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Introduction
RAN1 defined the UE maximum data rate calculation that is housed in the TS38.306 subclause 4.1.3 for determination of the UE’s rated maximum data rate. The same calculation is further used in the 38.214 when determining the maximum TB that the UE is required to be able to process.
In selected cases the current specifications lead to lower than necessary max TB limitation if following the 38.214 definitions literally.
[bookmark: _Hlk510705081]Discussion
The 38.306 definition for the approximate data rate is defined as below
	For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


…

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



In 38.214 the approximate is turned into exact.
	Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

…
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).



The overhead term OH was defined with a typical average overhead in mind taking into account slots with SSB and SI, and was not supposed to represent the minimum OH of a slot when determining the maximum supportable TB size. For max TB determination purposes the OH term in TS 38.306 is overdimensioned when the system is attempting to achieve maximum possible data rate of a given carrier.
Further, thinking of, e.g. a UE configured on a 20 MHz carrier on a band where wider BWs are not defined (and thus the UE would report max capability of 20 MHz for that band). The same UE could support a 100 MHz carrier on another band, but this would not factor in to the maximum TB capability on the 20 MHz carrier. In this setup the specification unnecessarily limits the max TB size on the 20 MHz carrier way below the TB size the UE is perfectly capable of handling.
Observation: Using the 38.306 approximate data rate calculation when determining the maximum TB size leads to 
a) an actually achievable average data rate that is lower than the 38.306 definition
b) a lower max TB than the UE is known to be able to process


According to analysis in [3], the smallest OH value for FR1 could be 0.012 and for FR2 0.019.
Proposal 1: For max TB size determination in 38.214 use a smaller OH term than the ones defined in 38.306, at least for carrier bandwidths of < 50 MHz for 15 kHz and <100 MHz for 30 kHz for FR1 bands
Proposal 2: adopt the following OH values for max TB limit calculation in TS38.214
· FR1 DL: 0.012
· FR2 DL: 0.019

Proposal 3: adopt the following change to TS38.214 subcluse 5.1.3 with potential restrictions on when the lower OH values apply
	Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in clause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in clause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i) but using the following OH values in the DataRate computation:

	is the overhead and takes the following values
0.012, for frequency range FR1 for DL
0.019, for frequency range FR2 for DL.



Conclusion
This Tdoc discussed the unnecessary TB size limitation leading to lower than actually achievable mximum data rates in some cases and makes the following observation and proposals:
Observation: Using the 38.306 approximate data rate calculation when determining the maximum TB size leads to 
c) an actually achievable average data rate that is lower than the 38.306 definition
d) a lower max TB than the UE is known to be able to process

Proposal 1: For max TB size determination in 38.214 use a smaller OH term than the ones defined in 38.306, at least for carrier bandwidths of < 50 MHz for 15 kHz and <100 MHz for 30 kHz for FR1 bands for downlink.
Proposal 2: adopt the following OH values for max TB limit calculation in TS38.214
· FR1 DL: 0.012
· FR2 DL: 0.019

Proposal 3: adopt the following change to TS38.214 subcluse 5.1.3 with potential restrictions on when the lower OH values apply
	Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in clause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in clause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i) but using the following OH values in the DataRate computation:

	is the overhead and takes the following values
0.012, for frequency range FR1 for DL
0.019, for frequency range FR2 for DL.
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Annex: 38.306 subclause 4.1.2 Supported max data rate
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 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 defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], 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.
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .
For EUTRA in case of MR-DC, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

Data rate (in Mbps) = 
wherein
J is the number of aggregated EUTRA component carriers in MR-DC band combination
is the total maximum number of DL-SCH transport block bits received or the total maximum number of UL-SCH transport block bits transmitted, within a 1ms TTI for j-th CC, as derived from TS36.213 [19] based on the UE supported maximum MIMO layers for the j-th CC, and based on the maximum modulation order for the j-th CC and number of PRBs based on the bandwidth of the j-th CC according to indicated UE capabilities.
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.
For MR-DC, the approximate maximum data rate is computed as the sum of the approximate maximum data rates from NR and EUTRA.

Annex: 38.214 subclause 5.1.3	Modulation order, target code rate, redundancy version and transport block size determination
[bookmark: _Hlk496795762]To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared channel, the UE shall first 
-	read the 5-bit modulation and coding scheme field (IMCS) in the DCI to determine the modulation order (Qm) and target code rate (R) based on the procedure defined in clause 5.1.3.1, and
-	read redundancy version field (rv) in the DCI to determine the redundancy version..
and second 
-	the UE shall use the number of layers (ʋ), the total number of allocated PRBs before rate matching (nPRB) to determine to the transport block size based on the procedure defined in clause 5.1.3.2.
The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH. 
The UE is not expected to handle any transport blocks (TBs) in a 14 consecutive-symbol duration for normal CP (or 12 for extended CP) ending at the last symbol of the latest PDSCH transmission within an active BWP on a serving cell whenever

where, for the serving cell,
-	S is the set of TBs belonging to PDSCH(s) that are partially or fully contained in the consecutive-symbol duration
-	for the ith TB
-	Ci' is the number of scheduled code blocks for as defined in [5, 38.212]. 
-	Li is the number of OFDM symbols assigned to the PDSCH
-	xi is the number of OFDM symbols of the PDSCH contained in the consecutive-symbol duration
-	 based on the values defined in clause 5.4.2.1 [5, TS 38.212]
-	 is the starting location of RV for the th transmission
-	of the scheduled code blocks for the  transmission
-	 is the circular buffer length 
-	 is the current (re)transmission for the ith TB 
-	 corresponds to the subcarrier spacing of the BWP (across all configured BWPs of a carrier) that has the largest configured number of PRBs
-	in case there is more than one BWP corresponding to the largest configured number of PRBs, µ' follows the BWP with the largest subcarrier spacing.
-	 corresponds to the subcarrier spacing of the active BWP 
-	RLBRM = 2/3 as defined in clause 5.4.2.1 [5, TS 38.212]
-	TBSLBRM as defined in clause 5.4.2.1 [5, TS 38.212] 
-	X as defined for downlink in clause 5.4.2.1 [5, TS 38.212].
If the UE skips decoding, the physical layer indicates to higher layer that the transport block is not successfully decoded. 
Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in clause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in clause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
For a j-th serving cell, if higher layer parameter processingType2Enabled of PDSCH-ServingCellConfig is configured for the serving cell and set to enable, or if at least one IMCS > W for a PDSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS table 5.1.3.1-2, the UE is not required to handle PDSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PDSCH
-	M is the number of TB(s) in the PDSCH
-	 where  is the numerology of the PDSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in clause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in clause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
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