurement is always there.
Several companies indicated that the working assumption should be verified by RAN4.
Proposal 13: RAN2 takes the following as working assumptions, and then asks RAN4 to confirm:
· CRS based measurement and CSI-RS based measurement are not asked to be comparable with each other;
· Legacy CRS based measurement and CRS based DRS measurement are equivalent (or directly comparable). An event should allow the comparison between them.

2.4 Report configuration
2.4.1 Report configuration details

For the report configuration for CRS based measurement for DRS, it seems natural to reuse the current IE ReportConfigEUTRA.
For the report configuration for CSI-RS based measurement, the following alternatives could be considered:

· Alt 1: Configure the new events for CSI-RS based measurement as part of the current IE ReportConfigEUTRA 

· Alt 2: Configure the new events for CSI-RS based measurement with a new IE 

With Alt 1, the report configuration for CSI-RS based measurement is more consistent with that for existing CRS based measurement. The problem of Alt 1 is that some IEs within IE ReportConfigEUTRA might not be relevant to CSI-RS based measurement which should be clarified in the specification.
The IE triggerQuantity and reportQuantity need to be updated given that new measurement quantities will be introduced – CSI-RS RSRP and CSI-RS RSRQ (depends on further RAN1 decision).
Companies are invited to provide views on which above alternative is preferred. 
	Company
	Comments

	ZTE
	Regarding CSI-RS based DRS, we prefer using Alt 1. Don’t see any issues with current IE ReportConfigEUTRA.

	Samsung
	In our view, Alt 1 should be supported with an extension introduced for the IE reportConfigEUTRA. 

	DOCOMO
	We support Alt. 1.

	CATT
	Alt1 is fine for us. Also we suggest removing RSRQ related description.

[answer from rapporteur] it was already clarified in the analysis that CSI-RS RSRQ is depending on further RAN1 decision.

	Fujitsu
	We prefer Alt 1: Configure the new events for CSI-RS based measurement as part of the current IE ReportConfigEUTRA

	Huawei, HiSilicon
	We support Alt 1.

	LG
	We support Alt. 1. Without extension, network cannot know the RS type of reported results. If the network does not need to know, we don’t see any issues with current IE.

	Ericsson
	We have no strong preference, but it is often useful to reuse existing frameworks.

	Nokia Networks, Nokia
	Alt1 seems fairly straighforward.

The cleanest approach would be to start designing the CSI-RS IE from scratch and then decide whether it can be incorporated within reportConfigEUTRA. Hence, we think we should first consider how the CSI-RS is incorporated into the RRM measurements and then consider the best way to model that in ASN.1.

If the CRS is always measured when CSI-RS is measured (as we proposed in section 2.2.3), the CSI-RS reporting configuration would provide an additional condition for the event to trigger if the CSI-RS event is configured in the respective reportConfigEUTRA.

	Alcatel-Lucent
	No new event is required.

	NVIDIA
	We have no strong view on this.

	Intel
	We support Alt 1.

	Qualcomm Incorporated
	Extension of the existing reportConfigEUTRA seems sufficient.

	MediaTek
	No strong preference, reusing Alt. 1 seems sensible.

	ETRI
	We support Alt.1.


Rapporteur’s summary:
17 companies provided their view on this issue.

Majority companies (14 out of 17) prefer Alt 1- configure the new events for CSI-RS based measurement as part of the current IE ReportConfigEUTRA. 2 companies have no strong preference. 1 company thinks that no new event is required for CSI-RS based measurement.
Proposal 14: Configure the new events for CSI-RS based measurement as part of the current IE ReportConfigEUTRA.
2.5 Measurement reporting
2.5.1 Measurement report triggering framework
It seems logical to re-use the current measurement report triggering framework for CSI-RS based measurement, more precisely:

· We will introduce the csi-RS-TriggeredList (similar to cellsTriggeredList) into VarMeasReportList;
· A report is triggered when a new CSI-RS resource meets the entering condition for an event. All CSI-RS resources that passed the entering condition of the event are stored by the UE in csi-RS-TriggeredList until they pass the leaving condition;
· The measurement report contains all CSI-RS resources in the csi-RS-TriggeredList up to a configured maximum number of CSI-RS resources.

For CRS based measurement for DRS, it seems natural to reuse the current measurement report triggering framework, i.e. as specified in section 5.5.4.1 of TS 36.331 (using cellsTriggeredList).
Companies are invited to provide views on whether above statement is the common understanding.

	Company
	Comments

	ZTE
	For CSI-RS based measurement, we agree with rapporteur’s analysis.

	Samsung
	We support reusing the current measurement report triggering framework.

	DOCOMO
	We agree with rapporteur’s analysis.

	CATT
	Basically agreed. But we could clarify further that the entries number can go beyond the configured maximum number of CSI-RS resources? We understand both should be equal. So why we need to add a condition “up to a configured maximum number of CSI-RS resources.”?

[answer from rapporteur] the intention is to be more precise.

	Fujitsu
	Our preference is to re-use existing report triggering framework

	Huawei, HiSilicon
	We agree with the analysis.

	Ericsson
	The proposal seems like a sound starting point.

	Nokia Networks, Nokia
	The above seems mostly ok to us.

However, if we agree on an id for each of the CSI-RS resources (as discussed in section 2.2.4), then it seems logical that the ids would be the ones reported in the list of triggered CSI-RS. Therefore, only the CSI-RS id would need to be stored in the triggeredList (and reported to the eNB).

	Alcatel-Lucent
	Support reusing the current framework for the CSI-RS based measurement

	NVIDIA
	We agree with this analysis.

	Intel
	We agree with the analysis.

	Qualcomm Incorporated
	Agree to the analysis above.

	MediaTek
	We support reusing the current framework.

	ETRI
	We agree with above analysis. 


Rapporteur’s summary:
17 companies provided their view on this issue.

All the companies agree with rapporteur’s analysis and proposal.
Proposal 15: Agree on the following measurement report triggering framework:
· Introduce the csi-RS-TriggeredList (similar to cellsTriggeredList) into VarMeasReportList;
· A report is triggered when a new CSI-RS resource meets the entering condition for an event. All CSI-RS resources that passed the entering condition of the event are stored by the UE in csi-RS-TriggeredList until they pass the leaving condition;
· The measurement report contains all CSI-RS resources in the csi-RS-TriggeredList up to a configured maximum number of CSI-RS resources.

2.5.2 Measurement results
As mentioned in section 2.5.1, the measurement report will contain all CSI-RS resources in the csi-RS-TriggeredList up to a configured maximum number of CSI-RS resources.
There are two alternatives to include the measurement reports for CSI-RS based measurement, as follow:

· Alt 1: Include the measurement reports for CSI-RS based measurement as part of the current IE MeasResults;
· Alt 2: Include the measurement reports for CSI-RS based measurement in a new report IE.
With Alt 1, the measurement report for CSI-RS based measurement is more consistent with that for existing CRS based measurement. The problem is that PCell related measurements are always included in the measurement report even if UE is configured to only perform CSI-RS based measurement given that IE measResultPCell is mandatory, which will result in additional overhead.

For CRS based measurement for DRS, it seems natural to reuse the current IE MeasResults.
Companies are invited to provide views on which above alternative is preferred.
	Company
	Comments

	ZTE
	We prefer Alt 1. 

For both CSI-RS and new CRS based measurement, current IE MeasResults is feasible.

	Samsung
	We support Alt. 1.

	DOCOMO
	We support Alt. 1.

	CATT
	If we use a different measurement ID for CSI-RS measurement, here we also should adopt Alt 2. Furthermore, we understand till now there is no conclusion that UE is configured to only perform CSI-RS based measurement, so that we don’t need to consider this at this moment.



	Fujitsu
	Alt. 1 makes sense

	Huawei, HiSilicon
	We support Alt. 1.

	LG
	We support Alt. 1.

	Ericsson
	We have a slight preference for alternative 1. We do not think the overhead created by the PCell is too high.

	Nokia Networks, Nokia
	We think Alt1 looks good – no need to introduce a new report. 

The measurement results of the CSI-RS IDs that are reported should be in a new IE inside the MeasResults. The serving cells’ CRS results should also be reported as per legacy measurement reporting rules.


	Alcatel-Lucent
	Alt1 seems sufficient

	NVIDIA
	We have a preference for Alt1.

	Intel
	We prefer Alt. 1. 

	Qualcomm Incorporated
	Alt.1 seems sufficient.

	MediaTek
	We support Alt. 1.

	ETRI
	Alt.1 seems sufficient.


Rapporteur’s summary:
17 companies provided their view on this issue.

Majority companies (16 out of 17) prefer Alt 1- Include the measurement reports for CSI-RS based measurement as part of the current IE MeasResults.
Proposal 16: Include the measurement reports for CSI-RS based measurement as part of the current IE MeasResults.
2.6 Others
2.6.1 Layer 3 filtering
Currently, for CRS based measurement, both layer 1 filtering and layer 3 filtering will be performed to avoid measurement spike.
The behaviour of the layer 3 filters are standardised in TS 36.331, where the UE shall adapt the filter based on the input rate (which is implementation dependent) assuming that the configured filter is for a sample rate of 200 ms.
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For DRS based measurement (both CRS and CSI-RS), companies are invited to discuss whether layer 3 filtering is still applicable, and if applicable whether existing layer 3 filtering parameter values need to be modified, considering that DRS is only transmitted occasionally (i.e. with the periodicity of 40ms, 80ms, or 160ms, … depending on further RAN4 decision).
	Company
	Comments

	ZTE
	Layer 3 filtering is still applicable. 

	Samsung
	Layer 3 filtering is expected to still be applicable for DRS measurement, with details depending on the outcome of RAN4 discussion on supported DRS periodicities. 

	DOCOMO
	L3 filtering would be applicable.

	CATT
	Layer 3 filtering is the existing functionality. We are wondering if it still applies for DRS measurement results given than the DRS signal may not be transmitted often (e.g.160ms). If DRS transmission periodicity is relatively larger, the filtered measurement results cannot reflect the actual situation. But anyway, it seems a configuration issue and no extra specification effort is needed. 

	Fujitsu
	We agree with Samsung that this depends on RAN4 discussions

	Huawei, HiSilicon
	Layer 3 filtering is still applicable. It is FFS whether existing layer 3 filtering parameter values need to be modified.

	Ericsson
	Layer 3 filtering is expected to be applicable also for DRS measurement. The exact details will depend on the outcome of the discussion in RAN4.

	Nokia Networks, Nokia
	Both L1 and L3 filtering should be used for DRS measurements, just as with legacy CRS measurements. The possible values are for RAN4 to define.

In addition, also the CRS and CSI-RS measurements could potentially have different filtering parameters, depending on RAN4 decisions.

Therefore, from RAN2 viewpoint the signalling should allow for signalling for at least one L3 coefficient for DRS measurements.

	Alcatel-Lucent
	L3 filtering is also applicable to DRS based measurement.

	NVIDIA
	L3 filtering would be applicable.

	Intel
	Layer 3 filtering is applicable.

	Qualcomm Incorporated
	We would like this issue to be discussed in RAN4 first.

	MediaTek
	L3 filtering is still applicable can the working assumption in R2. We may need to revist 200ms filter rate once DRS periodicity is agreed in R4, but do not see a big problem.

	ETRI
	We think L3 filtering is applicable. However details should be confirmed by RAN4. 


Rapporteur’s summary:
17 companies provided their view on this issue.

Majority companies (15 out of 17) think that layer 3 filtering is still applicable for DRS based measurement (for both CRS based and CSI-RS based). For the details, e.g. whether existing layer 3 filtering parameter values need to be modified, and whether we need to revisit the assumption of 200ms sample rate, some companies indicated that it may depend on the outcome of the discussion in RAN4 on DRS periodicities.
Proposal 17: Layer 3 filtering is applicable for DRS based measurement (for both CRS based and CSI-RS based). The details are FFS.
2.6.2 s-Measure
Currently, the s-Measure defines when the UE is required to perform measurements, i.e. when the PCell RSRP is lower than s-Measure.
Small cell is deployed mainly for the offloading purpose, therefore, for small cell operating on/off, the s-Measure could be disabled or modified so that DRS measurement could be triggered more easily. However it seems that this is only a configuration issue?

Companies are invited to provide views on the s-Measure. Any enhancement on s-Measure is needed?
	Company
	Comments

	ZTE
	Current s-Measure is configured or disabled for all measurements. One possible enhancement is to make it configurable for eNB to enable or disable s-Measure for specific DRS based measurement.

	Samsung
	In our view enhancement on s-Measure is not needed for DRS.

	DOCOMO
	The s-Measure can be disabled by value “0” and the value can be very high in order to increase offloading opportunities even with good connection to PCell. So no enhancement seems needed. 

	CATT
	It is a configuration issue and no specification effort is needed.

	Fujitsu
	We do not see any huge gains in s-Measure for DRS, However, special consideration might be needed if DRS is configured for the PCell frequency

	Huawei, HiSilicon
	In our view no enhancement on s-Measure is needed.

	LG
	The s-Measure is applied to all legacy CRS based measurement regardless of the purpose. We also think the s-Measure enhancement has some benefit but it seems not essential and we want to minimize the standardization effort.

	Ericsson
	We see no immediate benefits in enhancing s-Measure for the support of DRS.

	Nokia Networks, Nokia
	The DRS measurements should ignore the existing s-Measure (which is intended for CRS-based legacy measurements).

If a s-Measure-like functionality is needed for DRS measurements, it should be configured separately. However, considering that eNB anyway configures the DRS measurements in dedicated signalling, it is up to the eNB to decide when the s-Measure configuration is needed and when it is not.

	Alcatel-Lucent
	DRS measurement should be independent of s-Measure.

	NVIDIA
	We have no strong view on this.

	Intel
	In our view enhancement on s-Measure is not needed.

	Qualcomm Incorporated
	No enhancement needed.

	MediaTek
	In general, DRS is mainly for load balance purpose, therefore, we think DRS measurement should ignore the existing mobility purpose S-Measurement (if configured).

	ETRI
	Enhancement on s-Measure is not needed.


Rapporteur’s summary:

17 companies provided their view on this issue.
12 companies (Samsung, DOCOMO, CATT, Huawei, HiSilicon, LG, Ericsson, Nokia Networks, Nokia, Intel, Qualcomm, ETRI) think that enhancement on s-Measure is not needed. S-Measure still applies to all the measurements. It is up to the eNB to decide when the s-Measure is configured and when it is not.
3 companies (ZTE, Alcatel-Lucent, MediaTek) think that DRS measurements should ignore the existing s-Measure, if configured.

Majority companies think that enhancement on s-Measure is not needed.
Proposal 18: Enhancement on s-Measure is not needed.
2.6.3 UE measurement wrt measurement gap and DRX
For inter-frequency DRS measurement, UE will perform the measurement on the configured measurement gaps. As indicated in [4], RAN1 made the following agreement on measurement gap:

· No new measurement gap pattern is introduced for DRS-based measurement
This means exiting measurement gap pattern configuration, i.e. a 6ms gap every 40ms or 80ms, will be reused. Network needs to ensure that measurement gap configuration is aligned with the DRS occasion configuration.
For intra-frequency DRS measurement, the current RAN4 RRM requirement is defined with the assumption that UE only needs to perform the measurement during the DRX on period. This means, for the sake of UE power saving, network needs to align the DRX configuration with the DRS occasion configuration.
In order to perform the DRS measurement, multiple UEs might be configured with the same measurement gap pattern and DRX pattern, which might impact the system throughput due to DRS measurement. However, this might not be a serious problem, considering that 1) not all UEs will be configured to perform DRS measurement simultaneously; 2) depending on RAN4 decision on DRS measurement performance requirement and DRS transmission periodicity, UE may not need to measure every DRS occasion hence different UEs could be configured with different measurement gap pattern and DRX pattern. Therefore, no further enhancement seems needed.
Companies are invited to provide views on the DRS measurement wrt measurement gap and DRX, and whether any enhancement on measurement gap and/or DRX is needed for DRS measurement from RAN2 perspective.
	Company
	Comments

	ZTE
	No enhancement on measurement gap and/or DRX is required.

	Samsung
	It is not clear to us how serious is the issue of DRS measurements with respect to DRX configuration. Further study is needed to determine if enhancements are necessary. 

	DOCOMO
	Considering the Rel-12 timeframe, enhancement on measurement gap and/or DRX should be postponed to future release. 

	CATT
	Yes, no further enhancement is needed and we should stick to RAN1 conclusion.

	Fujitsu
	We do not see any huge gains in enhancing measurement gap and DRX for DRS

	Huawei, HiSilicon
	In our view no enhancement on measurement gap and/or DRX is needed.

	LG
	No enhancement on measurement gap and/or DRX is required.

	Ericsson
	No benefits with introducing new measurement gaps or DRX enhancements have been showed so far.

	Nokia Networks, Nokia
	No new measurement gap patterns are needed, nor are new DRX cycle values.

However, RAN2 should still discuss how the gaps and DMTC occasions work together.

	Alcatel-Lucent
	For measurement gap, we should stick to what RAN 1 has agreed that no new pattern is introduced.

As for DRX, it would require more study by RAN1/RAN4 to decide whether further measurement is required during DRX off period.

	NVIDIA
	We do not see strong need for enhancement on measurement gap and/or DRX.

	Intel
	No enhancements is needed for measurement gap and/or DRX.

	Qualcomm Incorporated
	No enhancement needed.

	MediaTek
	As long as R4 requirement on DRS measurement can be met, we do not see a need to enhance DRX and MG, i.e. no new values. For DRX, for unlucky UE, there is chance that the DRX configuration does not have any overlap with DMTC, we would like to clarify UE has to wake up for DRS measurement to meet R4 requirement.

	ETRI
	There is no need of enhancement on measurement gap and/or DRX.


Rapporteur’s summary:

17 companies provided their view on this issue.
For measurement gap, all companies think that no enhancement is needed.
For DRX, majority companies (14 out of 17) think that no enhancement is needed. One company (Samsung) think that further study is needed to determine if enhancements are necessary. Two companies (Alcatel-Lucent, MediaTek) think that we should discuss whether further measurement is required during DRX off period. (Rapporteur’s comments: maybe this could be left to UE implementation?)
Proposal 19: Confirm that no enhancement on measurement gap is needed for DRS based measurement.
Proposal 20: No enhancement on DRX is needed for DRS based measurement.
3 Conclusion

RAN2 is kindly asked to discuss and agree on the following proposals:
Proposal 1: Exactly how the CSI-RS based measurements are going to be used (i.e. small cell/TP discovery, mobility) can be left up to network implementation. RAN2 will focus on the RRM framework design for CSI-RS based measurements.
Proposal 2: There is no need to explicitly support CoMP CRM with the CSI-RS based measurements. It is up to network implementation to use the CSI-RS based measurements.
Proposal 3: UE can perform DRS measurements (once configured by network) without knowing the cell on/off state.
Proposal 4: DRS measurement configuration is configured as part of the existing IE MeasObjectEUTRA.
Proposal 5: CSI-RS resources configured for L1 CSI report and CSI-RS resources configured for RRM measurement should be specified independently from RRC signalling perspective.
Proposal 6: The eNB always configures UE to perform CRS-based DRS measurements, and the eNB can choose whether to configure the UE with CSI-RS based DRS measurements.
Proposal 7: Specify a separate ID for each CSI-RS resource for DRS measurement. How such ID is derived / range of the ID is FFS.
Proposal 8: All the existing trigger types (i.e. Event, Periodical and Event triggered periodic) are supported for CSI-RS based measurement.
Proposal 9: Agree to specify Event C1 for CSI-RS based measurement, as follow:
Event C1: CSI-RS resource becomes better than threshold
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ). 

· Hys is the hysteresis parameter for this event (dB)

· Thresh is the offset parameter for this event (dB)

Proposal 10: Discuss whether Event C1 supports reportOnLeave.
Proposal 11: Agree to specify Event C2 for CSI-RS based measurement, as follow:
Event C2: CSI-RS resource becomes offset better than a configured reference CSI-RS resource

Entering condition: 
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ). 

· Mrp is the measurement result of the reference CSI-RS resource (dBm in case of CSI-RS RSRP, or in dB in case of CSI-RS RSRQ).

· Hys is the hysteresis parameter for this event (dB)

· Off is the offset parameter for this event (dB)

Proposal 12: There is no need to consider other new Events for CSI-RS based measurement.
Proposal 13: RAN2 takes the following as working assumptions, and then asks RAN4 to confirm:
· CRS based measurement and CSI-RS based measurement are not asked to be comparable with each other;
· Legacy CRS based measurement and CRS based DRS measurement are equivalent (or directly comparable). An event should allow the comparison between them.
Proposal 14: Configure the new events for CSI-RS based measurement as part of the current IE ReportConfigEUTRA.
Proposal 15: Agree on the following measurement report triggering framework:
· Introduce the csi-RS-TriggeredList (similar to cellsTriggeredList) into VarMeasReportList;
· A report is triggered when a new CSI-RS resource meets the entering condition for an event. All CSI-RS resources that passed the entering condition of the event are stored by the UE in csi-RS-TriggeredList until they pass the leaving condition;
· The measurement report contains all CSI-RS resources in the csi-RS-TriggeredList up to a configured maximum number of CSI-RS resources.

Proposal 16: Include the measurement reports for CSI-RS based measurement as part of the current IE MeasResults.
Proposal 17: Layer 3 filtering is applicable for DRS based measurement (for both CRS based and CSI-RS based). The details are FFS.
Proposal 18: Enhancement on s-Measure is not needed.
Proposal 19: Confirm that no enhancement on measurement gap is needed for DRS based measurement.
Proposal 20: No enhancement on DRX is needed for DRS based measurement.
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