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Discussion and Decision
1      Introduction
In RAN #77, it was agreed that UE categories are defined for marketing purposes and RAN observed industrial desire that the target data rates should be the same no matter which architecture option is to be deployed. Furthermore, it was decided that the UE category is not signaled to the network and so there is no Access Stratum functional impact if RAN1 and 4 confirm the solution suggested by RAN2. 

In order to decide the target peak data rate in DL and UL to be supported for Option 3 (by Dec 2017), RAN plenary tasked RAN1 to provide any input on methods, parameters or restrictions RAN should take into account when

deciding on the maximum throughput numbers for UE category for eMBB (for Dec/2017) and for URLLC (for June/2018). In response, RAN1 sent an LS informing approximate data rate formula to calculate peak data rate [2]. 

In this contribution, based on RAN1 agreed peak data calculation, we provide initial views on how NR UE category for NSA should be defined. 
2      Approximate peak data rate
In this section, we calculate potential peak data rate based on RAN1 approximate peak data formula shown below and the details are shown in Annex 1. 
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We assume the input parameters as follows. 
1. Number of PRBs: In NR, the maximum PRBs are different with respect to numerologies, bandwidth of operation and frequency range. As per TR 38.817-01, the maximum number of PRBs is 270 for 15kHz SCS (in 50MHz), 273 for 30kHz SCS (in 100MHz) and 135 for 60kHz SCS (in 100MHz). In the example calculation, we use 270 as the maximum number of PRBs in each 50MHz. Note that with other numerologies, the resulting peak rate numbers would be slightly different. The peak data rate is illustrated for various LTE+NR aggregated BWs from 50MHz to 250MHz. 
2. MIMO layers: 2layer and 4 layer are assumed in downlink and 1 layer and 2 layer in uplink are assumed as indicated. 

3. Modulation order: 64QAM and 256QAM are assumed in downlink and 16QAM and 64QAM are assumed in uplink as indicated.
4. Scaling factor: 1 and 0.75 are assumed in both downlink and uplink as indicated. 
5. For overhead (OH), OH = 0.14 is assumed for all links (downlink and uplink) for simplicity.  
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Figure 1: Example peak data rates for downlink
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Figure 2: Example peak data rates for uplink 
Based on the example peak data rate with respect to potential UE capability parameters, there are several aspects that need discussion: 
· It is observed that depending on capabilities (BW, MIMO, modulation order), different peak rates are achieved. Additionally, different scaling factor also results in different peak data rate. Given BW, MIMO, and modulation order are UE capabilities, different UEs may support different combination of these UE capabilities. In order to consider all different peak data rates, we may need to define a range of UE categories though 
Observation 1: Possible values of peak data rates are diverse with respect to the supported BW, MIMO capability, modulation order and scaling factor. 
Similar to LTE, if we define a number of UE categories with a fixed target data rate, we need to consider how an actual peak data rate can be mapped to a particular UE category. There could be two options as described below.  
· Option 1: UE declares a UE category if the calculated highest data rate is equal to or higher than the data rate in the corresponding UE category. 

· Option 2: UE declares a UE category if the calculated highest data rate is close to (with some margin) the data rate of the corresponding UE category. 

Between option 1 and option 2, option 2 would be more flexible because a UE can declare a certain UE category if it is capable of close to the target peak data rate. From the end user experience perspective, the margin between its actual peak data rate and the UE category peak data rate would not be perceptible. Furthermore, as described in the RAN1 LS, the data rate derived from the formula is approximate. The margin in option 2 allows for this approximation and also allows for the different overhead (OH) assumptions as per the RAN1 LS. 

However, if a certain UE category is defined to target a specific data rate, the potential margin can be limited to be close to the target data rate. Therefore, eventually, many UE categories would be required to indicate diverse peak data rate values and it would be opposite to industry demand to avoid the number of UE categories. 

Observation 2: If each UE category is defined for a specific target data rate value, then there can be too many categories due to diverse peak data rate values. Therefore, it may be needed to group combinations yielding similar data rates in to a single nominal category. 
From the peak data rate values in the Figures, it is observed that downlink and uplink data rate range is different if we consider practical MIMO capability and modulation order for uplink. Therefore, similar to LTE, we assume that UE category for downlink and uplink should be defined separately to give more flexibility based on market demand. 
Observation 3: It is necessary to decouple Downlink UE category and Uplink UE category. 
Based on the above observation, it would be beneficial to consider to define UE category with a range of data rate instead of targeting a certain data rate. Instead of having one peak data rate for UE category, each UE category is allowed for a certain range of data rates. The example of UE category with a range is shown in the following Table.  The exact range can be further discussed based on market demand. 
	
	Downlink
	
	Uplink

	1
	X<2Gbps
	1
	Y<750Mbps

	2
	 2Gbps=<X<4Gbps
	2
	750<=Y<2Gbps

	3
	4=<X<7Gbps
	3
	2=<Y<4Gbps


Table: Example of UE category definition

3      Conclusion
To determine UE categories for EN-DC, we would like RAN to discuss the definition of UE category. Based on the discussion in Section 2, we propose that UE category should be the range of peak data rates instead of targeting a specific data rate as shown below as an example.  
	
	Downlink
	
	Uplink

	1
	X<2Gbps
	1
	Y<750Mbps

	2
	 2Gbps=<X<4Gbps
	2
	750<=Y<2Gbps

	3
	4=<X<7Gbps
	3
	2=<Y<4Gbps
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RAN1
Annex 1: Approximiate Peak data rate equation
Note: maximum number of layers can take values 1,2,4 or 8. The modulation order Qm can take values 2,4,6 and 8 (i.e. QPSK=2, 16QAM=4, 64QAM=6 and 256QAM=8).
	The approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows. 
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wherein

· J is the number of aggregated component carriers in a band or band combination
· Rmax = 948/1024

· For the j-th CC,

· 
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 is the maximum modulation order 
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is the scaling factor 

· The scaling factor can at least take the values 1 and 0.75. 

· 
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is signalled per band and per band per band combination as per UE capability signalling

· 
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 is the numerology (as defined in TS38.211)
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 is the average OFDM symbol duration in a subframe for numerology 
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, i.e. 
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[image: image14.wmf](

)

j

BW

 with numerology 
[image: image15.wmf]m

, as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where 
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 is the UE supported maximum bandwidth in the given band or band combination

· 
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is the overhead and takes the following values

· 0.14, for frequency range FR1 for DL

· 0.18, for frequency range FR2 for DL

· 0.08, for frequency range FR1 for UL

· 0.10, for frequency range FR2 for UL

· Note: Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL 

· The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
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