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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]RAN sent a LS to RAN1 invite RAN1 provide input for UE category definition [1]: 
RAN would like to invite RAN WG1 to provide any input on methods, parameters or restrictions RAN should take into account once deciding on the max. throughput numbers for UE category for eMBB (for Dec/2017) and for URLLC (for June/2018).
RAN2 also send a LS to RAN1 on UE categories and capabilities [2]. RAN1 discussed the questions from RAN2 and made the answers in Ad hoc#3 [3]. RAN1 agreed that a peak data rate could be determined by a set of L1 parameters such as modulation order, MIMO layers, and BW supported by the UE per band combination. 
In RAN1 #90bis, the following agreement was made.
Agreement: 
· Agree in principle to define a simple formula to send to RAN plenary to derive approximate maximum data rates, based on at least max TBS (normalised to a particular unit of time). Check details until RAN1#91, including identifying exactly which parameters should be included in the formula. 
In this paper, we give our further views on the formula. In addition, we propose to consider the UE total soft buffer size as a key parameter effecting the maximum throughput. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK127][bookmark: OLE_LINK128]Discussion 
The processing capability and the storage capability are two main factors on UE cost. They jointly define the UE category. The peak data rate a UE can support is the main metric of processing capability. There are two kinds of peak data rate, instant peak data rate and sustainable peak data rate. The instant time peak date rate depends on UE base band capability and the number of CC and BW supported by the UE per band combination. 
The easiest way to define instant peak data rate is as following:

                          (1)
where, 

is the maximum TB size.

is the transmission time duration for the largest TB size. 

M is the total number of TBs for all bands during .
In NR, RAN1 agreed to define that TB size is calculated based on information in DCI, that is, MIMO layers, MCS, scheduling configuration etc. Unlike LTE, NR supports a large range of spectrum. The base band capability and overhead for sub-6GHz may be different mmWave. Then the instant peak data rate can be indicated in the following way:

                     (2)




where, is the peak spectrum efficiency for band i. is the channel bandwidth for CC i.  is the total number of CC a UE supports. is determined by modulation order, code rate, the percentage for the data transmission in the whole channel bandwidth. Peak spectral efficiency can be expressed as below [5], 

                         (3)
where M is the highest modulation order, C is the highest achievable code rate, S is the spatial layer number, RE is the total available RE number per radio frame for the total channel bandwidth where the impact of bandwidth utilization is included, OH is the overhead on a radio frame, BW is the total channel bandwidth of the CC, T is the length of a radio frame.
Using equation (2) and (3), network can know the instant peak data rate UE supported. Some values in typical scenarios are shown in [5].
RAN1 has agreed that TB size can be obtained based on the DCI information. While all information needs to determine the TB size is known to the network. Equation (1) is more simple than equation (2)(3). So we prefer take equation (1) to determine UE instant peak data rate.
Proposal 1: UE instant peak data rate is derived with following formula:

                         



where, is the maximum TB size. is the transmission time duration for the largest TB size. M is the total number of TB for all bands during . 


In addition, as we shown in our paper [6], the actual data rate UE can be scheduled is limited by the total soft buffer size. In stead of instant peak data rate, the sustainable data rate indicates the actual UE throughput. For UE with soft buffer size, , the maximum sustainable data rate UE for continuous reception for  can achieved is 

                    (6)
In addition to the instant peak data rate, UE should report its sustainable data rate. Considering the relationship between the soft buffer size and HARQ RTT, either soft buffer size or the maximum HARQ RTT UE can support with the peak data rate can be reported to the network. 
Proposal 2: Both instant peak data rate and sustainable peak data rate should be considered. Either total soft buffer size or the maximum HARQ RTT for peak data rate UE can support should be provided to the network.

Conclusions 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we give our views on UE category and capabilities. We make the following two proposals:
Proposal 1: UE instant peak data rate is derived with following formula:

                         



where, is the maximum TB size. is the transmission time duration for the largest TB size. M is the total number of TB for all bands during .
Proposal 2: Both instant peak data rate and sustainable peak data rate should be considered. Either total soft buffer size or the maximum HARQ RTT for peak data rate UE can support should be provided to the network.
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