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1      Introduction
In RAN2 #99, RAN2 agreed that the peak data rate can be generated based on band combination and baseband capabilities.

	-
In NR, the number of supported MIMO layers is signalled as explicit UE capability and not part of a UE category.

-
In NR, the modulation schemes are signalled as explicit UE capability and not part of a UE category.

-
RAN2 assumes that the UE’s band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group and per UE.

-
If RAN1 and RAN4 agree with that assumption, RAN2 intends to apply the following: 

-
“A non-DC UE supporting a peak data rate that is lower than the data rate achievable according to the above-mentioned parameters indicates this by a per-UE category (data rate). 

-
However, a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a category (data rate) that is lower than the highest data rate achievable according to any of the DC band combinations (to avoid the need for inter-node negotiation of the data rate split).”




Since it is not only a RAN2 topic, RAN2 asked RAN1/RAN4 if it is feasible and RAN1 provided the following response in NR Adhoc #3. 

	Q1: Do RAN1 and RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate?

A1. Yes, RAN1 also considers that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicitly signalled UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate. Note that RAN1 is to discuss whether baseband capabilities related to scheduling/HARQ timing have impact on the supportable maximum transport block size or not, per cell and for a time instance required for scheduling one transport block. 
Q2: Do RAN1 and RAN4 agree with the suggested handling of UE categories described above? 

A2. Yes. RAN1 hasn’t so far identified any issue on handling of UE categories described in R2-1709979. 

Q3: How does RAN1 intend to define the UE category (if needed) in a numerology-agnostic manner?

A3. RAN1 considers 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. The calculated peak data rate would be roughly the same regardless of numerologies (assuming the UE capability of maximum FFT size is not exceeded) as far as the set of parameters above is fixed for a given time instance required for scheduling one transport block. 



2      Discussion
In RAN1 reply LS, there are some points that RAN2 takes into account. 

Point 1: baseband capabilities per band combination 

RAN1 describes 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. 

It is our understanding that RAN1 assume that UE peak data rate should be calculated based on baseband capabilities that can be supported in the corresponding band combination rather than based on any baseband capabilities. 
The main motivation is that the UE may want to meet the peak data rate with different combination of capabilities. 

In LTE, for the higher UE category, the peak data rate is calculated based on multiple options with respect to the combination of # of CCs, MIMO and modulation order but it doesn’t require the UE to achieve the peak data rate with all the combinations e.g. 4*4 MIMO layer + 256QAM for all CCs even if modulation order is per UE. The various combinations of CA, MIMO and modulation are considered to accommodate potentially different deployment plans i.e to achieve the same peak data rate using different techniques.  
	UE DL Category
	Application scenario
	Maximum number of DL-SCH transport block bits received within a TTI 

	DL Cat166
	1000Mbps: 2CC 4*4MIMO 256QAM + 1CC 2*2MIMO 256QAM;
	979056

	
	1000Mbps: 1CC 4*4MIMO 256QAM +3CC 2*2MIMO 256QAM; 
	979008

	
	1000Mbps: 5CC 2*2MIMO 256QAM;
	978960

	
	1050Mbps: 3CC 4*4MIMO 64QAM + 1CC 2*2 MIMO 64QAM;
	1049408

	
	1050Mbps: 2CC 4*4 MIMO 64QAM +3CC 2*2MIMO64QAM;
	1051360


Observation 1: RAN1 assume that peak data rate should be calculated based on L1 parameters per band combination. 

In LTE, modulation order is indicated per UE because it is considered as pure baseband capability. And also there is a proposal to exclude MIMO layer from band combination. 

However, if we derive the UE supported peak data rate based on BC and baseband capability per band combination, we should make sure that the baseband capabilities can be differentiated per band combination. Otherwise, the UE will be forced to support higher data rate than actually demanded in the market.
Therefore, we propose to keep MIMO capability per band combination because MIMO capability can be different depending on RF spectrum while it is considered as baseband capabilities. In addition, we also propose to include modulation order in the band combination or in the baseband capabilities so that it can be used to a certain band combination/MIMO layers.   
Proposal 1: MIMO capability is included in band combination. 

Proposal 2: Modulation order is in either band combination or baseband capability.   

Point 2: Explicit signalling of maximum data rate
RAN1 described that an explicitly signalled UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate.
We understand that RAN1 will discuss if there is any case where the UE supports lower data rate than the calculated peak data rateThis implies that it is not fully confirmed in RAN1 that we can rely on the calculated peak data rate only without any explicit signalling of maximum data rate. 

Furthermore, we see the benefit of the current LTE mechanism (decoupling peak data rate in baseband processing and actual data rate in band combination/baseband capabilities). For example, the peak data rate based on band combination/baseband capabilities can be achievable in very ideal scenario e.g. high SNR. However, the similar level of throughput can be achievable without requiring such ideal scenario for example if the number of carriers is increased or BW is increased even without higher MIMO and high modulation although the UE can support higher MIMO and higher modulation. In this case, the target data rate in baseband processing doesn’t need to support the peak data rate calculated from band combination/baseband capabilities. 

In order to support this case, we propose to keep a per UE peak data rate signalling for both NSA and SA. The calculated data rate can be still considered as peak data rate for the corresponding band combination/baseband capabilities if the calculated data rate is lower than the data rate indicated by the explicit signalling. 

In NSA, we define UE category for LTE and for NR separately. The peak data rate is assumed as a minimum of calculated data rate and the peak data rate in the UE category. With this approach, we can still avoid inter-node coordination across LTE and NR. 
Proposal 3: UE peak data rate is explicitly signaled for NR SA. 
Proposal 4: UE peak data rate is explicitly signaled for LTE and NR separately for NSA. 
Proposal 5: actual peak data rate is assumed as a minimum of the calculated peak data rate and the explicitly signaled peak data rate. 

In RAN plenary, it was agreed to introduce UE category for NR SA and NSA although it is not explicitly signalled. Therefore, we can consider to use UE category information for explicit signalling of peak data rate. Alternatively, it would be also possible to signal the data rate itself. 
Proposal 6: RAN2 discuss whether the peak data rate is explicitly signaled from the UE category or with the actual data rate. 

3      Conclusion
In this contribution, we discuss some aspects based on RAN1 agreement on the peak data rate calculation. Based on discussion, we propose the following. 
Proposal 1: MIMO capability is included in band combination. 



 REF pro2 \h 

Proposal 2: Modulation order is in either band combination or baseband capability.   



 REF pro3 \h 

Proposal 3: UE peak data rate is explicitly signaled for NR SA. 


 REF pro4 \h 

Proposal 4: UE peak data rate is explicitly signaled for LTE and NR separately for NSA. 


 REF pro5 \h 

Proposal 5: actual peak data rate is assumed as a minimum of the calculated peak data rate and the explicitly signaled peak data rate. 



 REF pro6 \h 

Proposal 6: RAN2 discuss whether the peak data rate is explicitly signaled from the UE category or with the actual data rate. 
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