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1. Introduction
According to agreements and working assumptions made during the previous couple of RAN1 meetings, BG selection is carried out as follows [1], [2]:
· If code rate ≤ 1/4, BG#2 is used (Working Assumption)
· Else if 1/4 < code rate ≤ 2/3
· If TBS ≤ 3824, BG#2 is used
· Else BG#1 is used
· Else BG#1 is used
Table 1 visualizes the method of LDPC BG selection that we agreed.
Table 1: LDPC BG Selection
	TBS
Code rate
	TBS ≤ 3824
	TBS > 3824

	Rinit ≤ 1/4
	BG#2

	1/4 < Rinit ≤ 2/3
	BG#2
	BG#1

	Rinit > 2/3
	BG#1



In order to clarify how to define code rate for BG selection, there was an email discussion after RAN1#90. During email discussion [90-28], it was agreed that
Agreement:
· Rinit is the effective code rate at initial transmission of the transport block, taking into account:
· 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
· LBRM (if applied)
· Rinit is applied to previous agreements on BG selection, and reflected in TS38.212
In this contribution, 1) the above FFS point: details of how the nominal code rate is obtained and 2) how LBRM can be considered to calculate Rinit will be discussed.
2. Details on Nominal Code Rate
Two types of code rate can be considered as candidates for the nominal code rate to be used for BG selection. The first one is the target code rate linked to MCS field in the scheduling DCI. In LTE, when MCS and TBS were designed, there was such concept of the target code rate as shown in Table 2 [3]. The pairs of modulation order and code rate that can achieve equal spacing between adjacent spectral efficiencies were chosen to compose MCS table and then TBS was designed taking into account MCS table, RB allocation and overhead assumption. However such target code rate was not explicitly written in the spec since at that time it was an unnecessary parameter in perspective of LTE UE behaviour.
Table 2: Target Code Rates for LTE MCS
	MCS Index
	modulation order
	Target Code Rate

	0
	2
	0.117

	1
	2
	0.153

	2
	2
	0.188

	3
	2
	0.245

	…Omitted…

	27
	6
	0.889

	28
	6
	0.926

	29
	2
	N/A

	30
	4
	N/A

	31
	6
	N/A


For NR, such concept of target code rate should be necessary to design MCS and TBS, and that could also be used to select LDPC BG for the data Tx/Rx. In other words, the nominal code rate we are trying to define can be directly linked to the MCS field which would be included in PDSCH/PUSCH scheduling DCI. In UE behaviour perspective, such target code rate concept to be the nominal code rate would be a straightforward and robust way to select LDPC BG without any ambiguity between UE and eNB sides.
The second way of defining the nominal code rate is to use the transmission code rate which can be derived by TBS and the number of available REs for data transmission. In LTE, TBS and the number of available REs for the data can be inferred by scheduling DCI. That is, when scheduled, LTE UE can calculate the transmission code rate with TBS divided by modulation order times the number of available REs. For NR, such transmission code rate concept could be considered for LDPC BG selection. However, there are two agreements already made in the previous RAN1 meeting that need to be considered to define the nominal code rate in this way. The two agreements are captured in Annex.
[bookmark: _GoBack]According to the first agreement in Annex, coding rate is one of the parameters used to determine TBS which needs to be used to derive the code rate. Also taking into account the second agreement, TBS that is dependent on coding rate is determined based on CB segmentation result which is dependent on BG selection (subject to the code rate). For both the two agreements, the second way of defining nominal code rate could cause a chicken-and-egg problem. 
Having discussed above, it is proposed that the nominal code rate should be directly signalled by a field which is included in the scheduling DCI.
Proposal 1: Nominal code rate is directly signalled by a field in scheduling DCI.
3. Discussion on Limited Buffer Case
In LTE, RV buffer in gNB side and the soft buffer in UE side are coupled. In other words, for a given soft buffer size according to UE category, the RV buffer is partitioned in order not to exceed the soft buffer when aggregated with all HARQ processes. Figure 1 shows an example how rate matching is subject to the limited soft buffer case in LTE. 
[image: ]
Figure 1: LBRM (limited buffer rate matching) in LTE
However, for NR, due to the lack of use cases where LBRM can provide a benefit, it was agreed in RAN1#90 that NR should decouple the RV buffer from soft buffer size of the UE receiver as follows [2]:
Agreements:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.
· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer
According to the above agreement, there is no case that LBRM is applied for NR. As such BG selection which affects the rate matching procedure in transmitter side should not be subject to the soft buffer size of the UE receiver. Therefore, it is proposed that the same BG selection method in case of limited buffer should be used as in the normal case, i.e. Rinit should not be a parameter which depends on the soft buffer limitation.
Proposal 2: The BG selection method in limited buffer case is the same as in the normal case, i.e. Rinit is independent of the soft buffer limitation.
3. Conclusion
In this contribution, it is proposed that
Proposal 1: Nominal code rate is directly signalled by a field in scheduling DCI.
Proposal 2: The BG selection method in limited buffer case is the same as in the normal case, i.e. Rinit is independent of the soft buffer limitation.
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Annex
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value
Agreement:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)
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