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1. Introduction
In this contribution, we discuss peak data rate calculation and related signalling for NR. The following formula for deriving the approximate peak data rate for NR was agreed in [1].
· 

wherein
· 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 
· 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.


Additionally, RAN2 has requested information on the down scaling factor, , and use cases for down scaling value of 0.75 in [2]. In this contribution, we provide our thoughts on the approximate data rate formula and related signalling parameters.

2.  Discussion on Scaling Factor
The first use case for the down scaling factor is when UE needs to compute EN-DC data rates. For UEs that share hardware resources between NR and LTE, the aggregate maximum data rate achievable could be different depending on NR SA operation and NR-LTE DC operation. 
For example, UE that is operating in NR SA with 4 NR CCs, each with 50 MHz, 2x2 MIMO, and with 64 QAM in the DL operating in FR2, would result in 1.616 Gbps data rate with scaling value of 1.0. This would be able to be supported with similar hardware capability as LTE Cat. 20, which support 2 Gbps throughput. However, if the same UE is operating NR-LTE DC, with a 2 LTE CCs with 4x4 MIMO and 256 QAM operating in FR1 in addition to NR 4 CCs operating in FR2, the overall data rate would exceed 2.39 Gbps. The number of carriers in NR-LTE have increased, but due to sharing of hardware resources between LTE and NR, the corresponding data-rate increase may not scale linearly with increasing carriers. If scaling factor 0.8 is applied to NR maximum data rates, the total overall throughput of NR and LTE could be limited to 2.07 Gbps, which could be handled by a UE similar hardware capability as LTE Cat. 20. If scaling factor 0.75 is applied to NR maximum data rates, the total overall throughput of NR and LTE could be limited to 1.99 Gbps, which undermines the hardware capability of the NR device and would not be appropriate for marketing.
So, it should be noted that support of only 1 and 0.75 for the scaling factor may cause gaps between the maximum data rate the UE can support and what can be signaled in NR. There are significant incentives (both performance and marketing) to support various scaling factors. Therefore, we recommend that RAN1 to additionally support down scaling values in finer granularity.
The second use case of the scaling factor is to support disparity in RF capability and baseband processing capability. For example, UE may be able to have good RF capability allowing support of higher order modulations, such as 256 QAM. However, the UE may not able to process the peak data rates associated with 256 QAM, at the largest resource allocations. This does not mean for smaller resource allocations, UE cannot handle 256 QAM, it would be the highest peak data rate that would not be able to be supported... In another example, UE may be able to support 4x4 MIMO layers in RF domain but UE may be able to support UE processing capability only corresponding to 2x2 MIMO layers in BB domain. Baseband processing limitation may in the form of supported maximum TBS per slot in the physical layer, maximum number of bits that is able to be processed in higher layers, and combination thereof
The scaling factor of 0.75 ( = 6/8) was agreed to support the scaling of maximum peak data rate of 256 QAM to 64 QAM while allowing the UE to support 256 QAM. However, this only addresses physical layer limitation of the baseband processing and does not address potential limitation of bits that could be processed in upper layers. Additionally, it only provides scaling between 256 QAM to 64 QAM. The processing limitation in the upper layer can be main motivation for having different scaling factor for DL and UL. The following are other scaling factors that should be supported:
· 1024 QAM to 256 QAM baseband peak data rate limitation: 8 / 10 = 0.8
· 256 QAM to 64 QAM baseband peak data rate limitation: 6 / 8 = 0.75
· 64 QAM to 16 QAM baseband peak data rate limitation: 4 / 6 ≈ 0.67
· 1024 QAM to 64 QAM baseband peak data rate limitation: 6 / 10 = 0.6
· 256 QAM to 16 QAM (or 16 QAM to QPSK) baseband peak data rate limitation: 4 / 8 = 0.5
· 1024 QAM to 16 QAM baseband peak data rate limitation: 4 / 10 = 0.4

It should be noted that 1024 QAM is not currently supported in NR Rel-15. However, given that LTE support 1024 QAM, it would be inevitable for NR to support similar spectral efficiencies as well in later releases. Therefore, for future-proofing, it would be preferable to support this scaling factor value in Rel-15.
Based on use cases of the down scaling factor, support of separate down scaling factor for DL and UL seems critical. To that extent we proposal to support scaling factor to support values {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4}. Potential reduction of number of scaling factor values may be further considered.
Furthermore, to provide appropriate scaling factor that can potentially stem from difference in RF and baseband capability, signaling for per band and per band combination is recommended. However, we understand that per band and per band combination signaling may cause signaling burden for upper layers. Therefore, could consider per CC and per baseband processing combination (BPC) as a compromise to provide flexibility and reduction of signaling overhead from indication of values per band combination. This is with the assumption that most UEs will not indicate a unique BPC entry for each band combination, which should be true. The assumption was the whole reason BPC entries were created in RAN2.
In summary, the scaling factor is to compensate for the gap between supported RF and baseband capabilities, difference in processing capability in DL and UL, and most importantly hardware resource sharing between LTE-NR DC in EN-DC scenarios. Therefore, the scaling factor signaling mechanic should have enough flexibility such that UE inform the network the maximum data rate limitation for each band in each band combination. We think the support of scaling factor per CC per BPC can offer a good compromise in terms of signaling overhead and flexibility.

Proposal 1:
· Support the down scaling factor {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4} for DL and UL.
· FFS on potential reduction of number of scaling factor values for DL and UL.
· Support separate down scaling factor for DL and UL.
· Scaling factor signaling should be per CC and per BPC.


3. Conclusions
	In this contribution, we discussed UE peak data rate related issues. Our proposals are summarized as below:

Proposal 1:
· Support the down scaling factor {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4} for DL and UL.
· [bookmark: _GoBack]FFS on potential reduction of number of scaling factor values for DL and UL.
· Support separate down scaling factor for DL and UL.
· Scaling factor signaling should be per CC and per BPC.
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