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Discussion and decision
1 Introduction
In RAN 1 #97 meeting, it was agreed to support option 4. So far, we have the following agreement related for option 4: 
Option 4: 

One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.

· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.

· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH

· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· FFS the detailed interaction with the procedure of UL/DL direction determination
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.

· FFS the detailed interaction with the procedure of UL/DL direction determination

· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.

· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.

· No DMRS sharing across multiple PUSCH repetitions

· The maximum TBS size is not increased compared to Rel-15.

· FFS: L > 14

· S+L can be larger than 14

· FFS: The bitwidth for TDRA is up to 4 bits.

· Note: different repetitions may have the same or different RV.

Agreements:

For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.

· FFS the exact signaling method

· FFS the exact DCI format(s)

· FFS the exact mechanism to enable or disable

· FFS the DCI activating type 2 configured grant PUSCH

Agreements:

For both option 4 and 6, frequency hopping is supported

· FFS details
Agreements:
In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:

· Alt 1: The time window within which valid symbols are used for transmission is L*K.

· FFS the definition of “valid symbols”

· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.

· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)

· FFS the definition of “valid symbols”

· FFS whether to define a maximum time window size and if so, details

This contribution provides some detail design for PUSCH enhancement for URLLC. 

2 Detail design for PUSCH
In RAN 1 #98 meeting, the methods on how to handle the interaction of enhanced PUSCH with DL/UL directions had been summarized. Two cases can be discussed separately for both DG PUSCH and CG PUSCH:

· Case 1: If dynamic SFI is not configured

· Case 2: If dynamic SFI is configured

If dynamic SFI is not configured, for both DG PUSCH and CG PUSCH, there are only one solution seems reasonable, which follows same principle as in Rel-15, i.e., 

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

Proposal #1:  For both dynamic grant and configured grant, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

If dynamic SFI is configured, there are two options:
· Option 1: behavior not dependent on dynamic SFI

· Option 2: the UE uses SFI to determine the symbols to transmit

Dynamic SFI is introduced to cancel semi-static transmission. At least for CG PUSCH, it is better to follow the same principle as in Rel-15. For CG PUSCH, option 1-2 can only use semi-static UL for CG PUSCH transmission. In order to achieve latency requirement, without dynamic cancelation, it requires gNB to configure more semi-static UL symbols/slots. It has more scheduling restriction and it is hard to dynamic balance UL and DL based on real time traffic. For option 1-4 for CG PUSCH, the pre-defined rule or definition of invalid symbols is not clear. It may result in similar as semi-static configuration with additional signaling.  

For option 2, for the case that SFI is configured but not received, same behavior as in Rel-15 can be followed, that it, a repetition is not transmitted if it conflicts with a semi-static flexible symbol.  In case SFI is configured and received, there are two options left:
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols

· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and (note: PUSCH is already segmented for semi-static DL ) a dynamic DL/flexible symbol

With the modification of option 2-4, both solutions can work. Option 2-1 gives UE more chances for UL transmission, which can have better decoding or latency performance (depending on the definition of K and L). Option 2-4 in general follows same principle as Rel-15. And this solution is simpler since UE doesn’t need to prepare for potential change based on dynamic SFI. Compared with option 2-1 and option 2-4, option 2-4 is slightly preferred over option 2-1.
The way to handling the first PUSCH transmission of type 2 CG can follow the same principle as in Rel-15. 

Proposal #2:  For configured grant (other than the first PUSCH after Type 2 CG activation DCI), 
· If dynamic SFI is configured but not received, a repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· If dynamic SFI is configured and received, a repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
For dynamic grant, in Rel-15 UE does not expect conflict between dynamic SFI and dynamic grant. However, in order to provide some chance for other UL transmission from same or other UEs, e.g., SRS, UCI, it is better to create some gaps. In this case, dynamic SFI can be used. But since it is group common DCI, it may have some restriction on configuration to achieve the purpose. Comparing solutions of option 2, dynamic flexible symbols shall be able to be used for dynamic PUSCH if following Rel-15’s principle. Otherwise, latency of PUSCH will be increased due to less symbols available for UL transmission. Within four solutions, option 2-2 (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols) provides shortest latency and option 2-3 doesn’t have additional segmentation. 

On the other hand, the reliability of dynamic SFI is questioned. Option 1 (not depending on dynamic SFI) can overcome the potential reliability issue for dynamic SFI. And Option 1-3 is able to create some gaps within UL repetition for other UL transmission. 
Proposal #3:  For dynamic grant and the first PUSCH after Type 2 CG activation DCI, down select between:
· Option 1-3; or 
· Option 2:
· If dynamic SFI is configured but not received, a repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· If dynamic SFI is configured and received, Option 2-2 or 2-3.  
In case of a repetition not being transmitted (as in the above bullets), a repetition should be a repetition after segmentation due to semi-static DL symbol(s)/slot boundary  to reduce latency. 

Proposal #4: In case of a repetition not being transmitted, a repetition should be a repetition after segmentation.
In terms of how to interpret L and K for all PUSCH transmissions, two options are listed:

· Alt 1: The time window within which valid symbols are used for transmission is L*K.

· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.

For dynamic grant, there is no essential different between the two alternatives since gNB knows the UL/DL configuration and is able to choose a proper combination of L and K. For configured grant, Alt 2 can provide a better reliability but it may extend to next transmission occasion. In addition, DMRS alignment may not be easy for Alt 2. Trade-off the benefit and complexity, Alt 1 is slightly preferred.  The definition of valid UL symbols can follow the principle of handling of UL/DL direction. 
With any solution to handling UL/DL direction issue, there is no need to support L >14. K repetition can be used together with L to provide a proper scheduling of PUSCH to avoid unnecessary segmentation.  In this case, L*K present the total number of actual symbols of UL transmission, with potential cancellation of some repetitions by SFI.
Proposal #5: The time window within which valid symbols are used for transmission is L*K and L<=14. 

In order to support S+L > 14, some modification of SLIV is necessary.  The existing SLIV table for the case S+L <=14 shall be resued to avoid unnecessary change at UE side.  The unused states can be used to indicate the cases S+L >14. In this case, one additional bit is needed. 
Proposal #6:  SLIV calculation is based on the following equation with 1 more bit in DCI: 
· If L+S≤ 14, then

· if（L -1）≤ 7

· SLIV =14*(L-1) +S，

· else
· SLIV = 14*（7-L+1）+（7-1-S）

· If L+S>14, then
· if（L -1）≤ 7

· SLIV= 14*（14-L+1）+（14-1-S）

· else
· SLIV=14*（L-1）+S

In order to reduce latency, Type B DMRS shall be supported. In each actual repetition, DMRS is transmitted on the first symbol. In case of additional DMRS, the symbol location can be determinated by “nominal” repetition, i.e., the symbol length L indicated by TDRA field.  Alternatively, the symbol location for additional DMRS can be determinated based on actual symbol length in each repetition. For example in Figure 1, UE is configured with S = 1 and L = 8 with an additional DMRS. According to Rel-15, the additional DMRS shall be transmitted in the 7th symbol. However, due to slot boundary, the second repetition only has 5 symbols. If the time domain location is determinated based on actual symbol length, the additional DMRS shall be transmitted at the 5th symbol of the second repetition. However, it the location of additional DMRS is determinated based on allocated symbol number, the additional DMRS shall not be transmitted. In order to ensure the reliability with a proper DMRS density, the additional DMRS can be transmitted based on the actual number of repetition.

For Type A, it might be easier to align between multiple UEs. However, it is not benefit for latency. Therefore, it may be not necessary to support for PUSCH for URLLC use case. 

Proposal #7: For Type B, the first DMRS is transmitted from the first symbol of each actual repetition.  If additional DMRS is configured, the symbol location is determinated based on the actual symbol length in each repetition.     

Proposal #8: Not support Type A for PUSCH enhancement. 
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Figure 1
If a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is spitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot. However, for the special case that there is only one symbol (or two symbols for two DMRS case) in one repetition, since DMRS needs to be transmitted (Type B), there is no resource to transmit data for DFT-S-OFDMA and very limited resource for CP-OFDM.  However, for configured grant, DMRS can be used to improve detection performance. In addition, for mini-slot repetition within one slot, DMRS bundling in time domain can be further study to improve the performance. 
Proposal #9: No specially handling of orphan symbol(s). 

The TBS can be determined by the number L indicated in TDRA especially for L<=14. However, the symbols for each actual repetition might be different. If the actual number of symbols in a repetition is too small due to the segmentation, it may lead to quite high code rate with same modulation order and may not be self-decodable. It might lose the possibility of early decoding. In this case, higher modulation order can be used to reduce the code rate when the actual symbol number is small in some repetition. If the actual code rate is higher than 0.93, next higher modulation order shall be used. If the self-decidability can be ensure, RV rotation for dynamic grant and configured grant can be reused with one of {0, 2, 3, 1}, {0, 0, 0, 0}, {0, 3, 0, 3} configured by RRC. 
Proposal #10: TBS is determined based on the number of symbol L indicated in TDRA.
Proposal #11: If the actual code rate of an actual repetition is higher than [0.932], next higher modulation order is used than the one indicated by MCS. 

It was agreed to support dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. It is easier to add up to 2 bits in DCI to indicate K repetitions, although it may increase DCI payload. However, this field can be configurable as other fields in configurable DCI. On the other hand, this field can be helpful for normal PUSCH repetition case for eMBB. 

Proposal #12: Add a new field in DCI to indicate K repetition. {0, 1, 2} bits can be configurable. 

Proposal #13: Considering to support this dynamic repetition indication for regular PUSCH repetition. 

Rel-15 supports two types of frequency hopping:
· 
Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission

· 
Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission

In Rel-16 PUSCH enhancement, inter-mini-slot frequency hopping and inter-slot frequency hopping can be supported. For inter-mini-slot frequency hopping, “mini-slot” can be defined as “actual” repetition to bring sufficient frequency diversity gain, considering the symbols length L of each “nominal” repetition can be as long as 14 symbols.
On the other hand, in order to provide similar performance as intra-slot frequency hopping in Rel-15, intra-mini-slot frequency hopping can be supported. Similarly, “mini-slot” can be defined as “actual” repetition. For some cases, the symbol length in each actual repetition is quite different due to segmentation. It might be helpful to support intra-mini-slot frequency hopping if the actual symbol length is longer. As shown in Figure 2, if the actual symbol length is larger than 4 symbols as in Rel-15, intra-mini-slot frequency hopping is enabled, otherwise, inter-mini-slot frequency hopping is supported. 

Shown as Figure 2, how to do the frequency hopping needs to be further studied. For example, the determination of starting PRB location is based on the first or second part of mini-slot, or based on each block. 

Proposal #14: Support inter-mini-slot frequency hopping, inter-slot frequency hopping and intra-mini-slot frequency hopping based on the actual symbol length in each repetition.  
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Figure 2
Conclusions
In this contribution, PUSCH enhancements are discussed. Based on the analysis and observations, we proposed:
Proposal #1:  For both dynamic grant and configured grant, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
Proposal #2:  For configured grant (other than the first PUSCH after Type 2 CG activation DCI), 
· If dynamic SFI is configured but not received, a repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· If dynamic SFI is configured and received, a repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
Proposal #3:  For dynamic grant and the first PUSCH after Type 2 CG activation DCI, down select between:

· Option 1-3; or 

· Option 2:
· If dynamic SFI is configured but not received, a repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· If dynamic SFI is configured and received, Option 2-2 or 2-3.  
Proposal #4: In case of a repetition not being transmitted, a repetition should be a repetition after segmentation.
Proposal #5: The time window within which valid symbols are used for transmission is L*K and L<=14. 

Proposal #6:  SLIV calculation is based on the following equation with 1 more bit in DCI: 
· If L+S≤ 14, then

· if（L -1）≤ 7

· SLIV =14*(L-1) +S，

· else
· SLIV = 14*（7-L+1）+（7-1-S）

· If L+S>14, then
· if（L -1）≤ 7

· SLIV= 14*（14-L+1）+（14-1-S）

· else
· SLIV=14*（L-1）+S

Proposal #7: For Type B, the first DMRS is transmitted from the first symbol of each actual repetition.  If additional DMRS is configured, the symbol location is determinated based on the actual symbol length in each repetition.     

Proposal #8: Not support Type A for PUSCH enhancement. 

Proposal #9: No specially handling of orphan symbol(s). 

Proposal #10: TBS is determined based on the number of symbol L indicated in TDRA.
Proposal #11: If the actual code rate of an actual repetition is higher than [0.932], next higher modulation order is used than the one indicated by MCS. 

Proposal #12: Add a new field in DCI to indicate K repetition. {0, 1, 2} bits can be configurable. 

Proposal #13: Considering to support this dynamic repetition indication for regular PUSCH repetition. 

Proposal #14: Support inter-mini-slot frequency hopping, inter-slot frequency hopping and intra-mini-slot frequency hopping based on the actual symbol length in each repetition.  
Appendix
Conclusion:

In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH

· If dynamic SFI is not configured,

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· If dynamic SFI is configured

· Option 1: behavior not dependent on dynamic SFI

· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.

· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.

· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.

· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.

· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.

· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.

· Option 2: the UE uses SFI to determine the symbols to transmit

· In case SFI is configured and received 

· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols

· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols

· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.

· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol

· In case SFI is configured and not received

· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.

· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant

· If dynamic SFI is not configured,

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· If dynamic SFI is configured

· Option 1: behavior not dependent on dynamic SFI

· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?

· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.

· Option 1-3 from DG is not applicable for CG.

· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.

· Option 2: the UE uses SFI to determine the symbols to transmit

· In case SFI is configured and received 

· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols

· Option 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)

· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)

· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol

· In case SFI is configured and not received

· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.

· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,

· Alt 1: same behavior as DG PUSCH

· Alt 2: same behavior as CG PUSCH without an associated UL grant

· …

· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary

· FFS: whether to postpone or not, and if yes, under what condition(s)

· FFS: whether/how guard period is handled

· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.

· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.

· Other options are not precluded
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