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1	Introduction
This document is for the purpose of NR-U maintenance under the HARQ enhancement agenda item.
[bookmark: _Ref178064866]2	Discussion
2.1	Multi-PUSCH scheduling
2.1.1	Mapping order of indicated HARQ ID, NDI, RV to PUSCHs
When a UE is configured with TDRA table for multi-PUSCH scheduling and is scheduled by DCI format 0_1 with more than one PUSCH, the UE should be able to determine the HARQ process ID, NDI and RV corresponding to each scheduled PUSCH based on the DCI. The HARQ process ID, NDI and RV are described in TS38.212 as the following: 
	TS38.212, Subclause 7.3.1.1.2 Format 0_1
...
-	New data indicator – 1 bit if the number of scheduled PUSCH indicated by indicated by the Time domain resource assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationList-r16
-	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 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 subclause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34.
-	HARQ process number – 4 bits
...



It can be seen from the above description, that for NDI and RV the mapping order of the bits to each scheduled PUSCH is not described. While for the HARQ process ID, the highlighted part of the following agreement is not captured. 
Agreement (RAN1#97):
For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· ….

Therefore, we propose the following TP to resolve the described issue:

[bookmark: _Toc32516887]Adopt the following TP in subclause 7.3.1.1.2 of TS 38.212 to determine the HARQ process number, NDI and RV of each PUSCH when more than one PUSCH is scheduled by DCI format 0_1.
	[bookmark: _Toc19798776][bookmark: _Toc26467247]7.3.1.1.2	Format 0_1
*** Unchanged text is omitted ***
-	New data indicator – 1 bit if the number of scheduled PUSCH indicated by indicated by the Time domain resource assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationList-r16. The bits are mapped to the schedualed PUSCHs in the order where the most significant bit is mapped to the first scheudled PUSCH and the least significant bit is mapped to the last scheudable PUSCH.
-	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 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 subclause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34. The bits are mapped to the schedualed PUSCHs in the order where the most significant bit is mapped to the first scheudled PUSCH and the least significant bit is mapped to the last scheudable PUSCH.
-	HARQ process number – 4 bits
-	The indicated 4 bits determine a HARQ process number  corresponding to the scheduled PUSCH if the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1; otherwise the HARQ process number of th schedualed PUSCH is detemrined by  where  and  is the number of schedualed PUSCHs.
*** Unchanged text is omitted ***




2.1.2	Applicable value for RV
When a UE is configured with TDRA table for multi-PUSCH scheduling and is scheduled by DCI format 0_1 with more than one PUSCH, the redundancy version for each of the scheduled PUSCH is indicated by a bit.  It is still an open issue the RV value when the bit indicates “1” as shown in the following agreement. 
Agreement (RAN1#99):
· The single bit for RV values chooses from RV {0, [2 or 3]}

Basically, a codeword contains both systematic and parity bits. To be able to decode, the receiver needs to receive most of the systematic bits. RV 3 starts close to the end of the circular buffer; therefore, it contains some parity bits, followed by the systematic bits. RV 2 starts close to the middle of the circular buffer, so needs a low code rate to transmit the systematic bits. This means that RV 3 is self -decodable, and RV 2 is not. By this we mean that for most code rates, the receiver can decode, if it receives only RV 3. For high to medium code rates when using RV 2, only parity bits are sent, and the receiver will not be able to decode.
In the DL it might happen that the UE misses the first PDSCH due to wrong decoding of PDCCH. In this case the UE will not transmit HARQ feedback for this PDSCH. The gNB can detect this, but in some cases where the UE multiplexes HARQ feedback from different transmissions, the gNB is not able to distinguish between missed detection of PDCCH and failed decoding, since both result in a NACK. In the case of missed detection of PDCCH, if the gNB schedules a retransmission using RV 2, then the UE will likely not be able to decode this if the code rate is high to medium. In these cases, it can make sense to retransmit with RV 3 instead. This means that the UE can always decode if the SNR is adequate, but there is a performance loss compared to using RV 2 if the UE detected the first PDCCH and already has soft values in the buffer from the first PDSCH transmission.
In the UL, the gNB schedules the transmission. Hence if the UE does not transmit the PUSCH correctly, either due to missed grant, or due to LBT failure 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 the 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 can 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 [1]. 
The following is from chairman’s notes from RAN1#90 bis, it might give some extra context:
Observations (RAN1#90): 
· If performance is the priority, {0,2,3,1} should be used. 
· If self-decodability is the priority, it should be taken into account that the upper limit of the code rate at which each RV is self-decodable is in the following order: 0>3>>2>1

Agreement (RAN1#90): 
· The default RV order is {0,2,3,1} for cases where RV index is not explicitly signalled or otherwise specified and there is no ambiguity about which instance of a transmission occurred, for both BG1 and BG2

Therefore, we propose the following:
[bookmark: _Toc32516888]Adopt the following TP in subclause 7.3.1.1.2, Table 7.3.1.1.2-34 of TS 38.212 to apply value 2 when a single bit RV field in DCI format 0_1 indicates “1”.

	7.3.1.1.2	Format 0_1
*** Unchanged text is omitted ***
Table 7.3.1.1.2-34: Redundancy version
	Value of the Redundancy version field
	
Value of  to be applied

	0
	0

	1
	[2 or 3]


*** Unchanged text is omitted ***




2.2		One-shot HARQ feedback
Triggering only one-shot HARQ feedback by DCI format 1_1, based on the following agreement is supported. The corresponding open issue is that how the signaling in DCI format 1_1 is done such that the UE interprets that the DCI only triggers one-shot HARQ feedback and does not schedule any PDSCH.
[bookmark: _Hlk32450995]Agreement (RAN1#99):
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.

As shown in the above agreement, one option discussed is usage of a value for FDRA field.  However, the all 0’s or all 1’s in DCI format 1_1 corresponding to resource allocation type 0 or 1, respectively, are already used to reserve the DCI format for dormancy indication. Moreover, searching for other FDRA combination values impact the scheduling flexibility. Hence, from our perspective, the FDRA based approach is not recommended to indicate only one-shot feedback due to conflict with SCell dormancy indication and potential impact on scheduling. Hence, other means are encouraged to be explored and discussed preferably in the Face-to-Face meeting. 
	TS38.212, Subclause 7.3.1.2.2 Format 1_1
...
-	SCell dormancy indication – 0 bit if higher layer parameter Scell-groups-for-dormancy-within-active-time is not configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter Scell-groups-for-dormancy-within-active-time, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter Scell-groups-for-dormancy-within-active-time, with MSB to LSB of the bitmap corresponding to the first to last configured SCell group. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
If all bits of frequency domain resource assignment are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1, this field is reserved and the following fields among the fields above are used for SCell dormany indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index 
-	Modulation and coding scheme of transport block 1 
-	New data indicator of transport block 1 
-	Redundancy version of transport block 1 
-	HARQ process number 
-	Antenna port(s) 
[-	DMRS sequence initialization]
...



Therefore, we propose the following way forward:
[bookmark: _Toc32516889]If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1, a value of the FDRA field is not used for indicating that this DCI does not schedule PDSCH. Consider other means for indication of one-shot HARQ-ACK feedback only.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt the following TP in subclause 7.3.1.1.2 of TS 38.212 to determine the HARQ process number, NDI and RV of each PUSCH when more than one PUSCH is scheduled by DCI format 0_1.
	7.3.1.1.2	Format 0_1
*** Unchanged text is omitted ***
-	New data indicator – 1 bit if the number of scheduled PUSCH indicated by indicated by the Time domain resource assignment field is 1; otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined based on the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationList-r16. The bits are mapped to the schedualed PUSCHs in the order where the most significant bit is mapped to the first scheudled PUSCH and the least significant bit is mapped to the last scheudable PUSCH.
-	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 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 subclause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34. The bits are mapped to the schedualed PUSCHs in the order where the most significant bit is mapped to the first scheudled PUSCH and the least significant bit is mapped to the last scheudable PUSCH.
-	HARQ process number – 4 bits
-	The indicated 4 bits determine a HARQ process number  corresponding to the scheduled PUSCH if the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1; otherwise the HARQ process number of th schedualed PUSCH is detemrined by  where  and  is the number of schedualed PUSCHs.
*** Unchanged text is omitted ***




Proposal 2	Adopt the following TP in subclause 7.3.1.1.2, Table 7.3.1.1.2-34 of TS 38.212 to apply value 2 when a single bit RV field in DCI format 0_1 indicates “1”.
	7.3.1.1.2	Format 0_1
*** Unchanged text is omitted ***
Table 7.3.1.1.2-34: Redundancy version
	Value of the Redundancy version field
	
Value of  to be applied

	0
	0

	1
	[2 or 3]


*** Unchanged text is omitted ***




Proposal 3	If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1, a value of the FDRA field is not used for indicating that this DCI does not schedule PDSCH. Consider other means for indication of one-shot HARQ-ACK feedback only.
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