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In RAN#94-e, the only outstanding critical issue for TBoMS has been resolved by adopting Option C only for rate matching [1]. In this contribution, we further analyze some remaining issues for TBoMS.
Discussion
RM for TBoMS
In RAN#94-e, it was agreed to adopt option C for the rate matching for TBoMS, i.e., the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not. The main reason is that it can overcome the error propagation issue due to missing detection of DL DCI corresponding to the HARQ-ACK feedback to be multiplexed in TBoMS PUSCH and many companies believe this is an important issue to be addressed. In RAN1#107-e, the following agreements were reached for HARQ-ACK multiplexed in PUSCH in Rel-15/16 maintenance session of AI 7.1 [2].
	Agreement
For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behaviour 
 
Agreement
For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.


It means that the UE should perform UCI multiplexing anyway by following the T-DAI in UL grant when the T-DAI in UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook. We believe this principle should also be applied to TBoMS PUSCH.
Proposal 1: For single TBoMS transmission and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if T-DAI in UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook, the UE should multiplex HARQ-ACK in the PUSCH following the T-DAI in UL grant.
For TBoMS, PUSCH is transmitted over multiple slots. The PUCCH with HARQ-ACK may overlap with any one of the multiple slots. If the UE misses the DL DCI, it would not know where is the PUCCH slot and in which slot the PUSCH overlaps with the PUCCH for HARQ-ACK. Therefore, the UE does not know the slot that the HARQ-ACK should be multiplexed in. For example, as shown in Figure 1 below, if the UE misses the DL grant, it does not know the HARQ-ACK should be multiplexed in PUSCH in slot#1 or PUSCH in slot#2. This issue should be resolved.


Figure 1 An example of PUCCH overlapping with PUSCHs for TBoMS
To address this issue, a straightforward way is to specify a slot for HARQ-ACK multiplexing. For example, the first slot or the last slot of the TBoMS transmission is specified for HARQ-ACK multiplexing when the UE does not detect any DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook. In this case, the network should schedule the PUCCH for HARQ-ACK overlapping with the specified slot to align the understanding between the UE and the network or network need to bear blind decoding otherwise. 
Proposal 2: One of the slot for TBoMS transmission should be specified for HARQ-ACK multiplexing if the UE does not know the PUCCH slot due to missing detection of the DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook.
It was agreed that the UE drops the PUSCH in a slot for the TBoMS transmission according to the Rel-15/16 PUSCH dropping rules and the dropped slot is still counted in the N allocated slots for the single TBoMS transmission. To follow the principle of the agreed Option C, if one of the PUSCH is dropped, the rate matching should not be affected. That is to say the coded bits that originally map to a dropped PUSCH for the TBoMS transmission should be skipped for the rate matching for TBoMS.
Proposal 3: The coded bits that originally map to a dropped slot for the TBoMS transmission should be skipped for the rate matching for TBoMS.
Data rate computation
In current specification, the data rate limitation is specified as below[3].
	For a j-th serving cell, if higher layer parameter processingType2Enabled of PUSCH-ServingCellConfig is configured for the serving cell and set to 'enable', or if at least one IMCS > W for a PUSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS tables 5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, or if it is an actual repetition for PUSCH repetition Type B, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PUSCH
-	M is the number of TB in the PUSCH
-	 where  is the numerology of the PUSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i)
-	each actual repetition for PUSCH repetition type B is treated as one PUSCH.


For TBoMS transmission, it was agreed that the maximum supported TBS should not exceed legacy supported maximum TBS in Rel-15/16 for the same number of layers. It means that the data rate reduces in the case of TBoMS. Therefore, the date rate limitation for TBoMS should be reflected in the specification. Compared with the legacy PUSCH transmission, the main difference is the TBS is determined by increased number of the symbols for transmission. Therefore, an update of definition of L or A should be considered. For example, L is defined as the number of symbols in multiples slots for TB processing or the TBS (i.e., A) is based on multiple slots for TB processing. Considering the data rate limitation for cell group is defined per slot, we think it is more straightforward and simpler to update the definition of A.
Proposal 4: The data rate limitation for cell group should be updated to reflect TBoMS by scaling the TBS based on the number of slots for TB size determination.
·  Adopt Text proposal #1 below.
----------------------------------------Text Proposal #1 for Section 6.1.4 in TS 38.214 h00------------------------------------
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<Unchanged parts are omitted>
Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
,
where
-	J is the number of configured serving cells belong to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot-sj. For PUSCH repetition Type B, each actual repetition is counted separately.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PUSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB,  
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5,38.212] 
-	For TB processing over multiple slots, N is indicated by numberOfSlotsTBoMS. Otherwise, =1.
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
For a j-th serving cell, if higher layer parameter processingType2Enabled of PUSCH-ServingCellConfig is configured for the serving cell and set to 'enable', or if at least one IMCS > W for a PUSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS tables 5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, or if it is an actual repetition for PUSCH repetition Type B, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PUSCH
-	M is the number of TB in the PUSCH
-	 where  is the numerology of the PUSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i)
-	each actual repetition for PUSCH repetition type B is treated as one PUSCH.
<Unchanged parts are omitted>



Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For single TBoMS transmission and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if T-DAI in UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook, the UE should multiplex HARQ-ACK in the PUSCH following the T-DAI in UL grant.
Proposal 2: One of the slot for TBoMS transmission should be specified for HARQ-ACK multiplexing if the UE does not know the PUCCH slot due to missing detection of the DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook.
Proposal 3: The coded bits that originally map to a dropped slot for the TBoMS transmission should be skipped for the rate matching for TBoMS.
Proposal 4: The data rate limitation for cell group should be updated to reflect TBoMS by scaling the TBS based on the number of slots for TB size determination.
·  Adopt Text proposal #1 below.
----------------------------------------Text Proposal #1 for Section 6.1.4 in TS 38.214 h00------------------------------------
	6.1.4	Modulation order, redundancy version and transport block size determination
<Unchanged parts are omitted>
Within a cell group, a UE is not required to handle PUSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
,
where
-	J is the number of configured serving cells belong to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot-sj. For PUSCH repetition Type B, each actual repetition is counted separately.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PUSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB,  
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5,38.212] 
-	For TB processing over multiple slots, N is indicated by numberOfSlotsTBoMS. Otherwise, =1.
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
For a j-th serving cell, if higher layer parameter processingType2Enabled of PUSCH-ServingCellConfig is configured for the serving cell and set to 'enable', or if at least one IMCS > W for a PUSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS tables 5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, or if it is an actual repetition for PUSCH repetition Type B, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PUSCH
-	M is the number of TB in the PUSCH
-	 where  is the numerology of the PUSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i)
-	each actual repetition for PUSCH repetition type B is treated as one PUSCH.
<Unchanged parts are omitted>
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