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1	Introduction
Most PUSCH enhancement issues for NR URLLC in Rel-16 has been completed in RAN1#100b-e. Nevertheless, there are still some remaining issues that need to be addressed. In this contribution, we discuss these remaining issues. Text proposals are also provided for corresponding specifications.
[bookmark: _Ref178064866]2	Discussion
2.1 A-CSI/SP-CSI with PUSCH repetitions
When A-CSI/SP-CSI is transmitted on PUSCH without UL-SCH, it is beneficial to allow repetition of the CSI for coverage reasons. However, to facilitate progress, if the majority view prefers to only transmit CSI on a single repetition, it is also acceptable.
[bookmark: _Toc40482717]For A-CSI/SP-CSI without UL-SCH, transmit the CSI on the first actual repetition of PUSCH.
For A-CSI/SP-CSI with UL-SCH we note that the timeline for preparing PUSCH and for preparing CSI is different.  As pointed out previously, this can lead to either outdated CSI and conservative DL link adaptation or increased UL latency. Transmitting CSI on the first repetition leads to increased UL latency since the scheduling of PUSCH needs to be postponed due to the CSI multiplexing timeline constraint. Likewise, if many repetitions are needed to achieve the desired reliability, transmitting the CSI on the last repetition makes the CSI outdated and leading to conservative link adaptation in DL. Hence it useful to transmit CSI on the first repetition that satisfies the multiplexing timeline, giving the smallest possible latency for both data and CSI. 
[bookmark: _Toc40482718]For A-CSI/SP-CSI with UL-SCH, transmit the CSI on the first actual repetition of PUSCH which satisfies the CSI multiplexing timeline.
We want to note that there is no technical difference between PUSCH Repetition Type A and Type B in these cases. Therefore we think that these should apply also to Repetition Type A.
[bookmark: _Toc40482719]Use similar handling for A-CSI/SP-CSI for PUSCH Repetition Type A as for Type B.
2.2	Redundancy version field in DCI format 0_2
This issue discussed also in the PDCCH enhancements Agenda Item, but as it has importance for PUSCH performance we discuss it in both this contribution as well as in [3]. 
One remaining issue on PUSCH repetition enhancement in Rel-16 is regarding redundancy version sequence to be used for PUSCH repetition. 
[bookmark: _Hlk37422487]This issue has also been discussed in NR-U, where in some cases a single bit is used to indicate the RV to be applied to a PUSCH transmission. In this case the bit indicates either RV 0 or RV 2 as can be seen in the following excerpt from 38.212 with highlighting added for emphasis.
	38.212 V16.1.0 Section 7.3.1.1.2
...
Redundancy version – – number of bits determined by the following:
-	2 bits as defined in Table 7.3.1.1.1-2 if the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1;
-	otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined by the maximum number of schedulable PUSCHs among all entries in the higher layer parameter pusch-TimeDomainAllocationList-r16, where each bit corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34.
…
Table 7.3.1.1.2-34: Redundancy version
	Value of the Redundancy version field
	
Value of  to be applied

	0
	0

	1
	2






[bookmark: _Toc40476499]In NR-U, when only one bit is used to signal RV in DCI for PUSCH, it indicates either RV 0 or RV 2.
During the discussion leading to the RRC parameter conclusion in [1], it was noted (copied below) that it is straightforward to combine existing agreements on configurable RV field for DL DCI format 1_2 and RV indication by DCI for the first PUSCH repetition.  However, this note is misleading and does not take into account the difference between PDSCH and PUSCH scheduling.
	Note: There is no explicit agreement for DCI format 0_2, but according to the agreement below for PUSCH and agreement for DCI format 1_2, this RRC parameter is straightforward to be included.
Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
• If 0 bit is configured, RV0 is used. 
• If 1 bit is configured, RV0 and RV3 are indicated dynamically 
Agreement:
For DG PUSCH with PUSCH repetition type B, the RV for the first repetition is provided by DCI, and RV cycling is done across the repetitions using the RV sequence of {0, 2, 3, 1}.
• “repetition” means actual repetition 



For DCI format 1_2 scheduling PDSCH, if only one bit is signaled, the redundancy version to be applied is either 0 or 3. This is a reasonable choice for PDSCH since both RV 0 and 3 are self-decodable for high code rate, and error cases exist where the gNB cannot tell whether the UE received the first transmission and stored the corresponding soft values or not. This is not the case for PUSCH. If the UE does not transmit the PUSCH correctly due to a missed grant, it is possible for the gNB to detect this, e.g. by looking at the noise level estimate based on DMRS. In this case the gNB can schedule the retransmission using RV 0 (basically treating it as the first transmission), which gives better performance than using RV 3 for a first transmission. On the other hand, if the first PUSCH transmission is transmitted correctly, but not decoded at the gNB due to a noisy transmission, the gNB would like to schedule the retransmission using RV 2, and soft combine with the first transmission. This gives better performance than using RV 3, as can be seen in [2] where Figure 1 appears. For this case, LDPC base graph (BG) #1 is used for information block size of K=1056 bits, and two consecutive transmissions are soft combined before decoding. As can be observed from Figure 1, for medium to high code rates above 2/3 (=0.67), the difference between using RV 3 and RV 2 for the second transmission is more than 1.5 dB over an AWGN channel.
[image: ]
[bookmark: _Ref32609378]Figure 1: Required SNR for decoding after two transmissions for different RV orders for base graph #1. K is the TBS including CRC bits.

Dynamically scheduled PUSCH is a case where there is no ambiguity about whether transmission occurred, or which instance of a transmission occurred. Self-decodability is not important for an individual retransmission. Hence the gNB should be able to schedule for best performance, i.e. it should be able to signal RV 2.
[bookmark: _Toc40476500]For dynamically scheduled PUSCH, there is no ambiguity at the gNB whether the first transmission occurred or not, and RV should be chosen to maximize performance.
The note above did not capture these aspects and thus cannot be used to conclude on the RV field for DCI format 0_2. 
[bookmark: _Hlk37422574]For performance reasons and for alignment with NR-U we have the following proposal. The text proposal for TS 38.212 is also provided below.
[bookmark: _Toc40482720]When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0 or RV 2.

	[bookmark: _Hlk37351487]------------------ Text Proposal for 38.212 Section 7.3.1.1.3 ------------------

- Redundancy version – 0, 1 or 2 bits determined by higher layer parameter NumberofbitsforRV-ForDCIFormat0_2
-	If 0 bit is configured, rvid to be applied is 0;
-	1 bit according to Table 7.3.1.2.3-1 7.3.1.1.2-34;
-	2 bits according to Table 7.3.1.1.1-2. 

----------------------------------------------End of proposed TP ----------------------------------------------------



2.3 UCI multiplexing on PUSCH
An open issue is how to determine the number of resources used for UCI when multiplexing on PUSCH. The majority view is to calculate the number of resources based on the nominal repetition length. This is important in order to enable proper link adaptation for both UCI and data without introducing more beta factors in DCI. An issue is whether the gNB should make sure that the number of resources given by this calculation always fits inside the actual repetition that the UCI is multiplexed on. We note that since the number of possible beta factors that the gNB can indicate in DCI is limited it might not always be possible for the gNB to guarantee this. Thus we see the need to add an explicit limit of the number of resource element available in the actual repetition.
[bookmark: _Toc40482721]When UCI is multiplexed on PUSCH with repetition Type B, the number of REs for UCI is calculated using the Rel-15 formula based on the nominal repetition length, with the additional limit of no more than the resources available in the actual repetition.
2.4 PUSCH power control
In RAN1#100b-e the following TP was agreed for 38.213 Section 7 [4][5]:
	[bookmark: _Toc36498140]7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion  is defined by a slot index  within a frame with system frame number , a first symbol  within the slot, and a number of consecutive symbols . For a PUSCH transmission with repetition Type B, a PUSCH transmission occasion is a nominal repetition [6, TS 38.214].
*** Unchanged text is omitted ***




This allows a PUSCH transmission occasion to overlap with more than one slot of another carrier, even if the two carriers have the same SCS. In section 7.7.1 in 38.213 the case where two carriers have different SCS is currently covered:
	[bookmark: _Toc36498154][bookmark: _Toc29917280][bookmark: _Toc29899543][bookmark: _Toc29899125][bookmark: _Toc29894826][bookmark: _Toc26719395][bookmark: _Toc20311570][bookmark: _Toc12021458]7.7.1	Type 1 PH report
If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], the UE computes the Type 1 power headroom report as 
[image: ] [dB]
where [image: ], [image: ], [image: ], [image: ], [image: ], [image: ] and [image: ] are defined in Clause 7.1.1. 
If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] is smaller than a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] that overlaps with multiple slots on active UL BWP [image: ], the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP [image: ] that fully overlaps with the slot on active UL BWP [image: ]. If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS configuration on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL BWP [image: ] that overlaps with the slot on active UL BWP [image: ].




The highlighted procedure needs to be extended for the case where a PUSCH transmission occasion (i.e., a nominal repetition) overlaps with multiple slots on a second carrier with the same SCS.
[bookmark: _Toc40482722]Adopt the following TP for 38.213 Type 1 PH report.
	7.7.1	Type 1 PH report
<Unchanged text omitted>
If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] is smaller than a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] that overlaps with multiple slots on active UL BWP [image: ], the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP [image: ] that fully overlaps with the slot on active UL BWP [image: ]. If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] is smaller than or equal to a SCS configuration [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission with PUSCH repetition Type B, whose nominal repetition spans more than one slot on active UL BWP [image: ] and overlaps with multiple slots on active UL BWP [image: ], the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP [image: ] that fully overlaps with the nominal repetition on active UL BWP [image: ]. If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS configuration on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP [image: ] , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL BWP [image: ] that overlaps with the slot on active UL BWP [image: ].
<Unchanged text omitted>



Conclusion
In the previous sections we made the following observations: 
Observation 1	In NR-U, when only one bit is used to signal RV in DCI for PUSCH, it indicates either RV 0 or RV 2.
Observation 2	For dynamically scheduled PUSCH, there is no ambiguity at the gNB whether the first transmission occurred or not, and RV should be chosen to maximize performance.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For A-CSI/SP-CSI without UL-SCH, transmit the CSI on the first actual repetition of PUSCH.
Proposal 2	For A-CSI/SP-CSI with UL-SCH, transmit the CSI on the first actual repetition of PUSCH which satisfies the CSI multiplexing timeline.
Proposal 3	Use similar handling for A-CSI/SP-CSI for PUSCH Repetition Type A as for Type B.
Proposal 4	When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0 or RV 2.
Proposal 5	When UCI is multiplexed on PUSCH with repetition Type B, the number of REs for UCI is calculated using the Rel-15 formula based on the nominal repetition length, with the additional limit of no more than the resources available in the actual repetition.
Proposal 6	Adopt the following TP for 38.213 Type 1 PH report.
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