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1	Introduction
In RAN1 NR Adhoc #2, the following agreements were made
Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 
FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 
In this agreement, the base graph is decided by code block size and coding rate of the initial transmission of the TB. For small transport block sizes, there will be only one code block per transport block. Therefore the base graph is decided by the transport block size and coding rate. Obviously the base graph for a TB is not changed for the retransmissions of the same TB.
In this contribution, we further discuss the mechanism to determine which of the two base graphs is used and how it is indicated to the UE. To determine base graph, we need to know the transport block size, and coding rate for the initial transmission. The transport block size determination is discussed in Section 2. How to define a nominal coding rate used for base graph determination is discussed in Section 3. In Section 4, we further discuss how the base graph is determined from the TBS and nominal coding rate and how the decision is indicated to the UE robustly.
2	Transport block size determination
In LTE, the transport block size depends on the MCS, the rank and the number of RBs allocated. A look up table based approached is used to find TBS using these parameters. 
In NR, there are more flexibility in resource allocation. There can be mini-slot based transmission where the number of OFDM symbols in the transmission can be 1 to 13. There can be slot bundling where a TB can be transmitted over multiple slots. Even in slot based transmission, there is mechanism that allows the starting and ending symbols for the transmission to be configured or dynamically indicated. Additonally, PDCCH resource reuse for PDSCH can be supported, if the PDCCH resource is not used for control transmission. As a result, the LTE approach may not be flexible enough to handle all these cases, and it may create coding rate variation under different resource usage.
In later phase of LTE, in the case that the number of OFDM symbol in the transmission is substantially smaller than the normal number of OFDM symbols in a subframe, such as PDSCH in DwPTS, PUSCH in UpPTS, and sTTI, TBS scaling mechanism was introduced. The scaling factor is selected/designed as a function of the number of OFDM symbols used, and the scaling is applied to the number of RBs allocated to come up with a nominal number of RBs, with rounding. The nominal number of RBs is used to look up the same TBS table to identify TBS. We can extend this mechanism to define the nominal number of RBs concept for NR for TBS determination.
In the grant, the rank and the resource allocation will be indicated. In RRC configuration and possible together with dynamic indication in the DCI, the starting and ending OFDM symbol of the transmission will be known as well. We can consider these are the nominal set of modulation symbols in the transmission:
Nominal # of resource elements = (# of RB) x (12) x (# of OFDM symbols)
Note that for the nominal # of resource elements computation, we didn’t consider 
Rate matching for different RS
Rate matching for sync channel transmission
Additional resource can be used from PDCCH resource reuse
The existence of these rate matching resources or additional resources are quite dynamic and will be hard to capture. However, if there are semi-static reserved resources within the allocated resources for the UE, these may be excluded.
Given the nominal number of resource elements, we can further compute the nominal number of modulation symbols:
Nominal # of modulation symbols = (Nominal # of resource elements) x (Rank)
To further compute the nominal number of RBs, we will need to define a nominal RB size. For example:
Nominal RB size = 144
Then the nominal number of RBs can be defined as 
Nominal # of RBs = ceiling( (Nominal # of modulation symbols) / (Nominal RB size) )
Note this nominal number of RBs definition already include the number of spatial layers information.
After we computed the nominal number of RBs, the TBS determination can be from a simple lookup table, together with MCS, as is done in LTE.
Proposal 1: Introduce nominal number of resource block size concept for transport block size determination.
More details of TBS determination is provided in a companion paper [1].
3	Nominal coding rate determination
For a PDSCH or PUSCH transmission, to determine the exact code rate of the initial transmission, exact number of resource elements used for the transmission is needed. However, the exact number of resource elements used for the initial transmission is not only a function of resource allocation in DCI and the starting and ending OFDM symbol of the transmission, but also a function of all rate matching mechanism, including DMRS, CSI-RS, sync block transmission, reserved resource within the allocation etc. Further more, the exact number of resource elements used for the initial transmission is also a function of all resource elements puncturing mechanisms, such as URLLC traffic puncturing. Additionally, it was already agreed that the unused resource for PDCCH can be reused of PDSCH. This introduces another source complexity for the determination of the exact number resource elements used.
To summarize, the exact coding rate of the initial transmission is determined by:
Resource allocation, rank indication, and MCS in DCI
Starting and ending OFDM symbol of the transmission from RRC or DCI
Rate matching resources, including DMRS, CSI-RS, sync block, reserved resources etc
Unused PDCCH resource reuse
Puncturing resource, including URLLC data
The calculation to determine the exact coding rate is quite complex. It is preferred to use a nominal coding rate for base graph determination instead.
Proposal 2: Introduce nominal coding concept for the base graph determination, instead of the exact coding rate. 
Note that the resource element puncture in out of the control of gNB when the traffic is scheduled. As a result, this effect should not be considered in the base graph determination.
Proposal 3: Resource element puncturing not considered in the initial transmission coding rate calculation.
When UE receives the DCI for the initial transmission, though the computation is complex, it is still possible to calculate the exact coding rate. However, in the case the DCI for the initial transmission is lost and another DCI is transmitted to schedule the retransmission of the same transport block, the same base graph should be used but it will not be possible to provide all the detailed information needed to calculate the exact rate matching and PDCCH reuse. Therefore we propose to exclude these from the coding rate calculation for the base graph determination.
Proposal 4: Resource element rate matching and dynamic unused PDCCH resource reusing not considered in the initial transmission coding rate calculation.
As a result, the coding rate used to derive the base graph should be only a function of
Resource allocation, rank indication, and MCS in DCI
Starting and ending OFDM symbol of the transmission from RRC or DCI

A simple way to define the coding rate can be directly using coding rate implied by MCS definition. When MCS table is defined, a modulation order and coding rate is assumed for each MCS to find a set of MCS with enough spectrum efficiency resolution to support the data transmission. The same coding rate can be reused and it should be accurate enough for the base graph determination purpose, consider the two base graphs have enough overlapping region for performance and an accurate threshold for coding rate for the base graph determination is typically not necessary. An alternative method to define a nominal coding rate is to again use the nominal number of RBs concept introduced in Section 2 and calculate the nominal coding rate using the TBS for the transmission and the nominal number of coded bits calculated from the nominal number of RBs. The computation is slightly more involved and may not be necessary.
Proposal 5: Use the MCS coding rate as the nominal coding rate to determine the base graph for LDPC code.
4	LDPC base graph determination and indication

With the nominal number of RBs and nominal coding rate concepts introduced in the previous two sections, each entry in the TBS table will have a base graph associated following the agreement. Basically nominal number of resource blocks and MCS are used to look up a table to determine TBS, and the nominal coding rate is used together with the TBS to determine the base graph. Effectively, for each entry in the TBS table, a base graph is associated. This is illustrated in the next figure.
Figure 1. Illustration of the TBS table with Base Graph Associateion
In the LTE TBS table, multiple MCS and #RB pairs can map to the same TBS entry. The eNB can choose to retransmit with different MCS/#RB pairs when the TBS are the same across these pairs, so to gain some flexibility in the resource usage for the retransmissions. We consider this a useful feature that should be supported in NR as well.
In the case that two entries in the TBS table end up with the same TBS size but different base graphs, say one with high MCS and small RB allocation, but the other with low MCS and larger RB allocation, there is ambiguity which base graph is used. By definition, the base graph determination only happens for the initial transmission. For re-transmission, even another entry in the TBS table with the same TBS is used, the base graph follows the initial transmission, even if that entry in the TBS table effectively implies a different base graph. Such ambiguity should be avoided in the case there is always a DCI miss detection error event, such that the initial transmission DCI implies the base graph used, but it is not received by the UE. In that case, if the retransmission DCI implies a different base graph, the UE decoding assumption will be wrong.
Proposal 6: Base graph indication design should support retransmission with different TBS table entries, but should be robust enough to handle DCI miss detection error events.
To properly decode, the ambiguity needs to be resolves. There are a few ways to do that.
Alt 1. Adding a bit in the DCI per CW to indicate the base graph used.
Alt 2. gNB makes sure the initial transmission and all retransmissions use the TBS table entries with the same base graph.
Alt 3. TBS table design makes sure there will be no same TBS size entries with different base graphs.
Alt 4. Specially designed TBS table to have both base graph options for the same TBS with the same column in the TBS table.

Among these alternatives, alternative 1 is the simpliest and is robust to DCI miss detection events. In this case, a bit in the DCI indicates the base graph used for the initial transmission. Even if the gNB picks a different TBS table entry corresponding to a different base graph for initial transmission, the explicit bit will let the UE know the base graph used. However, this design will add a bit to the DCI payload. Consider the fact that the base graph 2 will only be used for a very limited set of TBS entries, paying the cost of 1 bit uniformly may not be a good tradeoff.
Alternative 2 and alternative 3 are also simple. On the UE side, the TBS entry will be directly used to look up the table to identify the base graph used, and there will be no ambiguity. In altenative 2, the gNB will take care of the ambiguity resolution. In alternative 3, the TBS table is designed such that the ambiguity will not happen. The downside of these alternatives is there is restriction on the gNB scheduling flexibility on using very different number of RBs and MCS for the retransmission. 


[bookmark: _Ref489953697]Figure 2. Illustration of TBS table with special designs to allow more flexible TBS in retransmissions
Alternative 4 is illustrated in Figure 2. This alternative is an improvement to alternatives 2 and 3. Here the TBS table is designed in such a ways that, if a TBS size is to be supported with both base graphs with different number of nominal RBs (columns in the TBS table), within each column, assigne two entries to the TBS size. For example, in Figure 2, to support TBS0 in both base graphs, we design the TBS table to have 4 TBS0 entries, in two different columns. If the gNB sends the initial transmission with TBS0 in base graph 1 and determines to retransmit with a very different number of RBs, it can find in the TBS table with another entry of TBS0 in the same base graph. Effectively, alternative 4 is attempting to jointly encode the base graph indicator with the MCS value. The flexibility of the retransmission scheduling is achieved at the cost of lower MCS resolution for the TBS table at the low MCS and low number of nominal RBs cornor.
All the alternatives have their pros and cons. Further study is needed to downselect.
Proposal 7: Base graph indication can be downselected from the following alternatives
Alt 1. Adding a bit in the DCI per CW to indicate the base graph used.
Alt 2. gNB makes sure the initial transmission and all retransmissions use the TBS table entries with the same base graph.
Alt 3. TBS table design makes sure there will be no same TBS size entries with different base graphs.
Alt 4. Specially designed TBS table to have both base graph options for the same TBS with the same column in the TBS table.

5	Conclusions
In the paper, we considered TBS determination and LDPC base graph determination and indication. We have the following proposals.
[bookmark: p1]Proposal 1: Introduce nominal number of resource block size concept for transport block size determination.
[bookmark: p3][bookmark: p6][bookmark: p2]Proposal 2: Introduce nominal coding concept for the base graph determination, instead of the exact coding rate.
[bookmark: p5]Proposal 3: Resource element puncturing not considered in the initial transmission coding rate calculation.
[bookmark: p21]Proposal 4: Resource element rate matching and dynamic unused PDCCH resource reusing not considered in the initial transmission coding rate calculation.
[bookmark: p4]Proposal 5: Use the MCS coding rate as the nominal coding rate to determine the base graph for LDPC code.
[bookmark: p7]Proposal 6: Base graph indication design should support retransmission with different TBS table entries, but should be robust enough to handle DCI miss detection error events.
[bookmark: p9]Proposal 7: Base graph indication can be downselected from the following alternatives
Alt 1. Adding a bit in the DCI per CW to indicate the base graph used.
Alt 2. gNB makes sure the initial transmission and all retransmissions use the TBS table entries with the same base graph.
Alt 3. TBS table design makes sure there will be no same TBS size entries with different base graphs.
Alt 4. Specially designed TBS table to have both base graph options for the same TBS with the same column in the TBS table.
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