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1 Introduction
In the RAN1 #96b meeting [1], the following agreements were achieved for PUSCH enhancements. 

Agreements:

· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:

For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.

· FFS the exact signaling method

· FFS the exact DCI format(s)

· FFS the exact mechanism to enable or disable

· FFS the DCI activating type 2 configured grant PUSCH

Agreements:

For option 6,

· For dynamic PUSCH

· For semi-static DL symbol(s), to down-select

· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).

· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.

· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).

· Note: this is the same as Rel-15 behavior.

· For configured grant PUSCH,

· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,

· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 

· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 

· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.

Agreements:

· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.

Agreements:

For both option 4 and 6, frequency hopping is supported

· FFS details

A couple of TBS determination methods were raised in the last meetings, including calculating the TBS based on the first PUSCH, nominal PUSCH, shortest PUSCH, longest PUSCH, all repetitions, etc. In this contribution, we focus on discussing the TBS determination methods and provide our preference based on the analysis.
2 Analysis for the TBS determination methods
Several TBS calculation methods are listed and analyzed as follows.
TBS is calculated based on the first PUSCH
This method follows the Rel-15 rule, where the TBS is calculated based on the first PUSCH, i.e., the MCS is indicated for the first PUSCH.

One drawback of this method is potentially suboptimal combination of modulation order and effective coding rate for remaining long PUSCHs in case the first PUSCH is a short PUSCH. E.g., the first PUSCH may be a short PUSCH due to that the starting position is close to slot/DL boundary, while the remaining PUSCH repetitions could be with relatively long duration. Given the short PUSCH and the long PUSCH carries the same TB, when the calculated TBS is applied to the long PUSCH, the modulation order still follows the MCS, but the effective coding rate would be much smaller than the coding rate for the first PUSCH, i.e. the target coding rate indexed by the MCS. The combination of unmatched modulation order and coding rate would lead to suboptimal performance for the long PUSCH. E.g., as shown in Figure 1, the UL grant schedules two PUSCH repetitions where the first PUSCH is 2OS length and the second PUSCH is 8OS length. The indicated MCS index is 27, so 64QAM modulation and 772/1024 coding rate is applied to the first PUSCH. As the second PUSCH is 4 times larger than the first PUSCH, the effective coding rate for the second PUSCH is 1/4 of the first PUSCH, i.e. 193/1024. Thus the second PUSCH is applied with aggressive modulation order combined with conservative coding rate, which leads to less efficient resource utilization as compared to the combination of moderate modulation order with moderate coding rate, e.g., MCS 14 (QPSK, CR=602/1024), which calculates a similar TBS value.
Another drawback of this method is the upper bound of the calculated TBS depends on the size of the first PUSCH repetition. As a consequence, this method imposes a limitation on the gNB scheduling to balance the size of the first PUSCH and the TBS. E.g., if the gNB wants to schedule a TB with relatively large TBS, it has to carefully control the starting position of the first PUSCH repetition to avoid this starting position to be too close to the slot/DL boundary, in which case the PUSCH may be too short for calculate the required large TBS. This limitation results in nonflexible starting point of the first PUSCH transmissions and leads to potential latency issue.
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Figure 1 TBS is calculated based on the first PUSCH
Observation 1: Calculating the TBS based on the first PUSCH may potentially lead to inefficient resource utilization due to suboptimal combination of modulation order and effective coding rate for remaining long PUSCHs in case the first PUSCH is a short PUSCH.
Observation 2: Calculating the TBS based on the first PUSCH imposes limitation on the gNB scheduling to balance the size of the first PUSCH and the TBS, which results in nonflexible starting point of the first PUSCH.
TBS is calculated based on the shortest PUSCH
Similar to the case of calculating the TBS based on the first PUSCH which is a short PUSCH, it may lead to inefficient resource utilization and imposes a limitation on the gNB scheduling to balance the size of the shortest PUSCH and the TBS. 
Observation 3: Calculating the TBS based on the shortest PUSCH may lead to inefficient resource utilization and imposes limitation on the gNB scheduling to balance the size of the shortest PUSCH and the TBS.
TBS is calculated based on all PUSCHs
In this method the MCS is applied to the whole durations, i.e., the modulation order follows the MCS, while the effective coding rate for per PUSCH repetition is K times than the target coding rate indexed by the MCS.
One benefit of this method is that it has no limitation on the starting position of the first PUSCH since the TBS is calculated irrespective of the size of the first PUSCH. 
Another benefit is it more efficiently utilizes the resources in case of RV 0231. This is due to that repeating the transmission with different RV versions is equivalent to lowering the coding rate, thus both the modulation order and the effective coding rate follows the indicated MCS when taking all repetitions as a whole. In addition, the upper bound of the calculated TBS can be largely increased.
The drawback of this method is there is a risk of overbooked TBS. In legacy NR system, the systematic bits for the TB is firstly encoded to generate a mother code with coding rate 1/3 or 1/5. Rate matching is then performed to select the output bits according to the RV index to fit the available REs on the PUSCH. Since the TBS is calculated based on the available resources for the PUSCH and mapped to the same PUSCH, the effective coding rate after rate matching will not exceed 0.95. However, if the TBS is calculated based on all PUSCH repetitions, there is a risk that the TBS is too big to be carried on one PUSCH so that the effective coding rate may exceed 0.95, i.e. partial systematic bits are dropped, and therefore the PUSCH is not self-decodable. This would cause critical performance loss especially for RV 0000 or RV 0303, where each PUSCH repetition carries almost the same encoded systematic bits so that the dropped systematic bits may not be recovered by other repetitions. To avoid the overbooked TBS, the gNB has to avoid indicating MCS index with large coding rate. This still imposes limitation on MCS indication and harms the efficiency and flexibility in turn.
Observation 4: If the TBS is calculated based on all repetitions, there is a risk of overbooked TBS issue for RV 0000 or RV 0303 where the calculated TBS may be too big for per PUSCH so that partial systematic bits are dropped and cannot be recovered.
TBS is calculated based on the longest PUSCH/nominal PUSCH
Calculating TBS based on the longest PUSCH can guarantee the whole transmissions are self-decodable regardless of the RV pattern. E.g., for RV 0000 or 0303, the whole transmissions can be self-decodable if any of the PUSCH repetitions, including the longest PUSCH, carries all systematic bits and is self-decodable.
On the other hand, this method achieves better resource utilization efficiency than calculating the TBS based on any other single PUSCH since it can achieve the higher upper bound of the TBS and guarantee more appropriate combination of modulation order and effective coding rate.
For Option 4, in particular, longest PUSCH corresponds to the nominal PUSCH for which the length L is indicated by the UL grant. Besides the benefits mentioned above, it provides more flexibility to indicate the TBS calculation method for Option 4. Considering the gNB can signal the repetition pattern as K*L mini-slot repetitions or 1*L nominal PUSCH which is splitted into 2-segments, this implicitly indicates the TBS calculation method, where K>1 implies the TBS is calculated based on one nominal PUSCH, while K=1 implies the TBS is calculated based on the whole duration of the 2 segments.
Observation 5: Calculating TBS based on the longest PUSCH or the nominal PUSCH can guarantee the transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.
Observation 6: Calculating TBS based on the nominal PUSCH for Option 4 can support flexible indication of calculating TBS based on one PUSCH repetition or based on all repetitions.
Proposal 1: It could be considered to calculate the TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6 (if supported).

3 The impact of PUSCH omission due to conflict
As it has been agreed that the PUSCH which has conflict with semi-static DL symbol(s) should be omitted for Option 6, it should be discussed whether the omitted PUSCH should be used for TBS calculation. If the TBS is calculated based on one PUSCH, this means the PUSCH is applied with the MCS indicated by DCI which is optimal combination of modulation order and coding rate. However, if the TBS is applied to another PUSCH with a different length, the effective coding rate is changed so that the combination of modulation order and effective coding rate may be suboptimal. In particular, if the TBS is calculated based on a longer PUSCH which is omitted due to collision, and is applied for a shorter PUSCH which is actually transmitted, the effective coding rate for the shorter PUSCH may be larger than 0.95 so that systematic bits would be lost. Therefore, the omitted PUSCH due to conflict with semi-static DL symbol(s) should not be used for TBS calculation. 
On the other hand, if the PUSCH is omitted due to conflict with dynamic DL symbol(s), the UE may have already generated the TB before receiving the dynamic SFI, thus it could further study whether this omitted PUSCH could be used for TBS calculation.

Proposal 2: The PUSCH repetition omitted due to conflict with semi-static DL symbol(s) should not be used for TBS calculation.

· FFS for the PUSCH repetition omitted due to the conflict with dynamic DL symbol(s).

4 Conclusions

In this contribution, we analyzed the TBS determination methods, and the impact of PUSCH omission due to conflict with semi-static/dynamic DL symbol(s). Based on the discussions, the observations and proposals are given as follows: 
Observation 1: Calculating the TBS based on the first PUSCH may potentially lead to inefficient resource utilization due to suboptimal combination of modulation order and effective coding rate for remaining long PUSCHs in case the first PUSCH is a short PUSCH.

Observation 2: Calculating the TBS based on the first PUSCH imposes limitation on the gNB scheduling to balance the size of the first PUSCH and the TBS, which results in nonflexible starting point of the first PUSCH.
Observation 3: Calculating the TBS based on the shortest PUSCH may lead to inefficient resource utilization and imposes limitation on the gNB scheduling to balance the size of the shortest PUSCH and the TBS.
Observation 4: If the TBS is calculated based on all repetitions, there is a risk of overbooked TBS issue for RV 0000 or RV 0303 where the calculated TBS may be too big for per PUSCH so that partial systematic bits are dropped and cannot be recovered.
Observation 5: Calculating TBS based on the longest PUSCH or the nominal PUSCH can guarantee the transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.

Observation 6: Calculating TBS based on the nominal PUSCH for Option 4 can support flexible indication of calculating TBS based on one PUSCH repetition or based on all repetitions.
Proposal 1: It could be considered to calculate the TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6 (if supported).

Proposal 2: The PUSCH repetition omitted due to conflict with semi-static DL symbol(s) should not be used for TBS calculation.

· FFS for the PUSCH repetition omitted due to the conflict with dynamic DL symbol(s).
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