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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. 
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: _Toc32599466]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. Instead, we have the following proposal. The text proposal for TS 38.212 is also provided below.
1. [bookmark: _Toc32599481]When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0  or RV 2.

	[bookmark: _GoBack]------------------ 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 7.3.1.1.3-2;
-	2 bits according to Table 7.3.1.1.1-2. 
Table 7.3.1.1.3-2: Redundancy version
	Value of the Redundancy version field
	Value of  to be applied

	0
	0

	1
	2



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



2.1	Frequency hopping
In RAN1#99[1] the following agreement was made:
	Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH



For PUSCH repetition type B with short PUSCH duration, it is beneficial to support inter-repetition frequency hopping. In this case intra-repetition frequency hopping causes additional DMRS overhead with small diversity gain. However, hopping between every adjacent repetition is not beneficial for very short PUSCH repetition (aka, mini-slot repetition). We propose to group the nominal repetitions in a slot into two groups and hop at the group boundary. This is illustrated by comparing two examples shown in Figure 2  and Figure 3, respectively. The two examples provide the same frequency diversity. However, compared to the non-grouped inter-repetition FH, the grouped hopping (Figure 3) simplifies scheduling of other UEs, and allows for better channel estimation accuracy by allowing the joint processing of DMRS that are close together in time.
[image: ]
[bookmark: _Ref7812834]Figure 2: Inter-repetition hopping for mini-slot repetition.
[image: ]
[bookmark: _Ref21351539]Figure 3: Grouped inter-repetition hopping for mini-slot repetition.
1. [bookmark: _Toc32599482]Support grouped inter-repetition hopping, with nominal repetitions divided into two equal-sized groups (as much as possible) per slot, where the hopping rule is based on Rel. 15 intra-slot frequency hopping.
1. [bookmark: _Toc32599483]Adopt the following text proposal for 38.214 Section 6.3.2

	------------------ Text Proposal for 38.214 Section 6.3.2 ------------------
In case of inter-repetition frequency hopping, [details to be added when agreements become available]. for a slot occupied by the PUSCH transmission, the number of nominal repetitions in the first hop is given by , the number of nominal repetitions in the second hop is given by , where  is the number of nominal repetitions that start in the slot.




We also note that starting RB and RB offset need to be agreed for inter-repetition frequency hopping. The same mechanism can be reused from Rel-15.
1. [bookmark: _Toc32599484]Use the same mechanism of starting RB and RB offset for inter-repetition frequency hopping as in Rel-15. 
When PUSCH repetition type B is configured, the number of repetitions is signaled in the TDRA table. If the gNB wants to schedule a single PUSCH without repetition as in Rel. 15 it does this by signaling an entry with numberofrepetitions = 1. If neither intra-repetition frequency hopping nor intra-slot frequency hopping is standardized it means that the gNB will not be able to schedule a single PUSCH residing in a slot (without repetition) using frequency hopping. This leads to a loss of existing scheduling functionalities for Rel. 16 PUSCH, as compared to Rel. 15 scheduling, when PUSCH repetition Type B is enabled.
[bookmark: _Toc32599467]Without intra-repetition or intra-slot frequency hopping, frequency hopping of a single PUSCH transmission is not supported when using PUSCH repetition type B.
To solve this we propose to enable intra-repetition frequency hopping for PUSCH repetition type B, at least when numberofrepetitions = 1.
1. [bookmark: _Toc24154301][bookmark: _Toc32599485]Support intra-repetition frequency hopping, at least when numberofrepetitions = 1, where the hopping rule is based on the Rel. 15 rules for intra-slot frequency hopping.
2.2	Number of repetitions
The following agreements were made in RAN1#99[1]:
	Agreements:
For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, [3], 4, [6], 7, [8], 12, 16} are supported.
· FFS whether to have a limit on the number of nominal repetitions in a slot

Agreements:
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, 
· If one and only one of DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B, the TDRA table corresponding to the DCI format (0_1 or 0_2) configured with PUSCH repetition type B is used. 
· If both 0_1 and 0_2 are configured with PUSCH repetition type B, the TDRA table corresponding to DCI format 0_1 is used.
· Note: For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, the case of none of the DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B is an error case
· For the initial Type 1 CG PUSCH transmission, if it is configured with PUSCH repetition type A, use the TDRA table for USS in Rel-15.
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition, the number of repetitions is provided via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
· FFS the value range of repK is extended for R16 repetition type A and/or type B



We note that the value 8 is a possible aggregation factor in Rel. 15. In order not to lose functionality as compared to Rel. 15, 8 should be a possible value to configure. When choosing whether to include 3 or 6 as the last value, we note that for latency critical operation the scheduler is more likely to need additional flexibility when scheduling a small number of repetitions. Thus, the value 3 should be included.
[bookmark: _Toc32599486]Support the values {1, 2, 3, 4, 7, 8, 12, 16} for numberofrepetitions.
There is an FFS whether to introduce a limit on the nominal number of repetitions in a slot. We note that the value 7 in the range supports repeating a 2 OFDM symbol PUSCH seven times to fit into one slot. The gNB is unlikely to schedule the UE with more repetitions than 7, so an explicit limit is not needed.
[bookmark: _Toc32599487]Do not explicitly limit the number of nominal repetitions in a slot.
One benefit of introducing the value 16 to the range of values is to allow for enough repetitions for DL heavy TDD configurations, as seen in Figure 4. This benefit is also valuable when the number of repetitions is indicated by the RRC parameter repK for uplink configured grant. When increasing the value range of repK to include 16, there is room for additional values as well. We therefore propose the following:
[bookmark: _Toc32599488]Support the same set of values for repK as for numberofrepetitions.
[image: ]
[bookmark: _Ref32594928]Figure 4: The impact of TDD pattern on actual number of repetitions.
2.2	Range of values for S and L for PUSCH repetition type B
The following agreement was made in RAN1#99[1]:
	Agreements:
For how to indicate S and L in the TDRA table for PUSCH repetition type B, S and L are separately indicated (4-bit for S and 4-bit for L).
· S is from 0 and [13], L is from [1] to 14.
· Note: The additional restrictions for a particular waveform and/or DMRS mapping type from R15 are still applicable




S = 13 and L = 1 is already supported for PUSCH in Rel. 15. Therefore there is no reason to restrict these values for PUSCH repetition Type B, especially since the gNB should be able to signal numberofrepetitions = 1 together with a set of values of S and L as in Rel. 15 and be able to get the similar behavior as in Rel. 15.
[bookmark: _Toc32599489]S is from 0 to 13, L is from 1 to 14.
2.2	Semi-statically configured invalid symbols for CG PUSCH with PUSCH repetition type B
The following agreements were made in RAN1#99[1]:
	Agreement (RRC impact)
For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
· If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If the first RRC parameter is configured and the additional bit exists in a DCI, 
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.
Note: Qualcomm has concerns over the above feature in terms of UE complexity. Majority of companies do not see this issue.

Agreement
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)
Note that the cancellation behavior is the same as Rel-15, including Rel-15 cancellation timeline



In 38.214, the name for the RRC parameter that provides the pattern is InvalidSymbolPattern, and the existence of the additional bit in DCI (0_1 or 0_2) depends on either InvalidSymbolPatternIndicator-ForDCIFormat0_1, or InvalidSymbolPatternIndicator-ForDCIFormat0_2.
For configured grant Type 1 and Type 2, similar rules as that of dynamic PUSCH can be used to handle semi-statically configured invalid symbols.
For configured grant Type 2 we propose that segmentation is determined based on the RRC configured pattern and the additional DCI bit (“Invalid symbol pattern indicator”), if present, and dynamic SFI. These parameters together determine the segmentation of a nominal repetition, and whether an actual repetition is transmitted or not. 
For configured grant Type 1 we propose to introduce an additional RRC parameter, e.g., “InvalidSymbolPatternIndicator”, to reflect the functionality of DCI field “Invalid symbol pattern indicator”, which determines whether to segment around the invalid symbols determined by the pattern. 
[bookmark: _Toc32599490]For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is not configured, segmentation occurs around semi-static DL symbols, which results in actual repetitions.
[bookmark: _Toc32599491]For CG PUSCH Type 2 with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is configured and the field “Invalid symbol pattern indicator” exists in the activation DCI, and is set to 0, segmentation occurs around semi-static DL symbols, which results in actual repetitions.
[bookmark: _Toc32599492]For CG PUSCH Type 2 with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is configured and the field “Invalid symbol pattern indicator” exists in the activation DCI, and is set to 1, segmentation occurs around semi-static DL symbols and symbols indicated as invalid, which results in actual repetitions.
[bookmark: _Toc32599493]For CG PUSCH Type 2 with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is configured and the field “Invalid symbol pattern indicator” does not exist in the activation DCI, segmentation occurs around semi-static DL symbols and symbols indicated as invalid, which results in actual repetitions.
[bookmark: _Toc32599494]For CG PUSCH Type 1 with PUSCH repetition type B, introduce a new RRC parameter (e.g., “InvalidSymbolPatternIndicator”) to indicate whether to apply the invalid symbol pattern or not. If dynamic SFI is configured, and InvalidSymbolPattern is configured and the new RRC parameter is set to 1, segmentation occurs around semi-static DL symbols and symbols indicated as invalid, which results in actual repetitions. Otherwise segmentation occurs around semi-static DL symbols.
2.2	Restriction of PUSCH repetition Type B to one DCI format
The following agreement was made in RAN1#98[2]:
	Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.



We foresee use cases where the UE is configured with both DCI format 0_1 and 0_2 simultaneously, and the choice of which DCI format to use is based on e.g. channel conditions. Therefore we see a need to enable PUSCH repetition Type B for both formats.
[bookmark: _Toc32599495]Do not restrict the use of PUSCH Repetition Type B to either DCI format 0_1 or 0_2.
Conclusion
In the previous sections we made the following observations: 
Observation 1	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 2	Without intra-repetition or intra-slot frequency hopping, frequency hopping of a single PUSCH transmission is not supported when using PUSCH repetition type B.

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	Support grouped inter-repetition hopping, with nominal repetitions divided into two equal-sized groups (as much as possible) per slot, where the hopping rule is based on Rel. 15 intra-slot frequency hopping.
Proposal 3	Adopt the following text proposal for 38.214 Section 6.3.2
Proposal 4	Use the same mechanism of starting RB and RB offset for inter-repetition frequency hopping as in Rel-15.
Proposal 5	Support intra-repetition frequency hopping, at least when numberofrepetitions = 1, where the hopping rule is based on the Rel. 15 rules for intra-slot frequency hopping.
Proposal 6	Support the values {1, 2, 3, 4, 7, 8, 12, 16} for numberofrepetitions.
Proposal 7	Do not explicitly limit the number of nominal repetitions in a slot.
Proposal 8	Support the same set of values for repK as for numberofrepetitions.
Proposal 9	S is from 0 to 13, L is from 1 to 14.
Proposal 10	For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is not configured, segmentation occurs around semi-static DL symbols, which results in actual repetitions.
Proposal 11	For CG PUSCH Type 2 with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is configured and the field “Invalid symbol pattern indicator” exists in the activation DCI, and is set to 0, segmentation occurs around semi-static DL symbols, which results in actual repetitions.
Proposal 12	For CG PUSCH Type 2 with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is configured and the field “Invalid symbol pattern indicator” exists in the activation DCI, and is set to 1, segmentation occurs around semi-static DL symbols and symbols indicated as invalid, which results in actual repetitions.
Proposal 13	For CG PUSCH Type 2 with PUSCH repetition type B, if dynamic SFI is configured, and InvalidSymbolPattern is configured and the field “Invalid symbol pattern indicator” does not exist in the activation DCI, segmentation occurs around semi-static DL symbols and symbols indicated as invalid, which results in actual repetitions.
Proposal 14	For CG PUSCH Type 1 with PUSCH repetition type B, introduce a new RRC parameter (e.g., “InvalidSymbolPatternIndicator”) to indicate whether to apply the invalid symbol pattern or not. If dynamic SFI is configured, and InvalidSymbolPattern is configured and the new RRC parameter is set to 1, segmentation occurs around semi-static DL symbols and symbols indicated as invalid, which results in actual repetitions. Otherwise segmentation occurs around semi-static DL symbols.
Proposal 15	Do not restrict the use of PUSCH Repetition Type B to either DCI format 0_1 or 0_2.
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