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1	Introduction
The intention of the email discussion to build the text proposal for capturing the RRM model in Stage-2 according to following:
[98#xx][NR] Measurement model TP (Samsung)
	Draft TP to capture the measurement model to be captured in 38.300.
	Intended outcome: Agreeable TP to be submitted to next meeting
	Deadline:  Thursday 2017-06-08 

At RAN2#97bis following agreements were made w.r.t RRM model [1]:
Agreements
1	The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.
2	The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:
a-	L1 filtering of beam measurements 
FFS Whether there is any additional specified filtering of the beam measurements
b-	Derivation of cell quality from one or more gNB beam quality
c-	L3 filter (RRC configured) of cell quality 
d-	Evaluation reporting criteria (RRC configured)


Further at RAN2#98 further agreements were reached as follows:
Agreements
1	There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.
2	There is no additional specified filter between the L1 filters and cell quality derivation function for the purposes of cell quality derivation
3	Same NR measurement model is applicable for measurements performed on CSI-RS or NR-SS.

The email discussion is planned in two-phases:
a. Phase 1: Interpretation of the above agreements to decide the correct model reflecting the above agreements (Deadline: 2017-06-05)
b. Phase 2: Upon building common understanding on the RRM model drafting the text proposal (Deadline: 2017-06-08)
[bookmark: _Toc478012008]2	Discussion for Phase 1

Option 1: Simplified RRM Model
In Option 1 as shown in Figure 1, the additional beam-specific L3 filters for beam measurements reporting is not shown to simplify the RRM model.
	


Figure 1

Option 2: RRM Model including N/X L3 filters for beam measurement reporting
In Option 2, the additional beam-specific L3 filters for beam measurements reporting is shown. The N beams (N <= K) measurements used to derive the cell quality metric are further L3 filtered. Out of the N L3 filtered beam measurements, X beams are reported by the UE in the measurement report (X <= N). There are two sub-options i.e. Option 2a as shown in Figure 2a and Option 2b as shown in Figure 2b depending on when the X beams are selected for measurement reporting.


Figure 2a (Option 2a) N beam-specific L3 filters



 Figure 2b (Option 2b) X beam-specific L3 filters

Option 3: RRM Model including K/X L3 filters for beam measurement reporting
In Option 3, the additional L3 filters for beam measurements reporting is shown. The K beam measurements at the output of L1 beam filters are further L3 filtered. Out of the K L3 filtered beam measurements, X beams are reported by the UE in the measurement report (X <= K). There are also two sub-options i.e. Option 3a as shown in Figure 3a and Option 3b as shown in Figure 3b depending on when the X beams are selected for measurement reporting.

Figure 3a (Option 3a) K beam-specific L3 filters


 Figure 3b (Option 3b) X beam-specific L3 filters
Even though one can argue how the X beams are selected is still open but it need not be seen as show stopper to move ahead with building common understanding on the RRM model. The criteria for selecting the X beams will be discussed at RAN2 NR Ad-hoc meeting which would basically result in configuration of RRC parameters. With that understanding in this email discussion it can be still discussed whether beam-specific L3 filtering is before or after X beam selection in the context of Option 2 and Option 3.
Option 4: Any another model
In option4, evaluation of beam reporting criteria is added for the purpose of report good enough beams based on option3.

 Figure 4a (Option 4a) K beam-specific L3 filters with evaluation of beam reporting criteria



Figure 4b (Option 4b) X beam-specific L3 filters with evaluation of beam reporting criteria
Question 1: Do any company think there are more options than those shown above to depict the RRM model?
	Company
	Do the 3 options shown in Figure 1, 2a/2b and 3a/3b reflect the agreements from RAN2#97bis and RAN2#98 to depict the RRM model? If no, please elaborate and depict the model as Option 4

	MediaTek
	Option 1 does not reflect the “beam reporting” agreements. Options 2a/2b and 3a/3b reflect the agreements on cell quality and beam quality reporting.

	Qualcomm
	Yes. And we think only Option3a could correctly reflect the current agreements.

	ZTE 
	1. For the case of single beam operation or for the multiple beam case that the NW doesn’t indicate the UE to report the beam measurement results, the additional L3 filter needs not to be configured. In other words, we think that the simplified RRM Model in option 1 should be the baseline and be captured in 38.300.
[bookmark: OLE_LINK1]2. For the sake of report good enough X beams, some kind of evaluation reporting criteria should be indicated for the beam reporting. We depict the option 4 which is based on option3 above.
3. For option 2/3, also for option 4, regarding whether the beam specific L3 filtering is before or after X beam selection. If we select x beam first, the selected x beams may be different for different measurement samples (for example, at the first sample, the selected best beams are beam 1, 2, 3. And at the second sample, the best beams change to 2, 3, 4 ), and it is also possible the actual number of selected/detected beams is different from time to time, how filtering are done for those cases?
It is also not clear whether some kind of evaluation reporting criteria should be introduced for the purpose of report good enough X beams.
So we think that the additional filter configured for the purpose of reporting beam measurement results should be captured later after the details are discussed much clearer.


	Nokia
	We agree with Qualcomm. Only Option 3a correctly reflects the status of current RAN2 agreements. Option 1 does not capture the agreement to have beam filtering for beam reporting purposes. Option 2a has two steps of “beam selection” (not compliant with RAN2 agreements): first beams are chosen for beam filtering and then subsequently, after filtering, for reporting purposes. 2b has beam selection before beam filtering, similarly to 3b. Finally, we do not see any potential benefits of Option 4 as the block called “beam selection for reporting” in 3a should be sufficient (i.e. no point to have also: “evaluation of beam reporting criteria”).
General remark – the naming is misleading, as now we have L3 filtering which denotes both beam filtering and cell quality filtering. Perhaps it is better to introduce another term, “beam filtering” or “Configurable beam filtering” which would be distinctive from “cell-level L3 filtering”. Actually, our RAN2#98 agreement does not say anything it is an “L3 filter” so let’s refrain from using such possibly misleading nomenclature.

	Samsung
	As pointed out by ZTE, option1 is simplified model which reflects the agreements correctly assuming the model is applicable for single beam operation. In multi-beam operation the reporting of beam measurements which are L3 filtered is up to network configuration so in that sense the simplified model still holds.
Option 2 is also correct depending on what criteria is used to select the X beams to be reported. If the X beams are subset of the N beams selected for cell quality derivation then this option is valid. Depending on the outcome of email discussion [98#32] which addresses the issue of beam measurement reporting it can be concluded whether Option 2 is valid option.
Option 3 as many companies pointed is more general model which would hold regardless of the outcome of email discussion [98#32].
@Nokia regarding the terminology for L3 filtering for beam measurements we can decide afterwards on selecting the model.

	Intel
	1 We agree that Option 1 can be used for single beam operation. 
2 As for multiple beams operation, we are not sure how option 2 can work. The best N beams are going to varies over time when measurement are sampled. As a result, different N beams will be selected in option 2 and hence missing filtering sample will occur in beam L3 filter.
3 For this reason, we tend to agree that option 3a should be used. Option 3b has similar issue as addressed above.

	Ericsson
	We agree with Qualcomm, Nokia, Intel and CATT that Option 3a is the only option that reflects the RAN2 agreements accurately (at least from a stage-2 point of view).
While we could debate option 2a/2b (although we think 2a/2b are unnecessarily restrictive and going beyond the RAN2 agreements), in our understanding the figure from Option 1 has already been excluded in the last meeting since: “There is an additional configurable filter per beam of the beam level measurements output from the L1 filter…”.

	CATT 
	Option 1 is more general and applicable for both single/multiple beam cell. To reflect the beam report and cell quality derivation measurement model, Option 3a correctly reflects the current RAN2 agreement. 



8 companies participated in the email discussion.
Summary for Q1:
· Three companies think Option1 does not reflect the beam reporting aspects.
· Four companies think Option1 is more general and applicable at least for the single beam operation
· Three companies think Option2 is restrictive. Two companies think Option2 is valid reflecting the RAN2 agreements
· One company think all options are valid and selection of the model depends on the how the X beams for measurement reporting is selected
· One company adds Option4 introducing evaluation reporting criteria for beam measurements
· Five companies think Option3a reflects the RAN2 agreements accurately

Question 2: What differences or similarities companies understand between Option 2 and Option 3 regardless of beam-specific L3 filtering is before or after X beam selection
	Company
	Views on differences or similarities for Option 2 and Option 3

	MediaTek
	If Option 2 (X<=N) is adopted, only beams considered for cell quality derivation can be reported. In contrast, Option 3 (X<=K, N<=K) allows the UE to report other beams.

	Qualcomm
	For difference between Option 2 and Option3, we share similar view as MediaTek. And we prefer Option 3 because Option 2 will make the selection of x best beam indices reporting depends on cell quality derivation (i.e. only beams considered for cell quality derivation can be reported), which was NOT agreed or even not discussed in RAN2 before. 
In addition, we also think Option2 will cause the issue that some beam L1 filtering information may be lost after the module “Beam Selection”, which will cause ambiguity in feedback x best beam identifiers. The detailed analysis could be found in our comments to Question 5.

	ZTE
	The main differences are:
Whether we need a combine beam selection function to select beams for cell quality derivation and to select beans for beam reporting. 
The relation between x and N, and the relation between x beams and N beams

	Nokia
	We share Qualcomm’s view. In Option 2, only the (subset) of beams already chosen for cell quality derivation, can be further processed (i.e. beam filtered) for the purpose of beam reporting which does not look optimal. 

	Samsung
	As pointed out in Q1, option 2 the beam reporting is linked to the beams selected for cell quality derivation. i.e. X <=N. We would like to know the motivation for X<=K, N<=X. For what purpose and what additional benefits are provided with Option 3.

	Intel
	We agree with MediaTek point of view. In addition, option 2 may occur missing samples the output of L3 filter may not be the same as option 3.

	CATT
	We share QC’s view. In Option 2 and Option 3b, the best N/X beams can be changed; some beam L1 filtering information may be lost after the module “Beam Selection”, which will cause ambiguity in feedback x best beam identifiers.

	Ericsson
	We share same view as Qualcomm, Nokia and Mediatek about the differences between options 2 and 3. And, as Qualcomm and Nokia pointed out, we also do not see a reason to limit the beam reporting only to beams used for cell quality derivation since purposes are different.
@Samsung: In some scenarios network may require beam-level information (X>1) so it can optimize ping-pongs vs. failure rate while set N<X for cell quality derivation so network gets earlier measurement reports (since averaging N beams delays report triggering). That alternative is not possible with option 2.



Summary for Q2:
· Six companies think in Option 2 only the (subset) of beams already chosen for cell quality derivation, can be further filtered for the purpose of beam reporting which is restrictive and sub-optimal.

Question 3: Do companies agree the actual criteria to select the X beams for measurement reporting is a separate discussion independent of the RRM model?
	Company
	Yes/No and if any views

	MediaTek
	Yes. The actual criteria to select the X beams are being discussed in other e-mail discussion [98#32], not here.

	Qualcomm
	Yes. We think the motivation of reporting selected x best beams is just to provide target cell’s RACH resource during handover, which is different from motivation of RRM. So, they should be separately discussed.

	ZTE
	The beam selection criteria such as ‘threshold’ should be discussed in measurement reporting, the other email discussion 98#32.  
But due to the introduction of the additional configurable filter, it will definitely impact the measurement model and should be discussed when capturing the measurement model, and as proposed in Q1, some kind of evaluation reporting criteria still can be discussed here.

	Nokia
	No. This should be a common RRM model and the discussion should be joint. Beam management is a part of the model as the same samples are processed. Thus, the operation shall be aligned.

	Samsung
	Beam measurement reporting through RRC based on L3 mobility is independent of beam reporting for beam management without RRC involvement. We prefer not to mix it.
The question is related to criteria for selection of X beam for measurement reporting which we think will be handled by email discussion [98#32]. Even though [98#32] is independent of RRM model, the outcome of [98#32] would affect the selected RRM model.  

	Intel
	Yes, the discussion can be separate.

	CATT
	Yes. We prefer to discuss he actual criteria to select the X beams are being discussed in other e-mail discussion [98#32], not here.

	Ericsson
	In our view, the stage-2 “Measurement model” should highlight the input / output measurements and their configurations related to RRM measurements performed by the UE. In our view, the agreed configurable filter is clearly part of the measurement model. 
Option 3a, preferred by most of the companies expressing their views so far, makes that explicitly clear.
In our view, saying option 3a is the most accurate and including the beam-level configurable filter in the model discussion does not preclude the fact that the details about how to select X beams for reporting and/or the details about how to select N beams for cell quality derivation will anyway be discussed in the next meeting (and in the case of X, at least initially discussed in the parallel email discussion about measurement reporting).
In this discussion , we only need to capture that X is configurable and not necessarily N, while the selection criteria and the detailed beam level information is within the scope of the other email discussion.



Summary for Q3:
· Six companies share the view the criteria for selection of X beams for measurement reporting can be handled by email discussion [98#32].

Question 4: If answer to Q3 is yes, then do companies think this email discussion can discuss whether beam-specific L3 filtering is before or after X beam selection in the context of Option 2 and Option 3? 
	Company
	Companies views on the placement of beam-specific L3 filter regardless of Option 2 or Option 3

	MediaTek
	The location of L3 filtering should still be discussed here. Our understanding to “criteria” is about e.g., whether to consider some threshold (See Q8 of [98#32]), etc. This kind of issues should be discussed in [98#32].

	Qualcomm
	Yes, it should be discussed for selection between Option3a and Option3b. And we prefer Option3a, i.e. beam-specific L3 filtering should be before X beam selection in Option 3. The detailed reason could be found in our comments to Question 5.

	ZTE 
	[bookmark: OLE_LINK2]Yes, the placement of additional filter should be discussed here, and as discussed in Q1, we think that it is not clear for “beam-specific L3 filtering is after X beam selection”. If we select x beam first, the inputs(x beams) of the x L3 filter may be changed from time to time , for example, at the first sample, the selected x=3 best beams are beam 1, 2, 3. And at the second sample, the best beams change to 2, 3, 4, how filtering are done for those cases?
So we think the additional L3 filter should be before X beam selection.


	Nokia
	Regardless of the answer to Q3: beam-specific filtering can be discussed here and should happen before the selection function – as argued by Qualcomm in Q5.

	Samsung
	Beam-specific L3 filtering and selection of the X beams to be reported in measurement report based on the RRC configured parameters can be left to UE implementation how the appropriate L1 sample history is maintained for L3 filtering for the X selected beams.

	Intel
	We prefer option 3a

	CATT
	Yes, we prefer option 3a. 

	Ericsson
	We also prefer Option3a. The placement of the beam-specific filtering should be part of the measurement model discussions.



Summary for Q4:
· All eight companies share the view that this email discussion can discuss the placement of beam-specific configurable filters whether it is placed before or after the selection of beams considered for reporting
· Further seven companies share the view that the beam-specific configurable filters should be placed before the selection of beams considered for reporting.
· One company thinks the beam-specific filters for measurement reporting is RRC configured and how the appropriate L1 sample history is maintained for L3 filtering for the X selected beams can be left to UE implementation.




Question 5: What option from those shown above depicts the correct RRM model to be captured in Stage-2?
	Company
	Which option from Figure 1, 2a/2b and 3a/3b depict the correct RRM model to be captured in Stage-2? Please motivate the selected option.

	MediaTek
	We prefer Option 2a. Since the purpose of beam reporting is for RACH configuration, and a UE should consider only beams it may use in target cell for both cell quality derivation and beam reporting, we prefer Option 2. Moreover, the reported X beams should be selected based on L3 filtered results rather than L1 filtered results.

	Qualcomm
	We prefer Option 3a, and we think only Option3a could correctly depict the current RRM agreements. We have two following reasons:
1) Issue of some beam information missing: Based on agreement 1 of RAN2#98, individual beams should be further filtered by L3 filter at least for purpose of x beam index reporting, which was the only agreement for L3 beam level reporting up to now in RAN2. This L3 filtering should be based on their beam index, and thereby UE should keep the history of measured L1 filtered per beam samples for L3 beam filtering. Otherwise, UE may have to mix different beam index in the same L3 filter, which makes reporting beam index impossible. But for Option2a/2b/3b, some L1 filtered beam information may be lost after the module “Beam Selection”, which will cause ambiguity in feedback x best beam identifiers. For example, in Option3b, assume that total beam number is K=6 and X=2 best beams are selected after the module “Beam Selection for reporting” based on L1 filtered beam quality. It is possible that beam 1 and 2 are selected in slot 1, but beam 3 and 4 are selected in slot 2 because beam3/4’s L1 filtered quality are stronger than beam 1/2 in slot 2. Then in slot 2, UE will not know how to do L3 filtering for beam 3 and 4 because UE does not have beam 3 and 4’s historical L1 filtered quality information (i.e. only beam 1 and 2 are selected in slot 1, and L1 filtered quality of beam 3/4 in slot 1 are dropped). Correspondingly, UE will not know how to feedback beam identifiers in this case. So, only in Option3a, UE could have all beam L1 filtered values for further beam L3 filtering and correct beam selection/reporting.  
2) Issue of coupling with cell quality derivation: as indicated in our comments to Question 2, Option2a/2b also have the issue that it makes function of beam indices reporting coupled with cell quality derivation, which was not agreed in RAN2.  

	ZTE
	As proposed in Q1, we think that we can only capture the basic RRM Model (i.e. option1) in Stage-2 currently.

	Nokia
	We share most of Qualcomm’s motivation outlined above (especially with respect to 1.). Current state of the RAN2 agreements can be reflected by 3a only and it could be suboptimal to make a beam selection before stabilizing those results in the course of beam-filtering.
Additionally, we would like to reiterate what we have expressed already during RAN2#98: with the currently available models (regardless of which of the aforementioned Options is selected) UE reports beams at RRC level, based on beam level filtering results, but derives cell quality using non beam-filtered L1 measurements. From our point of view it would seem more straightforward to use the same samples the UE reports, also for deriving the cell quality. Companies are kindly asked to reconsider this

	Samsung
	We agree with ZTE, based on the comments in Q1, for multi-beam operation the reporting of beam measurements which are L3 filtered is up to network configuration so in that sense the simplified model still holds.
Further based on comments to Q4, beam-specific L3 filtering and selection of the X beams to be reported in measurement report based on the RRC configured parameters can be left to UE implementation how the appropriate L1 sample history is maintained for L3 filtering for the X selected beams. So we prefer the simplified model Option 1 to be captured in Stage-2. 

	Intel
	Agree with Qualcom, our preference is also option 3a.

	CATT
	For beam measurement report model, we prefer Option 3a. But due to it is not mandated, for stage-2 spec, we think option 1 is sufficient. 

	Ericsson
	We agree with Nokia and Qualcomm that option 3a is the only one accurately capturing the RAN2 agreements.
In our view option 1 should be excluded from discussions, while we could accept that Option 3b is part of the phase II discussions.



Summary for Q5:
· One company prefers Option2a to be captured in Stage-2.
· Three companies think Option1 is sufficient to be captured in Stage-2. Since beam measurement reporting is optional depending on network configuration it can be excluded from the RRM measurement model for simplicity.
· Five companies prefer to Option3a to be captured in stage-2 

Recommendations for the RRM Model
· Option 3a can be considered as baseline to be captured in Stage-2. In Option3a, the cell quality derivation part is same like Option1 and Option2.
· It can be further discussed during the Ad-hoc meeting whether beam measurement reporting can be excluded from the RRM model for simplicity.
· During online meeting if it is agreed to capture Option 3a then the text proposal on the beam-specific filtering and selection of beams to be reported can be added. afterwards depending on the conclusion of email discussion [98#32].
· Phase-2 discussion for the text proposal to focus on the RRM model considering cell quality derivation aspects. Text Proposal provided in Section 3 also includes beam-specific filtering and reporting of beams.
3	Discussion for Phase 2 on text proposal
******************* TEXT PROPOSAL TO TS 38.300 ************************
X.X	Measurement Model


 
[bookmark: _GoBack]NOTE: K beams correspond to the measurements on NR-SS block or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.

[To discuss]: Whether to exclude the beam-specific filtering and reporting aspects from the above model and capture only the simplified model
-	A: measurements (beam specific samples) internal to the physical layer.
-	Layer 1 filtering: Internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) in not constrained by the standard.
-	A1: Measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.
-	Beam Consolidation/Selection: Beam specific measurements are consolidated to derive cell quality if N > 1, else when N = 1 the best beam measurement is selected to derive cell quality. The behaviour of the Beam consolidation/selection is standardised and the configuration of this module is provided by RRC signalling. Reporting period at B equals one measurement period at A1.
-	B: A measurement (i.e. cell quality) derived from beam-specific measurements reported to layer 3 after beam consolidation/selection.
-	Layer 3 filtering for cell quality: Filtering performed on the measurements provided at point B. The behaviour of the Layer 3 filters are standardised and the configuration of the layer 3 filters is provided by RRC signalling. Filtering reporting period at C equals one measurement period at B.
-	C: A measurement after processing in the layer 3 filter. The reporting rate is identical to the reporting rate at point B. This measurement is used as input for one or more evaluation of reporting criteria.
-	Evaluation of reporting criteria: This checks whether actual measurement reporting is necessary at point D. The evaluation can be based on more than one flow of measurements at reference point C e.g. to compare between different measurements. This is illustrated by input C and C1. The UE shall evaluate the reporting criteria at least every time a new measurement result is reported at point C, C1. The reporting criteria are standardised and the configuration is provided by RRC signalling (UE measurements).
-	D: Measurement report information (message) sent on the radio interface.
[To discuss]: Below text proposal for the beam filtering and selection of the beam measurement reporting can be agreed if not excluded from the model.
-  Beam filtering: Filtering performed on the measurements (i.e. beam specific measurements) provided at point A1. The behaviour of the beam filters are standardised and the configuration of the beam filters is provided by RRC signalling. Filtering reporting period at E equals one measurement period at A1.
FFS whether the terminology beam filtering for beam measurements is renamed to e.g. L3 beam filtering.
- 	E: A measurement (i.e. beam-specific measurement) after processing in the beam filter. The reporting rate is identical to the reporting rate at point A1. This measurement is used as input for selecting the X measurements to be reported.
-	Beam Selection for beam reporting: This selects the X measurements from the measurements provided at point E. The behaviour of the beam selection is standardised and the configuration of this module is provided by RRC signalling. 
-	F: Beam measurement information included in measurement report (sent) on the radio interface.
Layer 1 filtering will introduce a certain level of measurement averaging. How and when the UE exactly performs the required measurements will be implementation specific to the point that the output at B fulfils the performance requirements set in [RAN4 Ref]. Layer 3 filtering and parameters used is specified in [38.331] and does not introduce any delay in the sample availability between B and C. Measurement at point C, C1 is the input used in the event evaluation. Beam filtering and parameters used is specified in [38.331] and does not introduce any delay in the sample availability between E and F. 
******************* END OF TEXT PROPOSAL ************************
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