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1. Overall Description:

RAN2 has requested background information and information on the potential scenarios where the UE reports the down scaled value (0.75) per band and per band combination for the L1 data rate formula.
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. Even if the total number of carriers in NR-LTE have increased, due to sharing of hardware resources between LTE and NR, the corresponding data-rate increase may not scale linearly with increasing carriers.
· For example, UE that is operating in NR SA with 4 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. 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. 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 that has similar hardware capabilities as LTE Category 20, which supports 2 Gbps. 

The second use case of the scaling factor is to support disparity in RF capability and baseband processing capability. 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. Please note that the processing limitation in the upper layer can be main motivation for having different scaling factor for DL and UL.

· 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. Similar situation can occur with other modulation orders. 

· In another example, UE may be able to support 4x4 MIMO layers in RF domain but UE may only able to process data rate that corresponds to to 2x2 MIMO layers.
· The following are other scaling factors that should be considered:

· 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 (already agreed)
· 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
The third use case of the scaling factor is to support more aggressive HARQ processing time lines with reduced throughput. The UE may be able to support high order modulations and certain number of MIMO layers with the relaxed HARQ processing timing requirements. However, depending on whether UE wishes to provide more aggressive HARQ processing, it may not be able to perform the process the peak data rates associated with scaling factor 1 and would require to scale back the maximum throughput values.
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 signalling mechanic should have enough flexibility such that UE inform the network the maximum data rate limitation for each band in each band combination. 
Based on use cases of the down scaling factor, RAN1 recommends support of the scaling factor {1, 0.8, 0.75, 0.67, 0.6, 0.5, 0.4} for DL and UL, where the scaling factor for DL and UL is independently signalled. Furthermore, to provide appropriate scaling factor that can potentially stem from difference in RF and baseband capability, signalling for per component carrier (CC) and per baseband processing combination (BPC) is recommended.
RAN1 would like kindly ask RAN2 to consider the above in their further work.

2. Actions:

To RAN2: 
RAN1 would like kindly ask RAN2 to consider the above in their further work.

.
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