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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]During RAN1 #91 meeting and email discussion followed, RAN1 made the following agreement on UE peak data rate calculation and an LS about the agreements were sent to RAN2 and RAN [1]:
Agreement: 
The approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows. 
· 

· J is the number of aggregated component carriers in a band or band combination
· Rmax = 948/1024
· For the j-th CC,
· 
 is the maximum number of layers 
· 
 is the maximum modulation order
· 
is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· 
is signalled per band and per band per band combination as per UE capability signalling
· 
 is the numerology (as defined in TS38.211)
· 


 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
· 



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

In RAN1 Ad-hoc meeting #1801, RAN2 discussed the above LS and asked RAN1 to provide the background and the potential use cases where the UE reports the down scaled value per band and per band combination, taking into account RAN2 concern on the signaling overhead [2]. In current RAN2 specs, the scaling factor is defined as per CC signaling in BPC [3]. 
In addition, RAN2 sends an LS to RAN1 to ask RAN1 provide the views on the calculation of maximum data-rate of the LTE side of EN-DC operation [4]. 
RAN2 are discussing the values of L2 buffer, where the maximum data rate is used, and ARQ RLC may be derived from HARQ RTT [5]. RAN1 should provide the information to RAN2 for the definition of HARQ RTT.
In this document, we provide information for RAN2 questions on the formula of data rate calculation, for both SA and NSA UE, LTE and NR. In addition, the reference HARQ RTT for L2 buffer calculation purpose is given.
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Maximum data rate of NR UE
RAN1 has provided RAN1 the formula to calculate the maximum data rate for NR UE. It is determined by a set of L1 parameters such as modulation order, MIMO layers, and BW supported by the UE per band combination. UE can support many band combinations. UE venders prefer to have some flexibility to change some parameters to adapt to the change of band combination. For example, as shown in RAN4 R4-1803122, UE supports 4 layers in B1 and 4 layers in B2 but only total of 6 layers in B1_B2 combination. So RAN4 decided to define the number of MIMO layers as per band signaling, per CC signaling and per band combination signaling. For baseband capability limited UE, the maximum amount of data a UE can process is limited. For example, UE may support maximum baseband capability with 256QAM when the number of CC is 3. When the UE is configured to 4 CCs, the amount of data to be processed is increased to 4/3. However, UE baseband may not have the capability to proceed such. UE may want to decrease the modulation order to 64QAM when the number of CC is increased to 4. However, the maximum number of modulation order is defined as a per CC signaling rather than a per band combination signaling. That is the initial intention RAN1 wants to introduce the scaling factor, which is defined per band and per band combination signaling. 
Since the scaling factor is introduced to show capability mismatch between UE RF capabilities and UE baseband capabilities, scaling factor should be defined as per band combination signaling instead of per CC signaling. For example, UE support band B1 and B2, each band, the maximum number of CC is 2. For band B1 or B2 separately, the maximum number of CC is 2. The scaling factor can be 1. For band combination B1_B2, the maximum number of CC is 4. The scaling factor is less than 1. The value of scaling factor would depend on the extent of the capability mismatch between UE RF capabilities and UE baseband capabilities. In this example, if the amount of data can be proceeded by UE baseband is only data amount for two CCs, then the scaling factor for B1_B2 is 0.5. If the amount of data can be proceeded by UE baseband is only data amount for three CCs, then the scaling factor for B1_B2 is 0.75. If the amount of data can be proceeded by UE baseband is the data amount for four CCs, then the scaling factor for B1_B2 is 1.
In summary, we can consider that the scaling factor is an additional factor to show real baseband capability except the MCS, the number of layers and the aggregated spectrum. It is a fixed value and it will not be changed with these factors. For example, assume UE support the following band combination, so for the baseband point of view, the following three cases should have same baseband capability. 
· 4CC *100M, 4 layers, 256QAM
· 5CC *100M, 4 layers, 64QAM + 1CC*100M,2 layers, 16QAM
· 3CC *100M, 4 layer, 256QAM + 1CC*200M, 2layers, 16QAM
Based on current signaling design, we can get the scaling factor for each band for each band combination as shown in table 1. 
Table 1. An example to show the values of scaling factor
	Band Combination
	Band 
	CH BW(MHz)
	Number of CC
	Number of layers
	Modulation order
	Modulation order in BPC
	Scaling Factor

	B1
	B1
	100
	4
	4
	256QAM
	256QAM
	1

	B2_B3
	B2
	100
	5
	4
	64QAM
	256QAM
	0.75

	
	B3
	100
	1
	1
	16QAM
	256QAM
	0.25

	B4_B5
	B4
	100
	3
	4
	256QAM
	256QAM
	1

	
	B5
	200
	1
	1
	16QAM
	256QAM
	0.25



Because the scaling factor is used to show how much the mismatch between the RF capability and base band capability, just changing the modulation order when the number of CC is changed cannot solve the problem. If the maximum modulation order is defined as per band and per band combination signaling, then the scaling factor can be defined as a per band combination signaling. In current RAN2 specifications, the maximum modulation order is defined as a per CC signaling in BPC, then the scaling factor should be defined as per band and per band combination signaling. 
Observation 1: For SA UE, the scaling factor is introduced to reflect the association of capability mismatch between the baseband capabilities and RF capabilities. 
[bookmark: _GoBack]Proposal 1: For SA UE, scaling factor should be defined as per band and per band combination UE capability signaling if the maximum modulation order is defined as per CC signaling in BPC. For SA UE, scaling factor should be defined as per band combination UE capability signaling if the maximum modulation order is defined as per band and per band combination signaling.
Maximum data rate for EN-DC operation
[bookmark: OLE_LINK16][bookmark: OLE_LINK9]There are two types of UE implementation for EN-DC operation, namely: type 1 UE has two separate modems for LTE and NR, these two separate modems may not share hardware resource; type 2 UE has an integrated modem which could be used for LTE and NR, this integrated modem can share some hardware resource between LTE and NR. So for NSA UE, when UE works in EN-DC operation mode, the scaling factor should be used for both LTE side and NR side to reflect UE sharing the hardware between LTE and NR. For example, the maximum data rate for NR only operation is R1, the maximum data rate for LTE only operation is R2. While the total data rate for EN-DC operation is less than R1+R2. For EN-DC operation, the scaling factor should be introduced to indicate these situation. As we have shown in the section 2.2, the base band capability and RF capability may mismatch. So for each MRDC combination, scaling factor should be defined for both NR band combination and LTE combination. Similar reason as in 2.2, because the scaling factor is used to show how much the mismatch between the RF capability and base band capability, just changing the modulation order when the number of CC is changed cannot solve the problem. For example, assume the maximum data rate for a UE is 2.3Gbps, for both SA and NSA mode. In this example, assume the maximum data rate for LTE operation only is 600MHz. UE may allocate 2G capability for NR and 300M capability for LTE in NSA operation mode depending on UE implementation. In this case, the scaling factor for NR is 0.87 and the scaling factor for LTE is 0.5. gNB may make any flexible scheduling such as reducing the number of layers, reducing the MCS, reducing the scheduled spectrum that does not exceed UE’s capability. Since both MIMO capability and modulation capability are defined as per band and per band combination signallings, for LTE side, the scaling factor is defined as per band combination signaling. 
Observation 2: For NSA UE, the scaling factor should be introduced for NR side to reflect the peak data rate reduction because of hardware resource sharing between LTE and NR in addition to reflect the association of capability mismatch between the baseband capabilities and RF capabilities. It should be defined as per band and per band combination UE capability signaling.
Observation 3: For NSA UE, the scaling factor should be introduced for LTE side and NR side to reflect the peak data rate reduction because of hardware resource sharing between LTE and NR. It should be defined as per band and per MRDC band combination as UE capability signaling.
Proposal 2: For NSA UE, scaling factor should be defined as per band and per MRDC band combination UE capability signaling if the maximum modulation order is defined as per CC signaling in BPC. For NSA UE, scaling factor should be defined as per band combination UE capability signaling if the maximum modulation order is defined as per band and per band combination signaling.
Proposal 3: For NSA UE, scaling factor should be introduced when calculating the maximum data rate for LTE or NR operation in EN-DC mode. 
Maximum data rate for L2 buffer calculation
Based on the analysis in section 2.1, the maximum data rate a UE can support is changed with the band combination. For L2 buffer calculation purpose, the maximum data rate for all band combination shall be assumed. That is, for all band combinations that a UE supports. 
Proposal 4: The maximum data rate for L2 buffer calculation purpose is the maximum data rate for all band combinations that a UE supports. 
Reference HARQ RTT for L2 buffer calculation


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]HARQ RTTis defined as the time duration between the beginning of initial transmission data reception at UE and the retransmission data expected at UE. Refer to the Figure 2, the duration of  includes following parts:

[bookmark: OLE_LINK29][bookmark: OLE_LINK30]                                               (2)  
[image: ]
Figure 2. The timing diagram of one HARQ process
where,
· 

 is the over the air of time duration of one TB, that is one . It can be one slot, one mini-slot or several slots if slot aggregation is used. For eMBB scenarios, we can use one slot as baseline.
· 

[bookmark: OLE_LINK25][bookmark: OLE_LINK26] is the time duration between the end of TB reception at UE to the beginning of ACK/NACK transmission at UE.  is greater than N1 OFDM symbols.
· 

[bookmark: OLE_LINK3] is the over the air time duration of UL ACK/NACK. Depending on the UCI transmission mechanisms used for a UE, it can be from 1 symbol in case of short duration or nearly one or several slots in case of long duration or slot aggregation. For eMBB scenarios, we can consider with one slot length as the default value.
· 

 is transmission delay from the UE antenna port to the gNB baseband unit (BBU). It includes the time of electromagnetic wave traveling time between gNB and UE and the time from the antenna port of gNB to gNB BBU. TA is also included. Depending on the cell size and deployment scenarios,  may be from several microseconds to hundreds of microseconds. 
· 
is the retransmission processing time at gNB. It includes ACK/NACK reception at PHY, retransmission scheduling at MAC. Except for time on rescheduling, at least two interactions between PHY and MAC are needed, which are normally several hundreds of microseconds. Because gNB needs to process several UEs data, we can simply use the UE processing time for the network. 


In LTE, is 8 milliseconds in FDD. In NR, the deployment scenarios at least include the typical deployment scenarios in LTE, so the typical value for  is similar as LTE, from several microseconds to several hundreds of microseconds. Some large delay may be introduced in NR if the transmission path between RRU to BBU is longer. The time for HARQ RTT will be larger for TDD. Considering all these factors, to make a good balance between deployment scenarios and UE cost, we make the following proposal for the HARQ RTT.
Proposal 5: For the purpose of L2 buffer calculation, the HARQ RTT is given by 
· For FR1,
· 8 ms, if Carrier frequency is lower than 2.3 GHz 
· 4 ms, otherwise
· For FR2, 
· 2 ms

Conclusions
In this document, we clarify that data rate is defined per band combination. The scaling factor should be defined per band and per band combination for both SA UE and NSA UE when the maximum data rate is considered at UE side. The following observations and proposals on the scaling factor and maximum data rate are made:
Observation 1: For SA UE, the scaling factor is introduced to reflect the association of capability mismatch between the baseband capabilities and RF capabilities. 
Observation 2: For NSA UE, the scaling factor should be introduced for NR side to reflect the peak data rate reduction because of hardware resource sharing between LTE and NR in addition to reflect the association of capability mismatch between the baseband capabilities and RF capabilities. It should be defined as per band and per band combination UE capability signaling.
Observation 3: For NSA UE, the scaling factor should be introduced for LTE side and NR side to reflect the peak data rate reduction because of hardware resource sharing between LTE and NR. It should be defined as per band and per MRDC band combination as UE capability signaling.
Proposal 1: For SA UE, scaling factor should be defined as per band and per band combination UE capability signaling if the maximum modulation order is defined as per CC signaling in BPC. For SA UE, scaling factor should be defined as per band combination UE capability signaling if the maximum modulation order is defined as per band and per band combination signaling.
Proposal 2: For NSA UE, scaling factor should be defined as per band and per MRDC band combination UE capability signaling if the maximum modulation order is defined as per CC signaling in BPC. For NSA UE, scaling factor should be defined as per band combination UE capability signaling if the maximum modulation order is defined as per band and per band combination signaling.
Proposal 3: For NSA UE, scaling factor should be introduced when calculating the maximum data rate for LTE or NR operation in EN-DC mode. 
In addition, the following information is suggested to provide to RAN2 for L2 buffer calculation purpose. 
Proposal 4: The maximum data rate for L2 buffer calculation purpose is the maximum data rate for all band combinations that a UE supports. 
Proposal 5: For the purpose of L2 buffer calculation, the HARQ RTT is given by 
· For FR1,
· 8 ms, if Carrier frequency is lower than 2.3 GHz 
· 4 ms, otherwise
· For FR2, 
· 2 ms
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