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Discussion and decision
1 Introduction
In RAN 1 #96bis meeting, the following agreements were agreed:

Agreements:

· Option 5 is not considered further as part of PUSCH enhancements.

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 option 6,

· For dynamic PUSCH

· For semi-static DL symbol(s), to down-select

· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).

· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.

· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).

· Note: this is the same as Rel-15 behavior.

· For configured grant PUSCH,

· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,

· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 

· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 

· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.

Agreements:

· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.

Agreements:

For both option 4 and 6, frequency hopping is supported

· FFS details

This contribution analyzes the option 1 and options 2 for PUSCH enhancement for URLLC. 

2 Detail design for Option 4
Option 4 was treated as a merged solution of option 1 and option 2. Mini-slot repetition is more suitable for configured grant, which is easy to align the DMRS. It is also helpful when gNB want to schedule a dynamic grant on the same resource.  Option 2 can avoid unnecessary segmentation, which can provide a better performance with lower code rate and less DMRS overhead. In original Option 4, one “nominal” repetition is segmented into multiple by slot boundary and/or UL/DL switching point. In order to avoid unnecessary segmentation if starting from late part of a slot, one way is configured the number of symbol L larger than 14, e.g., to 28.  Another simple way is introduce an RRC signaling to switch between two options.  More specifically, introduce 1 bit in DCI to switch between the following two options:
· Option 1’: use symbol length L to determinate the symbol number for one repetition and repetition number K to determinate the number of “nominal” repetition(s)

· Option 2’: use symbol length L and repetition K to determinate total transmission length and then segment into multiple repetitions based on the slot boundary and/or UL/DL switching point.
Using RRC signaling may avoid new design of SLIV for the case of L >14. 

 Proposal #1: Introduce an RRC signaling to switch between Option 1’ and Option 2’.
At least for mini-slot repetition, S+L > 14 is benefit to avoid unnecessary repetition (L is too small due to S is larger). On the other hand, we shall strive to reuse existing SLIV table for the case S+L <=14. The unused states can be used to indicate the case S+L >14. For example, 

· 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 #2: S+L >14 is allowed and calculation is based on the above equations. 
In order to reduce latency, at least 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 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 DMRS Type A, it can 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 #3: At least 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 #4: Further study if DMRS Type A is support for PUSCH enhancement. 
Note: Proposal #3 and #4 can also apply to option 6.
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Figure 1
For Option 4, 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 #5: No specially handling of orphan symbol(s). 

The TBS can be determined by the number L indicated in TDRA. With current specification, the number of REs in each PRB is limited by 156 even when L >14. However, the symbols for each real repetition might be different. If the actual number of symbol 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. However, it may have impact on UE power control due to different back off for different modulation. 
Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA. Further study on the determination of modulation scheme in each repetition. 
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 #7: Add a new field in DCI to indicate K repetition. {0, 1, 2} bits can be configurable. 

Proposal #8: 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

For option 4, inter-mini-slot frequency hopping and inter-slot frequency hopping can be supported. However, 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 a certain value, intra-mini-slot frequency hopping is enabled, otherwise, inter-mini-slot frequency hopping is supported. Compared with Rel-15 intra-slot frequency hopping, it can avoid unnecessary segmentation due to frequency hopping but provide enough diversity gain. 

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 #9: For option 4,  support inter-mini-slot frequency hopping, inter-slot frequency hopping and hybrid frequency hopping based on the actual symbol number in each repetition.  
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Figure 2
In Rel-15 NR, PUSCH can only transmitted on the slot if semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PUSCH assigned symbols. As long as there is one symbol collided with the semi-static direction, the PUSCH transmission in that slot is cancelled. Moreover, dynamic SFI can cancel the transmission of UL configured grant (except the first transmission for Type 2 configured grant). 

In Rel-16 PUSCH transmission, it was agreed to enable one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots. Therefore, there is no need to cancel the transmission of the whole slot. If there is direction confliction with semi-static direction, the corresponding one repetition/or the symbols can be either postponed or cancelled. For dynamic grant, it doesn’t matter since gNB can choose a proper TDRA to ensure the transmission length. For configured grant, compared with dropping symbols, postponing may lead the transmission go across the periodicity boundary. Similar as dynamic grant, in order to ensure the reliability even with DL symbols, gNB might need to schedule sufficient symbols length for configured grant too.
Proposal #10:  L * K indicate the allocated number of symbols. 

Proposal #11: Drop the symbol(s) and split into multiple repetitions if confliction with semi-static direction for both CG and DG. 

For dynamic SFI indicate DL, for configured grant, the repetition can be cancelled in order to not break the DMRS alignment with other UEs. For dynamic grant, it is not expected to collision with dynamic SFI.

For dynamic SFI indicate the symbol as flexible, similar as indicate to DL, the repetition can be cancelled for configured grant. And PUSCH scheduled for dynamic grant, it can be transmitted on flexible symbols indicated by dynamic SFI. 
Proposal #12: For dynamic SFI indicate DL or flexible, for configured grant, drop the repetition.

Proposal #13: For dynamic grant, it is not expected to be collided with dynamic SFI indicate symbol as DL. .

3 Comparison of Option 4 and 6

For Option 4, it can provide more flexible switching between option 1 and option 2, especially if relying on RRC signaling other than enlarging L to avoid unnecessary segmentations. 
Observations #1: Option 4 provides more flexibility for switching between Option 1 and Option 2.

Option 6 indicates each repetition by multiple SLIVs and K2(s), respectively. It seems to be very flexible. However, gNB need carefully create a TDRA list to cover all the potential cases, for example, different DL/UL switching point or SRS configurations with some periodicity. There are two options for handling the potential collision to semi-static DL symbol(s), either not expected or drop the repetition. If the repetition is dropped, the latency might be enlarged if the length of that repetition is longer than DL symbols. If it is not expected to have conflict, the TDRA table shall be flexible enough to avoid the case.  

Observations #2: For both options, it is difficult for option 6 to handle the potential conflict with semi-static DL symbol(s) for dynamic grant.  
For configured grant, it was agreed to drop the repetition if collision with semi-static DL symbol(s). However, if the symbols in the repetition are longer than the DL symbol(s), the reliability cannot be ensured. 

Observations #3: For configured grant, it is difficult for option 6 ensure the reliability.    
Based on the above observation, we propose to support option 4 for PUSCH enhancement for eURLLC. 
Proposal #14: Support Option 4 with the detail in section 2 for PUSCH enhancement for eURLLC.
Conclusions
In this contribution, PUSCH enhancements are discussed. Based on the analysis and observations, we proposed:
Proposal #1: Introduce an RRC signaling to switch between Option 1’ and Option 2’.
Proposal #2: S+L >14 is allowed and calculation is based on the above equations. 
Proposal #3: At least 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 #4: Further study if DMRS Type A is support for PUSCH enhancement. 

Proposal #5: No specially handling of orphan symbol(s). 

Proposal #6: TBS is determined based on the number of symbol L indicated in TDRA. Further study on the determination of modulation scheme in each repetition. 

Proposal #7: Add a new field in DCI to indicate K repetition. {0, 1, 2} bits can be configurable. 

Proposal #8: Considering to support this dynamic repetition indication for regular PUSCH repetition. 

Proposal #9: For option 4,  support inter-mini-slot frequency hopping, inter-slot frequency hopping and hybrid frequency hopping based on the actual symbol number in each repetition.  
Proposal #10:  L * K indicate the allocated number of symbols. 

Proposal #11: Drop the symbol(s) and split into multiple repetitions if confliction with semi-static direction for both CG and DG. 

Proposal #12: For dynamic SFI indicate DL or flexible, for configured grant, drop the repetition.

Proposal #13: For dynamic grant, it is not expected to be collided with dynamic SFI indicate symbol as DL. .

Proposal #14: Support Option 4 with the detail in section 2 for PUSCH enhancement for eURLLC.
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