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1	Introduction
In this contribution, we discuss OH value assumption related to NR peak data and its relation to TBS calculation in layer 1. 
2	UE peak data rate and L1 TBS
The original motivation for data rate formula in 38.306 (see Annex A of this document) and OH values therein was that the formula was intended to be utilized by RAN2 for L2 buffer calculation, and RAN2 needed only an “approximate peak data rate”. The OH values from 38.306 are shown below. 

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
This implies the overhead per slot is 14 %-18 % for DL, and 8% to 10% for UL. This reflects average overhead considering all signals (PDCCH, DMRS, CSI-RS, PT-RS, SSBs, etc).
In last meeting, some companies (in [4][5]) highlighted that the current OH values that are utilized in RAN2 specification (38.306) are a bit pessimistic from a physical layer peak rate perspective, where there can be certain slots with reduced overhead (e.g. only PDCCH+PDSCH +DMRS). This was discussed in the offline, and it was acknowledged by many companies that current OH values are not suitable from L1 perspective, and there was a bit of reluctance to amend the OH value for Rel-15. Thus, the following observation was mentioned in the offline summary [2] in last RAN1 meeting. Observation:
· RAN1 spec can meet the peak rates obtained from the formula in 38.306.
· Different views on whether the overhead values in 38.306 can be reduced (and, if so, how much)  no change to the 38.306 formula and associated values in Rel-15
· Continue offline discussion on how the formula in 38.306 is used in the RAN1 specifications (e.g. TB size restrictions)


Subsequently RAN1 also made a WA on TBS restriction utilizing the formula in 38.306. 
3	OH value analysis
In the following, we show some examples (from [5]) on the gap between the pessimistic OH values (from 38.306) and the potential OH supportable by the physical layer. 
As shown below for 30kHz SCS, the difference between the maximum TBS based on the formula from RAN2 spec (with OH = 14%) and that from TBS calculation (from RAN1 spec) would be approximately 10%. In this example, we assume the TBS data rate is calculated over the entire slot duration. The last column shows the OH value (recOH) that would be required so that TBS derived from L1 design is schedulable. 
[image: ]
Another example case relation between peak TBS based data rate and formula and OH values are shown below, wherein the assumption is the TBS is transmitted over 7 symbols. 
	FR
	Dmrs
Type
	scs
	nPRB
	n_layers
	Qm
	
	n_dmrs
	TBS
	TBS data rate
	Data Rate
(RAN2)
	OH
(RAN2)
	recOH

	1
	B
	1
	65
	2
	8
	
	4
	77896
	0.311584
	0.278214
	0.14
	0.037



RAN1 specification has many scheduling cases, where OH value can be much lower than 14%or 18%. Following is an example of a typical PDSCH scheduling in a slot with other signals/channels that may be present, and TBS determined in such cases should not be unnecessarily blocked by mismatched OH value in data rate formula.
· PTRS is 1 RE per PRB (every fourth RB every fourth symbol)
· Type 2 DMRS (4 REs/ PRB from 1-2 rank, 3 and 4 is 8 REs)
· CSI-RS/TRS is not present every slot (every few slots)
· PDCCH  - 2 or 4 CCE (each CCE is  6 x 12 REs)
Considering different case of SCS/RB allocations/DMRS overheads/PDSCH allocation lengths (L), example OH values are shown in table below.
	
	FR1
	FR2

	Only L = 14 duration
	0.059
	0.062

	Only L = 2/4/7/14 durations
	0.037
	0.04

	L = 2 to 14 symbols
	0.012
	0.019



Based on the above, it would be very desirable if the following change is made, which will allow actual NR data rates to be ~10 % higher than the approximate data rate in 38.306. 

is the overhead and takes the following values:

[0.14 0.037], for frequency range FR1 for DL
[0.18 0.037], for frequency range FR2 for DL
[0.080.037], for frequency range FR1 for UL
[0.100.037], for frequency range FR2 for UL
 
[bookmark: _Toc525908030]Observation 1: The OH values in the maximum data rate formula of 38.306 are unnecessarily large. 
[bookmark: _Toc525908031]Observation 2: RAN1 design can support actual peak rates greater than the approximate peak rate obtained from the formula in 38.306.
Conclusion
Based on the discussion in the previous sections we make the following observations:
Observation 1: The OH values in the maximum data rate formula of 38.306 are unnecessarily large.
Observation 2: RAN1 design can support actual peak rates greater than the approximate peak rate obtained from the formula in 38.306.
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[bookmark: _Toc517229482]Annex A (from 38.306 approximate maximum data rate)
4.1.2	Max data rate without ue-CategoryDL and ue-CategoryUL
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 layers

 is the maximum modulation order

is the scaling factor
The scaling factor can take the values 1, 0.8, 0.75, and 0.4.

is signalled per band and per band per band combination

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



 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 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 within a 1ms TTI for j-th CC, as derived from TS36.213 [22] based on the UE supported maximum MIMO layers for the j-th carrier, and based on the modulation order and number of PRBs based on the bandwidth of the j-th carrier.
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.
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FR scsnPRBn_layersQmTBS slotTBS data rateData rate (RAN2) OH (RAN2)recOH

FR1 1 273 2 8 638984 0.5 1.277968 1.1685 0.14 0.059

FR1 1 273 4 81277992 0.5 2.555984 2.337 0.14 0.059


