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Introduction
An agreement on base graph selection and TBS determination was reached in the RAN1#90bis meeting [1]:
Agreement: 
The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted.

[bookmark: _Toc497903691]Based on the email discussion [90-28] summarized in [2], the following agreement on how to define Rinit was achieved:
Agreement:
1. Alt 2 (Modified): 
–      Rinit is the effective code rate at initial transmission of the transport block, taking into account: 
(a)    the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block; and 
  FFS: details of how the nominal code rate is obtained from the control information 
(b)   LBRM (if applied) 
Rinit is applied to previous agreements on BG selection, and reflected in TS38.212.

[bookmark: _Toc497903692]Furthermore, the following agreements on TBS determination were reached in the scheduling and HARQ session in the RAN1#90bis meeting [1]:
Agreements:
· Calculate an “intermediate” number of information bits  where 
·  is the number of layers, 
·  is the modulation order, obtained from the MCS index
·  is the code rate, obtained from the MCS index
·  is number of resource elements
·  = Y * #PRBs_scheduled 
· When determining  (number of REs) within a slot
· Determine X =  12* #OFDM_symbols_scheduled – Xd – Xoh 
· Xd = #REs_for_DMRS_per_PRB in the scheduled duration
· Xoh = accounts for overhead from CSI-RS, CORESET, etc. One value for UL, one for DL.
· Xoh is semi-statically determined
· Quantize X into one of a predefined set of values, resulting in Y
· [8] values
· Should allow for reasonable accuracy for all transmission durations
· May depend on the number of scheduled symbols
· FFS: floor, ceiling or some other quantization
· Note: quantization may not be needed
· FFS: Quantization step should ensure the same TB size can be obtained between transmission and retransmission, irrespective of the number of layers used for the retransmission. otherwise Xd has to be independent of the number of layers
· Obtain the actual TB size from the intermediate number of information bits according to the channel coding decisions

[bookmark: _Toc497903693]From the agreements, we observe that the nominal code rate is needed for base graph determination and for TBS determination. In this contribution we discuss the calculation of the nominal code rate as well as how the base graph can be determined from the control information.
[bookmark: _Ref497890502]Nominal Code Rate Calculation
The nominal code rate can either be signalled in or derived based on the control information. We propose that the nominal code rate is derived based on the downlink control information (DCI) to reduce the signalling overhead.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]The nominal code rate is derived based on the downlink control information (DCI).

Using the notation from TS38.212 [3], the nominal code rate may be calculated in different ways depending on if CRC bits are included in the TB size or not.
1) Not including CRC bits:

2) Including CRC bits:

In the above,  denotes the TB size before addition of CRC bits, while  denotes the TB size including TB-CRC and CB-CRC bits.  denotes the total number of coded bits for transmission. Including both TB-CRC and CB-CRC bits in the calculation of the nominal code rate, alternative 2), gives a more accurate nominal code rate since the CRC bits carry no information. However, since the nominal code rate is used to determine base graph, which in turn determines the number of code blocks that the TB must be segmented into, thereby determining also the total number of CB-CRC bits that should be added to the TB, it is not possible to account for the correct number of CRC bits in the calculation of the nominal code rate.
It should be noted though that the CRC bits have a major impact on the nominal code rate only when  is very small. This is demonstrated in Table 1, which shows the nominal code rate calculated according to 1) under the assumption that  is selected such that the nominal code rate calculated according to alternative 2) is . If the nominal code rate is to be calculated from TBS, i.e.  or , we therefore propose that the number of CRC bits added to very small TBs is used in the calculation of the nominal code rate, regardless of the TB size and the number of code blocks that the TB is segmented into. This alternative is described in 3) below. The nominal code rate calculated according to alternative 3) is also included in Table 1.
3) Including 16 TB-CRC bits, which corresponds to including all CRC bits for TB sizes :

As discussed earlier, the nominal code rate is used to calculate Rinit, which in turn is used to determine base graph. A large deviation in the nominal code rate due to the impact of CRC bits not accounted for may result in the selection of a non-optimal base graph. It should however be noted that this is not a problem for very small , since base graph #2 is used for all code rates if .

[bookmark: _Ref497826785]Table 1: Nominal code rate calculated according to alternative 1), 2) and 3), assuming that G is selected such that the alternative 2) code rate is 0.5
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When calculating the nominal code rate from TBS and number of allocated resources, 16 CRC bits can be added to the signalled TBS to make the calculation more accurate for low TBS while avoiding the need to determine the exact number of CRC bits that will be added.

However, since the nominal code rate is only used for TBS determination and base graph selection, it does not have to be calculated very accurately. To minimize the processing needed, we instead propose that the MCS index is used for base graph selection, see Section 3.
Further, it is our understanding that the size of the cyclic buffer, i.e. , and LBRM is not taken into account in the calculation of nominal code rate, since the LBRM effect is accounted for separately. Thereby, the nominal code rate corresponds to the code rate including repetition. According to the agreement on calculation of , the nominal code rate and LBRM should be accounted for when calculating .

The nominal code rate includes repetition and is not affected by LBRM.

[bookmark: _Ref498415249]Base Graph Determination
Given the nominal code rate from Section 2,  can be calculated according to the agreement and used for base graph determination. This calculation is a straightforward procedure that has already been agreed. On the other hand, the exact code rate  is not critical to the overall performance, since both base graphs give about the same performance in the code rate region around  of 1/4. We therefore propose that the base graph selection is based directly on MCS index and TBS. The calculation of  can be performed in advance to determine at which MCS index the switch from base graph #1 to base graph #2 should be performed to correspond to a switch when . 

The base graph is determined based on information carried in DCI, i.e., TBS and MCS index.

To make it possible to soft combine information from a first transmission with information from a retransmission, the base graphs used must be the same. It is therefore important to ensure that the base graph is unambiguously determined and that the base graph used in a retransmission is the same as the base graph used for the initial transmission.
There are two alternative ways to achieve this:
1) Signal the base graph with a dedicated bit in the control information.

2) Specify reserved MCS indices, like in LTE, in the end of the MCS table for retransmissions where each reserved index represents a modulation order. If these MCS indices are used, it is assumed that the TB size is unchanged. The receiver uses the control information from the initial transmission to determine which base graph that has been used.
If the reserved MCS indices are not used, the gNB must secure that the combination of TBS and code rate as signalled through MCS index and the number of scheduled resource blocks for the retransmission leads to the same derivation of base graph as if control information for the initial transmission had been used.

Alternative 1) is simple and robust, but comes with the drawback of increased control signalling and should thus be avoided if possible.
Alternative 2) avoids additional signalling. However, if the reserved MCS indices are used, the drawback is failure if the receiver has not properly received the control signalling for the initial transmission. This error case must be handled in some way if alternative 2) is used. On the other hand, if the reserved MCS indices are not used, alternative 2) may cause unnecessary limitations in the scheduling of retransmissions. The reserved MCS indices should be used for all transmissions where there is no reason to believe that the receiver has not correctly received the control information of the initial transmission. As soon as it is unclear if the receiver has properly received the control signalling for the initial transmission, the gNB must secure that the combination of TBS and MCS index correspond to the same base graph as in the initial transmission.
The LTE MCS table with modulations up to 64QAM is shown in Table 2 in the appendix. Based on this MCS table, we have identified cases where it may be limiting for the gNB to select MCS index of the retransmission such that the base graph determined from the retransmission control information is the same as the base graph determined from the control information of the initial transmission.
a) Assume that MCS index 3 is used for the initial transmission. This MCS index has a target code rate of  and we therefore assume that base graph #2 should be used.
At the time of retransmission, better channel conditions have been reported and a slightly higher MCS may be used. However, since a higher MCS index would correspond to a target code rate > 1/4, which means that the base graph selected based on the control information of the retransmission (base graph #1) would differ from the base graph selected for the initial transmission (base graph #2), the selected MCS index must be 3 or lower.

b) Assume that MCS index 4 corresponding to base graph #1 is used in the initial transmission. If the channel conditions become worse, a lower MCS index cannot be used since the control information of the retransmission then corresponds to base graph #2.

The cases a) and b) mentioned above where base graph determination from TBS and MCS may be sub-optimal are likely to be rare. The impact on performance is also small. We therefore propose that alternative 2) is used to ensure that the base graph determined for the initial transmission is also used for any retransmission.

Do not introduce a dedicated bit in DCI to signal the base graph.
The base graph is determined from downlink control information (DCI) in the initial transmission if received properly. If the control information of the initial transmission was not properly received, the base graph is determined from DCI of the retransmission.
Conclusion
In this contribution, we made the following observations and proposals: 
1. When calculating the nominal code rate from TBS and number of allocated resources, 16 CRC bits can be added to the signalled TBS to make the calculation more accurate for low TBS while avoiding the need to determine the exact number of CRC bits that will be added.

1. The nominal code rate is derived based on the downlink control information (DCI).
The nominal code rate includes repetition and is not affected by LBRM.
[bookmark: _GoBack]The base graph is determined based on information carried in DCI, i.e., TBS and MCS index.
Do not introduce a dedicated bit in DCI to signal the base graph.
The base graph is determined from downlink control information (DCI) in the initial transmission if received properly. If the control information of the initial transmission was not properly received, the base graph is determined from DCI of the retransmission.
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Appendix
Table 2 shows the Rel-8 PDSCH MCS table with highest modulation being 64-QAM. The last column shows the target code rate for each MCS index [4].

[bookmark: _Ref498613524]Table 2: Rel-8 PDSCH MCS Table
	IMCS
	Modulation
	ITBS
	Target
r×1024

	0
	2
	0
	120

	1
	2
	1
	157

	2
	2
	2
	193

	3
	2
	3
	251

	4
	2
	4
	308

	5
	2
	5
	379

	6
	2
	6
	449

	7
	2
	7
	526

	8
	2
	8
	602

	9
	2
	9
	679

	10
	4
	9
	340

	11
	4
	10
	378

	12
	4
	11
	434

	13
	4
	12
	490

	14
	4
	13
	553

	15
	4
	14
	616

	16
	4
	15
	658

	17
	6
	15
	438

	18
	6
	16
	466

	19
	6
	17
	517

	20
	6
	18
	567

	21
	6
	19
	616

	22
	6
	20
	666

	23
	6
	21
	719

	24
	6
	22
	772

	25
	6
	23
	822

	26
	6
	24
	873

	27
	6
	25
	910

	28
	6
	26
	1054
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