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1. Introduction
In this contribution we discuss the following: 
· [bookmark: _GoBack]Peak rate based on TBS
2. Peak rate based on TBS
At last RAN1#91 meeting, approximate data rate formula was agreed, including overhead factors depending upon frequency region/link type. RAN had a good discussion on peak rate and category using the formula and discussions are expected to continue in future meetings. 

The following overhead values were agreed for approximate data rate calculation: 
· 
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

While the overhead numbers are fine for an approximate data rate calculation, from a UE perspective the peak data rate for a  given slot can be larger since the overhead for that particular slot might be much smaller than the average overhead value assumed above. In addition (unlike LTE), the TBS for a given slot depends on the overhead assumed. Thus, the peak data rate needs to consider the peak TBS under the suitable overhead assumptions. 


Looking at the TBS determination procedure in 38.214, sec 5.1.3.2, the smallest possible overhead value (at least for TBS calculation) corresponds to the case where (which is quantized number of REs) takes the highest value, which is 156 REs per one PRB per slot duration. This would imply an overhead of 1 – (156/168) = 0.0714. 
	
Observation 1: The overhead value for Downlink/uplink transport block size calculation can be as small as 0.0714, which can be significantly different from the average OH assumed for approximate data rate calculation.

Then, based on this, there can be up to 11% difference in approximate data rate vs the actual peak data rate supported by the UE. While this number may look small, it is not negligible, for example a 20 Gbps rate UE yields an approximate data rate of 18 Gbps, which does not seem reasonable. Moreover, the peak rates may look not so competitive (or superiror) compared to LTE which uses a peak rate based on TBS. While it may be possible to also consider a more reasonable overhead (e.g. “best case” overhead values for different FR and link types for determining data rate), we think the TBS based formula may be better as it can provide clearer limitations for the scheduling parallel TBs on different carriers for the UE.

Proposal 1:   RAN1 should also consider using a TBS based formulation of the peak data rate (An example formula shown in Figure 1).

If a TBS based formulation is used, then the updated formula looks like the following (a previous attempt at this was made in last RAN1 meeting and placed in the drafts folder for RAN1#91, AI 7.8): 
Note 1: The ceiling and floor operations on the number of layers is to reflect that there is a maximum of 1 TB for up to 4 layers, and two TBs for up to 8 layers. 

Note 2 : The configuration assumed (for least OH) would include DMRS Type 2 and PDSCH starting from the first symbol in the slot and so on (yielding ). 


Peak data rate based on TBS 

The data rate (based on maximum TBS) for a given number of aggregated carriers in a band or band combination is computed as follows. 



For the j-th CC, 
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 layers 
· [image: ] is the maximum modulation order
· [image: ]is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· [image: ]is signalled per band and per band per band combination as per UE capability signalling
· [image: ] is the numerology (as defined in TS38.211)
· [image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.
· [image: ] is the maximum RB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where [image: ] is the UE supported maximum bandwidth in the given band or band combination
· 
 is determined according to Subclause 5.1.3.2 in TS38.214 assuming the following:
· 


Number of layers is if <=4, otherwise number of layers is 
· modulation order is [image: ];
· coding rate of Rmax;
· 
 
· 


· Note: Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL 
· The 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.


Figure 1. Peak data rate based on TBS.

In last RAN1 meeting it was agreed to support scaling factor values of 1 and 0.75 for data rate. We think that in addition to these values, some additional values could provide more flexibility in data rates. For example, it was discussed whether the same principle can be applied to support 64QAM modulation with a data rate corresponding to 16QAM, which yields a scaling factor value of 2/3. Thus, we think that some flexibility should be provided to support additional scaling factor values. 
3. Conclusions
In this contribution, we have discussed some possible improvements of 3GPP TS 38.212, made the following observations and proposals:
Observation 1: The overhead value for Downlink/uplink transport block size calculation can be as small as 0.0714, which can be significantly different from the average OH assumed for approximate data rate calculation.

Proposal 1:   RAN1 should also consider using a TBS based formulation of the peak data rate (An example formula shown in Figure 1).
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Annex A 
Text of approximate data rate LS  (R1-1721733)
RAN1 has continued the discussion on how to derive to determine the L1 data rate and have modified the formula and concluded on overhead numbers based on that (which supersedes the previous conclusion in R1-1721723). The RAN1 conclusion is as follows.

The approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows. 
· [image: ]
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 layers 
· [image: ] is the maximum modulation order
· [image: ]is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· [image: ]is signalled per band and per band per band combination as per UE capability signalling
· [image: ] is the numerology (as defined in TS38.211)
· [bookmark: OLE_LINK8][image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.
· [image: ] is the maximum RB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where [image: ] 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.
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