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1			Introduction
The document discusses potential capability signaling combinations that can lead to UEs reporting extremely low peak data rates for Rel-15 single CC NR standalone operation in particular and proposes some limitations. 
[bookmark: _Ref178064866]2	Discussion
In NR, the data rate is determined based on UE capability indication using the reference data rate formula described in 38.306. The UE capability signaling allows UE to flexibly indicate the data rate it supports via two additional capability parameters scalingFactor and supportedModulationOrderDL (and similarly two parameters for UL). The sole usage of these two capability parameters is in data rate calculation only (in 38.306) and it is to allow UE to signal a lower peak data rate than the peak rate indicated by the aggregated carriers, number of layers, etc. 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	scalingFactor
Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2. Value f0p4 indicates the scaling factor 0.4, f0p75 indicates 0.75, and so on. If absent, the scaling factor 1 is applied to the band in the max data rate calculation.
	FS
	Tbd
	No
	No

	supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].
	FSPC
	No
	No
	No



The motivations for scalingFactor signaling from the UE (taking values from 0.4, 0.75, 0.8 and 1) was described in RAN1 LS to RAN2 (R1-1807651) and were mainly for cases with CA/DC cases where UE supporting several carriers can indicate that it supports fewer layers or lower data rate. 
The supportedModulationOrderDL signaling from the UE was introduced allowing a UE that supports e.g. 256QAM modulation, but only supporting a peak data rate corresponding to a lower modulation order (indicated by supportedModulationOrderDL) such as anyone from {pi/2-BPSK,QPSK,16QAM, 64QAM, 256QAM}corresponding to (e.g. using Q = 1/2/4/6/8). 
Combining above two capabilities signaled together, the effective data rate scaling factor (SCF) becomes (1, 0.8, 0.75, 0.4) x (8/8, 6/8, 4/8, 2/8, 1/8)  leading to following possible values for SCF : 1, 0.8, 0.75, 0.6, 0.5625, 0.5, 0.4, 0.375, 0.3, 0.25, 0.2, 0.1875, 0.125, 0.1, 0.0938, 0.05.
Thus, an unintended consequence of the capability signaling framework is that a UE can potentially indicate extremely low peak data rate by signaling most pessimistic values for scalingFactor and supportedModulationOrderDL as shown in following observations. 

1. [bookmark: _Toc24134464]Assuming a configuration with 256QAM, a UE can indicate that it supports a maximum bitrate or a peak data rate that is only ~0.4*1/8 = 0.05 of the theoretical bitrate of the carrier (scaling factor 0.4 & pi/2-modulation) which is extremely low peak data rate.
1. [bookmark: _Toc24134465]Assuming a configuration with 64QAM, a UE can indicate that it supports a maximum bitrate or a peak data rate that is only ~0.4*1/6 = 0.067 of the theoretical bitrate of the carrier (scaling factor 0.4 & pi/2-modulation) which is extremely low peak data rate. 
1. [bookmark: _Toc23883702][bookmark: _Toc23883703][bookmark: _Toc24134466]In an example, for a 20 MHz, 30kHz SCS, with single layer MIMO layer, the UE can indicate an extremely low peak data rate as small as 5 Mbps via pessimistic setting of scaling factor and SupportedModulationOrderDL.  
[bookmark: _Hlk24134362]Issues/problems with extremely low peak rate indication
[bookmark: _Hlk24134313]5 Mbps with 0.5 ms slot implies a TBS of 2500 bits, extremely small even considering the size of RRC messages. Having all networks to adapt to such a worst case and potentially slowdown the initial access for all NR UEs is not reasonable. Such extremely low peak rates also do not sound relevant even for a super-low-end UE. While the example uses 1-layer, the same arguments hold for UEs support 2 or 4 layers indicating extremely pessimistic data rates. Some more detailed analysis is shown below.
In our understanding, UEs shall support the following
· the maximum bandwidth defined for the respective band or support at least the bandwidth of the initial BWP
· at least 64QAM and at least 256QAM for FR1
· at least 2 layers or 4 layers (in some bands) in FR1 and 2 layers in FR2

Since the MIMO layer (2 or 4 layers) and higher order modulation (256-QAM) are supported as mandatory with capability signalling, the NW would have to assume and support UEs that may support single-layer MIMO and 64-QAM (e.g. due to lack of IODT). It would of course be extremely preferable if NW can assume UE always support >= 2 layers, but is not possible given yellow text below.
	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE doesn’t support MIMO on this carrier.
	FSPC
	CY
	No
	No



Figure 1 shows the possible peak data rates that UE can indicate vs effective SCF for 256QAM UE with 20 MHz and with a 30 kHz SCS for assumption with different number of MIMO layers.
[image: C:\Users\enimaji\Desktop\UpdatedFigure2.png]
Figure 1.  Possible Peak data rate UE can indicate for 256-QAM, single carrier with 20 MHz, 30 kHz SCS, and different MIMO layers using effective SCF (via scaling factor and supportedModulationOrderDL). Also illustrated is the data rate assuming TBSlbrmDR corresponding to initial BWP of 48 PRBs.
The big green circle (~450 Mbps) and blue circles (~225 Mbps) show the peak data rates that are typically expected for UEs in that carrier configuration in FR1. Due to effective scaling factor (SCF), the UE can potential signal undesirably low peak rate going from 450 Mbps -> ~20 Mbps (for 4-layer case). 
Red line in Figure 1 shows the possible peak data rates for UEs that use 1-layer operation (e.g. due to lack of IODT, such UEs do not indicate 4-layer and/or 256-QAM support). Such UEs should not be expected to indicate extremely low data rates via scaling factor and supportModulationOrderDL capabilities. They should support peak rate of 82 Mbps, equal to the carrier bit rate with 64QAM and 1-layer MIMO, which is denoted by big red circle (256-QAM with SCF of 0.75 has equivalent to 64QAM data rate). 
The figure also shows a dashed line the corresponds to a TBS_LRBM of 57376 (based on 1-layer, 64QAM and 48 PRB initial DL BWP) and a corresponding data rate of ~ 115 Mbps and for which the UE offers an LDPC decoder coded bit rate of 1.5 * 115 Mbps = 170 M coded bits/second. 
The two parameters (scaling factor and supportedModulationOrderDL) should not lead to peak rate limitations, in single carrier operation with lower modulation order (64QAM) and MIMO layers (1 MIMO layer) with very pessimistic peak rate. 
Therefore, we propose that at least for Rel-15 single CC standalone NR operation, the UE capability signaling  is such that the indicated UE peak rate is not lower than the carrier bit rate assuming single-layer MIMO and 64QAM. It would be desirable to also ensure the same applies also to NSA single carrier operation since the network resource cost of supporting transfer of data volume to a UE increases as the UE becomes less capable.  
1. [bookmark: _Toc24135276]For Rel-15 single CC standalone or single CC non-standalone NR in the downlink, the UE reported capability signaling is such that the product of indicated number of MIMO layers, scalingFactor and supportedModulationOrderDL is no smaller than 6. 
0. [bookmark: _Toc24135277]Note: 6 corresponds e.g. to 1 MIMO layer, scaling factor = 1 and supportedModulationOrderDL = 64-QAM

1. [bookmark: _Toc24135278]For Rel-15 single CC standalone or single CC non-standalone NR in the uplink, the UE reported capability signaling is such that the product of indicated number of MIMO layers, scalingFactor and supportedModulationOrderUL is no smaller than 6 
1. [bookmark: _Toc24135279]Note: 6 corresponds e.g. to 1 MIMO layer, scaling factor = 1 and supportedModulationOrderUL = 64-QAM. 
[bookmark: _GoBack]It is further preferable if the lower limit is larger (e.g. 12 for 2-layer and 24 for 4-layer indication) for the single carrier standalone case. 
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Assuming a configuration with 256QAM, a UE can indicate that it supports a maximum bitrate or a peak data rate that is only ~0.4*1/8 = 0.05 of the theoretical bitrate of the carrier (scaling factor 0.4 & pi/2-modulation) which is extremely low peak data rate.
Observation 2	Assuming a configuration with 64QAM, a UE can indicate that it supports a maximum bitrate or a peak data rate that is only ~0.4*1/6 = 0.067 of the theoretical bitrate of the carrier (scaling factor 0.4 & pi/2-modulation) which is extremely low peak data rate.
Observation 3	In an example, for a 20 MHz, 30kHz SCS, with single layer MIMO layer, the UE can indicate an extremely low peak data rate as small as 5 Mbps via pessimistic setting of scaling factor and SupportedModulationOrderDL.

Proposal 1	For Rel-15 single CC standalone or single CC non-standalone NR in the downlink, the UE reported capability signaling is such that the product of indicated number of MIMO layers, scalingFactor and supportedModulationOrderDL is no smaller than 6.
a.	Note: 6 corresponds e.g. to 1 MIMO layer, scaling factor = 1 and supportedModulationOrderDL = 64-QAM
Proposal 2	For Rel-15 single CC standalone or single CC non-standalone NR in the uplink, the UE reported capability signaling is such that the product of indicated number of MIMO layers, scalingFactor and supportedModulationOrderUL is no smaller than 6
a.	Note: 6 corresponds e.g. to 1 MIMO layer, scaling factor = 1 and supportedModulationOrderUL = 64-QAM.
 
[bookmark: _In-sequence_SDU_delivery]References
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