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1
Introduction
From RAN2#96:
	1. The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.

2. RAN2 working assumption to be confirmed by RAN1

a/ Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
b/  Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.

3. The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.

4. RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.

FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied:

a/ best beam,

b/ N best beams,

c/ all detected beams

d/ beams above a threshold.

Other options are not precluded



From RAN1 Adhoc NR Spokane:
	Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or

· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH

· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded
· The additional RS for mobility if defined can be transmitted on multiple beams.
Agreements:

·  RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block. 

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set 

· The measured values are referred to “SS-block-RSRP” 

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode. 

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1) 
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS 

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode 

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility


RRM measurement has been discussed in RAN2, and with the above progress, the intention of this contribution is to give some further considerations on how to derive cell level quality based on measurements from individual beams (i.e. beam consolidation), including:
· How to introduce the “beam consolidation” into the current LTE measurement framework;
· Beam selection for the cell level quality derivation;
2
Discussion
2.1 Beam consolidation consideration
In RAN2#96, we have made an agreement that the RRM measurement framework in LTE would be taken as the baseline in NR. With the application of beamforming and beam sweeping in NR, UE measures one or more individual beams. For RRC involved L3 mobility, how to derive the cell level quality based on measurements from individual beams, i.e. “beam consolidation” needs to be resolved. There may be at least three different ways to introduce the “beam consolidation” into the current LTE measurement model:
Option1: beam consolidation before L1 filtering
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Fig.1 beam consolidation before L1 filtering
Option2: beam consolidation after L1 filtering but before L3 filtering
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Fig.2 beam consolidation after L1 filtering but before L3 filtering
Option3: beam consolidation after L3 filtering
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Fig.3 beam consolidation after L3 filtering
To help having some initial view of the measurement result in a high frequency scenario with the application of beamforming, some preliminary simulation have been performed, with results illustrated in Fig.4 and Fig.5.
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Fig.4 Serving cell vs. Neighbouring cell. 
(TTI: 50,100,200, consolidation of 3 best beams before L1 filtering)
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Fig.5 Measurement results of the best N (N=3) beams for the three different “beam consolidation” options
The high frequency channel is more sensitive to the environment. A trivial rotation and/or movement in the receiver, the sudden passing of an obstacle, or even the changes in weather will result in a channel quality variation. The setting of parameters should make sure that the measurement results can react to the rapid channel variation in time. From Fig.4, it can be seen that with the longer L1 filtering, the slower can the measurement results react to the rapid channel variation. In other words, the parameters currently in use for the low frequency should be re-evaluated carefully when applied for the high frequency.
Observation1. The L1 filtering related parameters (e.g. L1 filtering TTI) currently in use for the low frequency should be re-evaluated carefully when applied for the high frequency, aiming to quickly react to the rapid channel variation.

Fig.5 illustrates the measurement results of the best N (N=3) beams for the three different “beam consolidation” options. From the measurement results, no big performance difference can be found between these three “consolidation” options. For option3, each individual beam specific measurement result should be indicated to RRC to perform beam-level L3 filtering, which will definitely introduce excessive additional processing complexity, with no obvious measurement performance gain (as seen from Fig.5). So from this point of view, it’s unreasonable to perform “beam consolidation” after L3 filtering, especially when the number of beams detected by UE from serving and neighbouring is large. 
Observation2. Considering that excessive additional processing complexity will be introduced in option3 while no obvious measurement performance gain is seen, it’s unreasonable to perform “beam consolidation” after L3 filtering.
For option1 and option2, first of all, for the purpose of reliable beam management, whether some kind of beam specific L1 filtering is needed or not is dependent on RAN1’s decision. Secondly, the selection of how to introduce the “beam consolidation” into the current measurement model should be a tradeoff between the fast reaction to the rapid channel variation in the high frequency and the reliable derivation of the cell level quality. So, from this stage, with no big difference observed from the measurement results for option1 and option2, it may be too early to say which option is better. Some further system level simulation on mobility may be needed to evaluate which option is better, e.g. from the perspective of HOF rate, Ping-Pong rate, RLF rate, etc.
Proposal 1. Further system level simulation on mobility may be needed to evaluate which option is better between option 1 (consolidation before L1 filtering ) and option 2 (consolidation after L1 but before L3 filtering), e.g. from the perspective of HOF rate, Ping-Pong rate, RLF rate etc.
2.2 Beam selection for the cell level quality derivation
At RAN2#96, the following options were considered regarding which beams the UE should select from the detected beams in order to derive a cell level quality:
a/ best beam
b/ N best beams,
c/ all detected beams
d/ beams above a threshold.
Both high frequency and low frequency will be used in NR. For low frequency, in principle signals can be transmitted either with only one beam (e.g. omni-directional beam) or with multiple beams, which is up to implementation. While for high frequency, e.g. 28GHz, beamforming must be used to compensate for the high propagation attenuation. As indicated above, due to the sensitivity of the high frequency channel, minor changes in the environment will result in the changing of the beam level quality. So from this point of view it may not be a good choice to derive the cell level quality only based on a single beam (e.g. best beam). Instead, the cell level quality should be derived based on multiple beams with enough signal strength, for example, based on N beams which are above a threshold.
Based on the analysis above, we think that it’s better not to limit the selection of beams to only one single option. For the sake of scalability and flexibility, the selection of beams to derive a cell level quality should be controlled and configured by network. For example, N beams above threshold, where both the N and threshold are in the control of network.
Proposal 2. For the sake of scalability and flexibility, the selection of beams to derive a cell level quality should be controlled and configured by the network.
Assuming that N beams (N>1) above a threshold are considered to derive the cell level quality, the next question is whether any beam with signal strength above the indicated threshold can be selected as a candidate or some further restriction should be considered. The selection of beams should aim at revealing the actual physical propagation difference as much as possible. If a cell has a very high granularity for beams, then many correlated beams experiencing the same channel paths would be above a threshold, and these highly correlated beams will not provide an alternative path to the UE when a blockage happens. So it doesn’t seem  a good choice to select several highly correlated beams to derive the cell level quality.  For example, if the UE can detect 3 beams above a threshold from cell A with high correlation, and 3 beams from cell B with low correlation, the best beam of cell A might have the same quality as the best beam of cell B, and the remaining 2 beams of cell A might be slightly better than the remaining 2 beams of cell B. Without taking the correlation factor of beams into consideration when selecting beams, the derived cell quality of A may be better than B. But the fact is that cell B is more robust due to having more alternative paths or beams to serve the UE. 
Some kind of “beam grouping” concept has been discussed in RAN1. The beams within a beam group are highly correlated and experience similar channel propagation, while beams from different beam groups are with low correlation, e.g. with low correlation in terms of spatial correlation, channel response correlation, etc. When selecting N beams (N>1) for the cell level quality derivation, it sounds reasonable to also consider this “beam grouping” concept. In other words, beams with low correlation should be selected to derive a cell level quality. 
Proposal 3. If the cell level quality is derived from N beams (N>1), the correlation factor should be considered in the selection of these N beams, e.g. to select the N beams with low correlation.
Considering that both gNB and UE will use beamforming in high frequency. And UE measures one RSRP value using one of its Rx beam from a reference signal corresponding to a Tx beam transmitted by a gNB. It means that the RSRP is actually measured per beam pair. For example, assuming that a gNB has 32 Tx beams and a UE has 8 Rx beams, and we can get 32x8 RSRPs at one measurement sample (Ri,j represent the RSRP between gNB beam i and UE beam j ). The RRM measurement is performed to support cell level mobility. Different UE may have different antenna capability. Since RRM measurement is to derive a cell level quality and report to the gNB, the Rx-beam specific RSRP should be transparent to the gNB. So the ‘beam(s)’ selected to derive a cell level quality should be Tx beam(s) but not beam pair(s). In other words, the N beams selected to derive the cell level quality should be N Tx beams but not N beam pairs. 
Proposal 4. The cell level quality should derive from ‘Tx beams’ but not ‘beam pairs’. 
The cell level quality should derive from ‘Tx beams’ but not ‘beam pairs’. So the beam pair measurement results should be converted to Tx beam measurement results in the measurement model. The most straightforward way is to perform this converting before input to the measurement model, i.e. before position A in the measurement model. And according to Proposal3, the selected N Tx beams should be with low correlation. The beam pairs share the same Tx beam or Rx beam can be treated as high correlated. One simple way to convert the beam pair measurement results to Tx beam measurement results and select the low correlated beams as well is shown in Fig.6. At first, we chose the max RSRP (e.g. Ri,j) from the 32x8 RSRPs and secondly we remove the beam pairs share the same Tx beam or Rx beam with Ri,j form the matrix, and we get one candidate Tx beam for cell level quality derivation(e.g. Tx beam i). Then repeat the selection procedure above again and again until we have N candidate RSRPs or until the selected RSRP is blow a threshold. 
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Fig.6 Example of beam selection
Proposal 5. The beam pair measurement results should be converted to Tx beam measurement result before input into the measurement model.
3
Conclusion
In this contribution, some consideration on the cell level quality derivation is given with the following observations and proposals:
Observation1. The L1 filtering related parameters (e.g. L1 filtering TTI) selected in use currently for the low frequency should be re-evaluated carefully when applied for the high frequency, aiming to quickly react to the rapid channel variation.
Observation2. Considering that excessive additional processing complexity will be introduced in option3 while no obvious measurement performance gain is seen, it’s unreasonable to perform “beam consolidation” after L3 filtering.
Proposal 1. Further system level simulation on mobility may be needed to evaluate which option is better between option 1 (consolidation before L1 filtering ) and option 2 (consolidation after L1 but before L3 filtering), e.g. from the perspective of HOF rate, Ping-Pong rate, RLF rate etc.
Proposal 2. For the sake of scalability and flexibility, the selection of beams to derive a cell level quality should be controlled and configured by the network.
Proposal 3. If the cell level quality is derived from N beams (N>1), the correlation factor should be considered in the selection of these N beams, e.g. to select the N beams with low correlation.
Proposal 4. The cell level quality should derive from ‘Tx beams’ but not ‘beam pairs’. 
Proposal 5. The beam pair measurement results should be converted to Tx beam measurement results before input into the measurement model.
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