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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#77 meeting, the preliminary work plan of self evaluation was agreed in [1], where a three-step plan is made. At RAN#78 meeting, it was agreed in [2] that 3GPP will start Step 2 activity for self evaluation study, which includes the performance evaluation against the eMBB, mMTC and URLLC technical performance requirements as defined in Report ITU-R M.2410 (see [3]). 
The evaluation of these requirements would require technical expertise from RAN WGs including RAN1. To well progress the study, a work split on the evaluation of the technical performance requirements is proposed in [2], and it was agreed that RAN WG1 needs to take care of the technical performance requirements including user experienced data rate. Therefore, this document is submitted to RAN1 for consideration.
Definition and requirements of user experienced data rate
In Report ITU-R M.2410, the following definition and requirements of user experienced data rate are defined in subsection 4.3.
	User experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 
In case of one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate could be derived from the 5th percentile user spectral efficiency through equation (3). Let W denote the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency. Then the user experienced data rate, Ruser is given by:
		Ruser = W × SEuser                                                                              (3)
In case bandwidth is aggregated across multiple bands (one or more TRxP layers), the user experienced data rate will be summed over the bands.
This requirement is defined for the purpose of evaluation in the related eMBB test environment.
The target values for the user experienced data rate are as follows in the Dense Urban – eMBB test environment: 
–	Downlink user experienced data rate is 100 Mbit/s. 
–	Uplink user experienced data rate is 50 Mbit/s. 


Observation 1: User experienced data rate is defined as the “cell edge” user throughput (5% point of the CDF of the user throughput) in downlink and uplink.
Consideration of technical features for user experienced data rate evaluation
[bookmark: _Ref129681832]According to observation 1, it is seen that user experienced data rate is used to test the proposal’s capability on providing the 5th percentile user throughput.
It is noted that in Rel-15 NR WI, NR-LTE spectrum sharing is enabled to enhance the NR coverage (especially for UL) in early deployment. The key issues of NR early deployment include two aspects. On one hand, it is likely that NR would be first deployed on relatively higher frequency band (e.g., above 3 GHz) compared to existing systems. On the other hand, it would be good that early NR deployment can reach as good coverage as existing systems (e.g., LTE). However, the higher frequency band might limit the coverage when providing specific data rate, especially for uplink. It therefore may reduce the NR coverage (NR edge user throughput) if NR uses the same inter-site distance (ISD) as existing systems. This is a challenge for NR early deployment. “NR-LTE spectrum sharing” is designated to solve this problem.
For example, NR-LTE spectrum sharing allows NR UEs to transmit UL data on either a higher frequency band or a lower frequency band, where the lower frequency band might be co-existed / shared with the band allocated to LTE. By this means, some of the NR users (e.g., the users relatively far from NR serving TRxP) can benefit from the lower frequency band to achieve good channel condition and therefore keep good throughput (data rate) under the same ISD as previously deployed systems (e.g., LTE). Therefore, it is worthwhile to consider NR-LTE spectrum sharing mechanism to evaluate user epxerinced data rate.
Observation 2: It is worthwhile to evaluate NR-LTE UL spectrum sharing mechanism using macro layer with two frequency bands for UL user experienced data rate requirement in addition to macro layer single band case to verify the benefit in NR early deployment.
It is further noted that the evaluation configuration of multi-band (a case in Configuration C as defined in Report ITU-R M.2412) can be used to evaluate the NR-LTE spectrum sharing mechanism for user experienced data rate. In this case, the macro layer can be employed, and it is assumed that the macro TRxPs operate on two frequency bands, where NR UEs can use either band for data transmission.
Observation 3: The evaluation configuration of macro layer with two frequency bands can be used for the evaluation of NR-LTE spectrum sharing against the user experienced data rate requirement.
Consideration on evaluation methodology
According to Report ITU-R M.2412, the following evaluation methodology is defined.
	For one frequency band and one TRxP layer, user experienced data rate is derived analytically from the 5th percentile user spectral efficiency according to equation (3) defined in Report ITU-R M.2410. The bandwidth used should be reported by the proponent.
In case of multi-layer configuration, system-level simulation is used. In this case, the single user data rate may be aggregated over layers and/or bands. The user experienced data rate is derived from the 5th percentile point of the CDF of single user data rate.


From the above description we can see that for one frequency band and one TRxP layer, user experienced data rate can be derived from the supported system bandwidth and the 5th percentile user spectral efficiency analytically according to equation (3).
For NR-LTE UL spectrum sharing evaluation using the configuration of macro layer and two frequency bands, the following evaluation method is considered in accordance with the evaluation methodology defined in ITU-R M.2412.
It is assumed that an NR UE can camp on either frequency band of a macro TRxP. Denote the k-th UE’s throughput (data rate) as Rk, and it camps on frequency band fi (i=1 or 2) on uplink. The simulation bandwidth for frequency band fi is SBWi. The normalized user throughput is given by rk=SRk/SBWi, where SRk is the simulated user throughput on the simulation bandwidth for the k-th UE. Assume the supported system bandwidth on frequency band fi is BWi, then, similar to equation (3), the k-th UE’s throughput Rk is given by
Rk = SRk×Ci 									(2)
where Ci = BWi / SBWi with SBWi being the simulation bandwidth for frequency band fi and BWi bing the supported system bandwidth on frequency band fi (i=1 or 2).
After the k-th user’s throughput Rk is derived, we can collect all the users’ throughput to form the CDF of the user throughput, and get the 5th percentile point of the CDF as the user experienced data rate. 
The detailed evaluation procedure of user experienced data rate for the NR-LTE spectrum sharing scenario can be summarized as below.
	· Step1: Drop users in the network and each user selects its serving cell based on a predefined criteria. gNB configures UE’s frequency band.
· Step2: Data transmission simulation on each frequency band.
· Step3: Collect each user’s simulated throughput SRk on specific layer.
· Step4: For a given bandwidth for specific frequency band, calculate each user’s throughput Rk based on the equation (2).
· Step5: Generate the CDF of user throughput from all users on frequency band f1 and f2, and take the 5th percentile point of the user throughput CDF as the user experienced data rate.


Observation 4: For NR-LTE spectrum sharing, the above evaluation method can be employed where user throughput can be calculated from the simulated user throughput by equation (2).
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, consideration of user experienced data rate evaluation is presented. Based on the discussion, the following observations are derived.
Observation 1: User experienced data rate is defined as the “cell edge” user throughput (5% point of the CDF of the user throughput) in downlink and uplink.
Observation 2: It is worthwhile to evaluate NR-LTE UL spectrum sharing mechanism using macro layer with two frequency bands for UL user experienced data rate requirement in addition to macro layer single band case to verify the benefit in NR early deployment.
Observation 3: The evaluation configuration of macro layer with two frequency bands can be used for the evaluation of NR-LTE spectrum sharing against the user experienced data rate requirement.
Observation 4: For NR-LTE spectrum sharing, the above evaluation method can be employed where user throughput can be calculated from the simulated user throughput by equation (2).
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