3GPP TSG RAN WG1 #102-e			R1-2006489
e-Meeting, August 17th – 28th, 2020

Agenda Item:	7.2.5.3
Source:	Apple Inc.
Title:	Remaining issues on PUSCH enhancements for eURLLC
Document for:	Discussion/Decision
1. Introduction
In this contribution, we discuss some implications of PUSCH repetition Type B on UE implementation, propose some straightforward extension of the current specifications to address the issues. The corresponding TP is proposed.
2. Discussion
With PUSCH repetition Type B, a nominal repetition can be segmented into one or more actual repetitions, and each repetition has its own corresponding RV. Given that the duration of an actual repetition can be much smaller than a nominal repetition (note that TBS is determined based on the duration of a nominal repetition), the code rate or data rate of an actual repetition can be much higher than the intended code rate or data rate of a nominal repetition. In addition, there can be multiple actual repetitions within a slot for the same TB. This could create some potential issues for UE dimensioning if no additional restriction is introduced to specifically handle PUSCH repetition Type B.

First, let us review how the data rate limits are specified for PUSCH in Rel-15 or the current Rel-16 specifications. Here is the excerpt from TS 38.214 Clause 6.1.4:

	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.
-	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] 
-	 [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, 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).



There are two limits defined for PUSCH data rate(s). Here we explain how they are defined and why the current limits are not suitable for PUSCH repetition Type B.
1. Limit on aggregated data rate in a slot
· As highlighted above, the aggregated data rates are defined based on the TBs. That is, each TB is counted once towards the aggregated data rate in a slot. This is not an issue for PUSCH repetition Type A because there can be only one repetition for a TB within a slot. But for PUSCH repetition Type B, there can be multiple repetitions in a slot for the same TB. From UE implementation perspective, the processing needed for multiple repetitions is not the same as one repetition. Therefore, this should be modified accordingly for PUSCH repetition Type B.
· Since each actual repetition has its own RV, the physical layer processing for different actual repetitions for the same TB may be separate, and the processing needed for each actual repetition may be similar to the processing needed for a regular PUSCH transmission. Therefore, it makes more sense to count each actual repetition separately towards the aggregated data rate, even though they correspond to the same TB.
2. Limit on the data rate for an individual PUSCH
· Currently, this limit applies only for the case with processing time capability 2 or the case with HARQ retransmission. However, if we consider that an actual repetition can have a shorter duration compared to a nominal repetition, the data rate of an actual repetition may exceed the peak rate that the UE can process. This is very similar to the case with HARQ retransmission, where the allocated resources for HARQ retransmission could be smaller than that for initial transmission. Therefore, it would make sense to treat an actual repetition in a similar way as the HARQ retransmission.

With the above analysis, we propose the following:

Proposal: Adopt the following TP for TS 38.214 Clause 6.1.4:

	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] 
-	 [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).









	1/6	
