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[bookmark: _Ref471484523]Introduction
It has been agreed in RAN2#98 that similar RRM model as in LTE with layer 1 (L1) and layer 3 (L3) filtering will be supported in NR. Figure 1 illustrates the agreed filtering mechanism in NR. In this contribution, some further detail regarding L3 filtering will be discussed.
[image: ]	Comment by Reza Moosavi: Changing this figure to our internal figure
[bookmark: _Ref494298664]Figure 1 RRM filtering in NR
[bookmark: _Ref477972447]Discussion
In LTE, L1 filtering is left to the UE implementation while L3 filtering is done as described in [1]. More specifically, the L3 filtering is performed as


where
Mn is the latest received measurement result from the physical layer;
Fn is the updated filtered measurement result;
Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and
a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by the quantityConfig.
As mentioned above, the filter coefficient a is configured via quantityConfig field which is included in MeasConfig information element in RRCConnectionReconfiguration message or in RRCConnectionResume message. Consequently, the same L3 filter coefficient will be used for RRM measurement and reporting for the subsequent measurement objects. 
1. [bookmark: _Toc461514225][bookmark: _Toc463000883][bookmark: _Toc463001397][bookmark: _Toc463013022][bookmark: _Toc463030102][bookmark: _Toc463053252][bookmark: _Toc463053289][bookmark: _Toc466011539][bookmark: _Toc471485785][bookmark: _Toc471486533][bookmark: _Toc471492265][bookmark: _Toc471499740][bookmark: _Toc471501324][bookmark: _Toc473532940][bookmark: _Toc473533018][bookmark: _Toc473533369][bookmark: _Toc477726043][bookmark: _Toc477972465][bookmark: _Toc477972559][bookmark: _Toc477973277][bookmark: _Toc477973290][bookmark: _Toc494304226]In LTE, the same L3 filter coefficient configured via RRC signaling will be used for all measurement objects.
While the above mechanism for choosing filtering coefficients seems sufficient in LTE, it might not be the case in NR, as NR might be deployed in higher frequencies than LTE, where channel characteristics can be changed more abruptly compared to lower frequencies. To show how filtering coefficient can affect the RRM measurements, we have performed a simple test. In this test, we have artificially simulated random realizations of RSRP values for a fast and a slow fading environment using a simple first order IIR filter of the form 

where  represents a channel realization at time , and  is a circularly symmetric random Gaussian variable with mean zero and standard deviation 1.  is set to 0.05 and 0.95 to represent fast and slow fading environment respectively. The filtering is performed using LTE L3 filtering on every forth channel realizations to account for in-frequent sampling with parameters K = 4 and K = 8. Figure 2 and Figure 3 show the results for the fast and the slow varying scenario respectively. As it can be seen, the two filtering coefficients have little effect on the RSRP for the slow varying channel while this is not true for the fast varying channel.  
[bookmark: _Ref494303489][image: ]  Figure 2 Illustration of filtering for a fast varying channel
[bookmark: _Ref494303545][image: ]Figure 3 Illustration of filtering for a slow varying channel
1. [bookmark: _Toc494304227]Choice of filtering coefficient affects the RRM measurements differently in the case of fast or slow channel variations. 

In the email discussion [99#32][NR] TP on RRM, summarized in R2-1710839, filtering configuration has been discussed. Most companies seem to agree that the usage of two different reference signals possibly having different beamforming configuration justifies the usage of different filter configurations, i.e., per RS type. One of the arguments used was that the fast and slow channel variations vary from one RS type to another.
1. In [99#32][NR] TP on RRM, most companies agree that the network can configure different filter coefficients for cell measurement results based on SS Block, cell measurement results based on CSI-RS, beam measurement results based on SS Block and beam measurement results based on CSI-RS.

A remaining open issue from that discussion was whether the filter coefficients in quantityConfig IE is part of measConfig as in LTE or not. And, if not, what would be different in NR to justify such a change. In our view, if configured in measConfig, as in LTE, the network has to configure the same filter coefficients for all measurements performed for a given RAT per measurement quantity as in LTE. Given the above observations and the fact that NR can be deployed in both high and low frequencies, possibly in a quite wide range of frequencies, RAN2 should first discuss the impact of filtering configurations for different carrier frequencies before making a decision on whether that should be configured per measurement object or measurement configuration. On the other hand, as at least one company expressed that configuring filters per measObject could require significant UE complexity we would like to understand to which extent that complexity could justify having a per RAT filter configuration. 
[bookmark: _Toc463053253][bookmark: _Toc463053290][bookmark: _Toc466011542][bookmark: _Toc471485786][bookmark: _Toc471486534][bookmark: _Toc471492266][bookmark: _Toc471499741][bookmark: _Toc471501319][bookmark: _Toc473532941][bookmark: _Toc473533019][bookmark: _Toc473533370][bookmark: _Toc477726044][bookmark: _Toc477972469][bookmark: _Toc477972564][bookmark: _Toc477973278][bookmark: _Toc477973291][bookmark: _Toc494304229]RAN2 to consider configurability of L3 filtering coefficient per measurement object as baseline, although we can discuss the potential UE complexity if any.
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, the same L3 filter coefficient configured via RRC signaling will be used for all measurement objects.
Observation 2	Choice of filtering coefficient affects the RRM measurements differently in the case of fast or slow channel variations.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to consider configurability of L3 filtering coefficient per measurement object as baseline, although we can discuss the potential UE complexity if any.
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