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1. Introduction
At RAN1 #100, related to the URLLC transmission duration, the following agreements were reached:

Agreement:
For PUSCH repetition Type B, S is from 0 to 13, and L is from 1 to 14. (RRC impact)

Agreements:
· For PUSCH repetition Type B, a UE is not expected to be indicated with an antenna port configuration that is invalid for the duration of any actual repetition.
· For PUSCH with repetition Type B, an actual repetition with a single symbol is not transmitted.

 For UCI multiplexing, the following issues were captured in the feature lead summary:
1. Which PUSCH repetition should UCI be multiplexed on?
2. With the selected PUSCH repetition, how UCI resource determination is conducted?

In this contribution we provide our views on PUSCH enhancements. 
2. Discussion on URLLC transmission duration
From the agreements achieved in RAN1 #100:

Agreement:
For PUSCH repetition Type B, S is from 0 to 13, and L is from 1 to 14. (RRC impact)

Agreements:
· For PUSCH repetition Type B, a UE is not expected to be indicated with an antenna port configuration that is invalid for the duration of any actual repetition.
· For PUSCH with repetition Type B, an actual repetition with a single symbol is not transmitted.


To deal with the so-called orphan symbol issue, restriction is enforced on actual repetition, i.e. if an actual repetition is of a single symbol, then the actual repetition is not transmitted. However, for nominal repetition, a PUSCH of one symbol is allowed. The essence of the design choice is if a PUSCH which is not deemed to provide meaningful transmission, then it is dropped.

Related to the same design consideration, we also need to consider how TBS is determined. The procedure to determine  TBS is provided in TS 38.214, an excerpt of the relevant text is included below. 

                         Start of Excerpt from TS 38.214
The UE shall first determine the number of REs (NRE) within the slot: 

-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 








[bookmark: _Hlk512515248]-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols of the PUSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without data, as described for PUSCH with a configured grant in Subclause 6.1.2.3 or as indicated by DCI format 0_1 or as described for DCI format 0_0 in Subclause 6.2.2, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the  is not configured (a value from 6, 12, or 18), the  is assumed to be 0. For Msg3 transmission the  is always set to 0.



-	A UE determines the total number of REs allocated for PUSCH  by where  is the total number of allocated PRBs for the UE.

_______________ End of Excerpt from TS 38.214 ________________________

From that a key parameter in determining TBS is given by 


,
Where  is the number of REs available for PUSCH transmission within a PRB:
· The first term  gives the total number of REs in a PRB with a PUSCH allocation of  symbols, and 
· 
  is the number of REs for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without data,
· 
and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig; which can take a value from 0, 6, 12, 18. 


 is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig;  with repetition Type B, as one nominal transmission can be anywhere from 1 symbol to 14 symbols, the budgeted overhead may be too much for a short transmission:

· In one example, =2,  (6 REs for single symbol Type 1 DMRS),  =18, then with 2 OFDM symbols for a PUSCH nominal transmission, then 

In this case, the TBS is zero. 

· In another example, =1,  (6 REs for single symbol Type 1 DMRS),  =18, then with 2 OFDM symbols for a PUSCH nominal transmission, then 

 For such cases, the UE behavior for such cases needs to be clarified, for example the UE does not expect PUSCH with  or the UE drops PUSCH with ; it is also possible to make modification to the formula to calculate   so is always positive. 

We have

Proposal 1: Clarify UE behavior when .
2.2 Discussion on UCI multiplexing
AP CSI multiplexing over PUSCH

When aperiodic CSI reporting is triggered by an uplink DCI, our understanding is that in Rel-15, CSI is multiplexed into the first PUSCH transmission if PUSCH slot aggregation is configured. That design choice may be a reasonable for eMBB, however for URLLC, the same design choice should not be taken blindly. We can consider the timeline requirement as shown below first for PUSCH timing capability 2 in Figure 1 and then for CSI computation delay requirement 1 (fast CSI) in Figure 2:

[image: ]
Figure 1 PUSCH preparation time
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Figure 2 CSI computation delay
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Figure 3 Comparison of CSI only, UL-SCH only, CSI/UL-SCH multiplexing timeline at SCS=15 KHz

In Figure 3, the processing timelines for CSI only, UL-SCH only, and CSI/UL-SCH multiplexing timelines are depicted. A key takeaway is that 

· PUSCH without CSI can be processed fast ( 5 symbols); and comparatively speaking, CSI processing even for the fast CSI needs more time;
· If the gNB needs the UE to send a fresh aperiodic CSI report and UL-SCH simultaneously, the minimum allowable scheduling time between PDCCH and PUSCH becomes much larger.
· Of course the gNB can still request the UE to send UL-SCH along with a CSI report with ( symbols between DCI scheduling the PUSCH and PUSCH transmission), however in that case, the UE does not need to update the CSI report (i.e. the CSI report carried over PUSCH is obsolete). 
· By enforcing the CSI to be multiplexed on the first PUSCH transmission and given repetition type B can take multiple nominal repetitions, essentially the gNB has to choose between fast UL data transmission and fresh DL CSI, both cannot be accommodated at the same time.

From the analysis above, we can see it is more advantageous to place UCI multiplexing in a later PUSCH repetition type B transmission, so the UE has enough time to produce fresh CSI for the triggered CSI report, and send report with fresh CSI to the network. And how to ensure fresh CSI reporting should be of high priority in the consideration in placing UCI on an actual repetition; in the end if the freshness of CSI reporting is not guaranteed, no matter how robust the UCI transmission is, as it carries only obsolete CSI reporting, which won’t be of any use to the gNB scheduler. 

[image: ]
Figure 4 Relaxed CSI feedback timing
In NR-U, there were discussions on AP-CSI feedback timing with multi-PUSCH. At RAN1 #99, the following was reached:

Agreement:
When a DCI schedules M PUSCHs:
· The PUSCH that carries the aperiodic CSI feedback is:
· When M <= 2: the (M)-th scheduled PUSCH
· When M > 2: the (M-1)-th scheduled PUSCH
· The timing relation between A-CSI-RS and UL grant is same as Rel-15 NR.

Similarly, for a PUSCH repetition Type B, let M be the number of actual repetitions after segmentation which are not dropped due to orphan symbol treatment, when M <=2, then the AP-CSI is carried over the (M)-th actual repetition or the longest repetition, and when M > 2, then the AP-CSI is carried over the (M-1)-th actual repetition or the actual repetition of the longest duration within a range of actual repetitions, whose indexes are towards the beginning  e.g. {1,2}, or towards the end, e.g. {M-1, M}.
 
We have:
Proposal 2: For a repetition Type B PUSCH with M actual repetitions after segmentation which are not dropped due to orphan symbol treatment, when M<=2, the AP-CSI is carried over the (M)-th actual repetition, and when M > 2, then the AP-CSI is carried over the (M-1)-th actual repetition.

3. Conclusions
In this contribution we share our views on PUSCH enhancements. We have

Proposal 1: Clarify UE behavior with .

Proposal 2: For a repetition Type B PUSCH with M actual repetitions after segmentation which are not dropped due to orphan symbol treatment, when M<=2, the AP-CSI is carried over the (M)-th actual repetition, and when M > 2, then the AP-CSI is carried over the (M-1)-th actual repetition.
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Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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Table 5.4-1: CSI computation delay requirement 1
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