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1	Introduction
In principle, work on PUSCH enhancement for NR URLLC in Rel-16 has been completed in RAN1#99. 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	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 [6]. 
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: _Toc37463944]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 [4], 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 signalled, 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 [5] 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: _Toc37463945]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.
1. [bookmark: _Toc37463958]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 ----------------------------------------------------



2.2	Correction of definition of actual repetitions in 38.214
The definition of actual repetitions has not been captured correctly in 38.214. 
	38.214 V16.1.0 Section 6.1.2.1
[bookmark: _Hlk37351542]…
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot. An actual repetition with a single symbol is omitted except for the case of L=1. An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
…



The issue is that according to the text in the specification, a nominal repetition can be segmented at additional points in a slot, not only at invalid symbols. Such a segmentation results in actual repetitions that consists of potentially valid symbols within a slot and would be allowed according to the current text. An example is shown in Figure 2 where a nominal repetition of length 7 starting in symbol 0 is shown. All symbols occupied by the nominal repetition are potentially valid symbols. The correct segmentation results in a single actual repetition of length 7 symbols. Note that the spec allows for a segmentation of for example two actual repetitions with length 3 and 4 symbols respectively. Note that each actual repetition in this case consists of a consecutive set of potentially valid symbols in the slot.
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[bookmark: _Ref37421989]Figure 2: The spec allows for wrong segmentation of nominal repetition.
Further segmentation can be ruled out by specifying that each actual repetition consists of as many consecutive potentially valid symbols as possible. We propose the following change:
[bookmark: _Toc37463959]Adopt the following TP to 38.214
	------------------ Text Proposal for 38.214 Section 6.1.2.1------------------

…
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of as many potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot as possible. An actual repetition with a single symbol is omitted except for the case of L=1. An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
…
----------------------------------------------End of proposed TP ----------------------------------------------------



2.3 UCI multiplexing on PUSCH
Some issues remain for UCI multiplexing on PUSCH for PUSCH repetition Type B. Which actual PUSCH repetition to multiplex UCI on, and how to determine the number of resource elements used for UCI when multiplexing.
For the first issue we prefer to reuse the Rel-15 rules as much as possible, by considering each actual repetition as an independent PUSCH transmission.
[bookmark: _Toc37463960]Reuse Rel. 15 rules for determining on which actual PUSCH repetition to multiplex UCI on by treating each actual repetition as an independent PUSCH transmission.
In particular this means that the multiplexing timeline should be satisfied for all actual repetitions that overlap with a PUCCH. That is, the UCI is multiplexed on the first actual repetition that the PUCCH overlaps with.
Another issue is how to determine the number of resources used for UCI when multiplexing on PUSCH. As summarized in [8].
	In Rel-15, the UCI resources depend on the available REs in PUSCH and the TBS. As an example, the number of coded modulation symbols per layer for HARQ-ACK transmission is calculated as (Section 6.3.2.4.1.1 in TS 38.212)
[image: ],
where[image: ] denotes the available RE number of the current PUSCH piggybacking the UCI, and [image: ] denotes the TBS of the PUSCH. Note that there are similar equations for CSI.
For PUSCH repetition Type B, TBS is determined based on the nominal repetition length. The question is then how the number of REs for UCI should be calculated? Based on the nominal repetition or actual repetition?



Further a proposal was made based on the majority view with an additional upper limit on the number of REs based on the number of available REs in the actual repetition:
	Proposal 3.2-1:
For determining the number of REs used for UCI when multiplexing on PUSCH repetition Type B, the calculation is based on the nominal repetition, with the additional limit of no more than the resources available in the actual repetition.



When using a single nominal repetition, basing the number of available resources on the nominal repetition length allows for the UE to keep the proportion between the spectral efficiency between UCI and data constant. The beta factor allows for setting of different target BLER for data and UCI and the constant proportion between spectral efficiency of UCI and data allows the gNB to perform link adaptation for data and the link adaptation for UCI is automatically performed.  When scheduling with repetitions, the TBS is still determined by a single repetition, by the overall spectral efficiency of data is lowered by using repetitions. This causes the spectral efficiency of UCI to no longer be proportional to the spectral efficiency of data when using repetitions. In Rel. 15 the number of repetitions is RRC configured so the possible beta values can be reconfigured when changing the number of repetitions, but in Rel. 16 the number of repetitions can be changed dynamically. 
[bookmark: _Toc37463946]Changing the number of repetitions changes the proportion of spectral efficiency of data and UCI and changes the respective BLER performances.
Due to this dynamic change of the number of repetitions, as well as the different relative BLER targets needed for data and UCI when considering mixed traffic use cases we see a need to increase the possible number of beta factors that can be signaled in DCI.
[bookmark: _Toc37463961]Increase the number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate to 8.
2.4 A-CSI with PUSCH repetitions
In our understanding A-CSI is transmitted on all aggregated slot in Rel. 15 regardless of whether UL-SCH is present or not. For a detailed discussion on Rel. 15 behavior, please see [7].
[bookmark: _Toc37463962]Clarify that A-CSI is transmitted on all repetitions when PUSCH is transmitted using PUSCH repetition Type A.
For the following FFS
	· FFS whether or not to always assume the number of nominal repetitions is equal to 1 when PUSCH with repetition Type B carries A-CSI/SP-CSI only.


the behaviour should be the same. Note that when using PUSCH repetition Type B to improve coverage, the number of repetitions used is chosen to reach a certain BLER. When a nominal repetition is segmented into actual repetitions, the total number of symbols used is still comparable to the number of symbols in the nominal repetition. If the gNB determines that a certain number of repetitions needed to reach the BLER target for data, then the same number of repetitions should also be used for A-CSI in order to keep the relative spectral efficiencies proportional. For this to hold the A-CSI should be transmitted only on one actual repetition per nominal repetition.
[bookmark: _Toc37463963]Transmit A-CSI on the first actual repetition in each nominal repetition when using PUSCH repetition Type B.
2.5 PUSCH power control
The following agreement was made regarding PUSCH power control:
	Agreement:
For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.


The corresponding spec text in 38.213 reads as follows:
	[bookmark: _Toc29917266][bookmark: _Toc29899529][bookmark: _Toc29899111][bookmark: _Toc29894812][bookmark: _Toc26719381][bookmark: _Toc20311556][bookmark: _Toc12021444][bookmark: _Toc29917267][bookmark: _Toc29899530][bookmark: _Toc29899112][bookmark: _Toc29894813][bookmark: _Toc26719382][bookmark: _Toc20311557][bookmark: _Toc12021445][bookmark: _Toc29917268][bookmark: _Toc29899531][bookmark: _Toc29899113][bookmark: _Toc29894814][bookmark: _Toc26719383][bookmark: _Toc20311558][bookmark: _Toc12021446][bookmark: _Ref500774487][bookmark: _Ref497117847]7	Uplink Power control
<omitted text>
7.1	Physical uplink shared channel
<omitted text>
7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] using parameter set configuration with index [image: ] and PUSCH power control adjustment state with index [image: ], the UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion [image: ] as
[image: ] [dBm]
where,
<omitted text>
-	[image: ] for [image: ] and [image: ] for [image: ] where [image: ] is provided by deltaMCS for each UL BWP [image: ] of each carrier [image: ] and serving cell [image: ]. If the PUSCH transmission is over more than one layer [6, TS 38.214], [image: ]. [image: ] and [image: ], for active UL BWP [image: ] of each carrier [image: ] and each serving cell [image: ], are computed as below
-	[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
-	[image: ] when the PUSCH includes UL-SCH data and [image: ], as described in Clause 9.3, when the PUSCH includes CSI and does not include UL-SCH data
-	[image: ] is the modulation order and [image: ] is the target code rate, as described in [6, TS 38.214], provided by the DCI format scheduling the PUSCH transmission that includes CSI and does not include UL-SCH data
<omitted text>



We note that changing the upper bound in the sum before the yellow highlighted text to correspond to the nominal repetition length is not enough since the number of subcarriers for PUSCH symbol j is not defined for j outside the actual repetition. For example an actual repetition can be the last actual repetition in a PUSCH transmission and the UE can be scheduled with a different PUSCH transmission after this actual repetition. In this case the UE does transmit PUSCH in these symbols, but the number of subcarriers used can be completely different compared to the one in the actual repetition. Therefore we have the following text proposal:
[bookmark: _Toc37463964]Adopt the following text proposal to 38.213

	7	Uplink Power control
<omitted text>
7.1	Physical uplink shared channel
<omitted text>
7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] using parameter set configuration with index [image: ] and PUSCH power control adjustment state with index [image: ], the UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion [image: ] as
[image: ] [dBm]
where,
<omitted text>
-	[image: ] for [image: ] and [image: ] for [image: ] where [image: ] is provided by deltaMCS for each UL BWP [image: ] of each carrier [image: ] and serving cell [image: ]. If the PUSCH transmission is over more than one layer [6, TS 38.214], [image: ]. [image: ] and [image: ], for active UL BWP [image: ] of each carrier [image: ] and each serving cell [image: ], are computed as below
-	[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	If PUSCH repetition Type B is used,     [image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for a nominal PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212] that consists of a single actual repletion as defined in [6, TS 38.214]
     otherwise,
     [image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
-	[image: ] when the PUSCH includes UL-SCH data and [image: ], as described in Clause 9.3, when the PUSCH includes CSI and does not include UL-SCH data
-	[image: ] is the modulation order and [image: ] is the target code rate, as described in [6, TS 38.214], provided by the DCI format scheduling the PUSCH transmission that includes CSI and does not include UL-SCH data
<omitted text>

	



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.
Observation 3	Changing the number of repetitions changes the proportion of spectral efficiency of data and UCI and changes the respective BLER performances.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0 or RV 2.
Proposal 2	Adopt the following TP to 38.214
Proposal 3	Reuse Rel. 15 rules for determining on which actual PUSCH repetition to multiplex UCI on by treating each actual repetition as an independent PUSCH transmission.
Proposal 4	Increase the number of possible indices for beta offset that dynamic-ForDCIFormat0_2 can indicate to 8.
Proposal 5	Clarify that A-CSI is transmitted on all repetitions when PUSCH is transmitted using PUSCH repetition Type A.
Proposal 6	Transmit A-CSI on the first actual repetition in each nominal repetition when using PUSCH repetition Type B.
Proposal 7	Adopt the following text proposal to 38.213
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