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Discussion and decision
1 Introduction
In RAN1 #95, the following agreement was made: 
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This contribution analyzes the above solutions for PUSCH enhancement for URLLC. 
2 PUSCH enhancement  
In RAN 1 #96, it was agreed to enhance PUSCH for URLLC with at least one of three solutions:

· Solution #1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Solution #2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations

· Solution #3: N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
Solution #1 is also called as mini-slot repetition, as explained in section 4 [1] for UL configured grant. In Solution #1, two or more PUSCH repetitions can be transmitted in one slot, and/or can across multiple slots.  The key point for Solution #2 is that, these two or more PUSCH repetitions in consecutive available slots can have different starting symbols and/or durations. There is no contradiction between Solution #1 and Solution #2. On the other hand, for Solution #1, we need to define a rule for the case when number of remaining symbols in a slot is less than the number scheduled by the UL grant.  Similarly, we need to clarify on  how to support two or more PUSCH repetitions in one slot. Therefore, it is straightforward to support the combination of Solution #1 and Solution #2. 
Figure 1 provides an illustration of a combination of two solutions. For Figure 1, one UL grant schedule a PUSCH transmission starting from symbol #1 in Slot n with the duration of 5 symbols for one repetition, and the repetition is 4. With combination of Solution #1 and Solution #2, there are three repetitions in Slot n and the fourth repetition is transmitted in Slot n+1. Different from NR Rel-15, the starting symbols of each repetition are different in two slots. The starting symbol of the fourth repetition is Symbol #0 in Slot n+1, which is different from the first repetition. On the other hand, since the remaining symbols for third repetition in Slot n is less than the scheduled number of one repetition, only three symbols of the third repetition are transmitted in Slot n in order to not across the slot boundary for one PUSCH repetition.  
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Figure 1
Solution #3 is different from the other two solutions, which requires more DCIs to schedule repetitions (belongs to one HARQ process) across the slot boundary. If the total duration of PUSCH repetitions are more than two slots, and the starting symbols and/or the transmission durations are different, at least two DCIs are needed. On the other hand, in order to support different number of symbols in each PUSCH transmission belongs to the same HARQ process, it might also require gNB either change MCS or the number of allocated PRBs. Although it may not increase the implemtation complexity, it might lose the possibility of coherent combine of multiple repetitions. On the other hand, this solution is not easy to be used for configured grant. Therefore, based on the above analysis, support the combination of Solution #1 and Solution #2 is more reasonable. 
Proposal #1: Support the combination of Solution #1 and Solution #2, i.e., support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations. 
For the above solutions, it needs to be defined on how to handle the case when the remaining symbols in a slot are less than the number of scheduled symbols for a repetition. There are several methods, for example:

In the example of Figure 1, only three out of five symbols for the third repetition are transmitted in Slot n and the fourth repetition starts from the first available symbols in next available slot. The actual transmission duration may be less than the scheduled the duration. However, as long as the rule is pre-defined, gNB is able to consider the actual transmission duration when determinates the UL grant to UE.
Another alternative is to segment the repetition into two parts, where the first part is transmitted in the current slot and second part is transmitted in the next available slot and the total symbols of the two parts are equal to the scheduled symbol number. This method can guarantee the latency and reliability (same transmission time as scheduled), however, the mapping principle needs to be defined for the two parts, e.g., how to do rate matching and how to transmit DMRS for the two parts. 

In addition, for the above two methods, how to handle the case when there is only one remaining symbol in the current slot and/or one symbol for the next available slot for second method needs to be further study, especially for DFT-S-OFDMA.  

Another example is that, if the remaining symbols in a slot is less than the symbols for one repetition, the how repetition can be postponed to next available slot. However, it will increase the total duration to finish the all the repetitions and increase the total latency. Therefore, this method may not be preferred.
Proposal #2: Strive to support the consecutive transmission when the remaining symbols in one slot are less than the scheduled symbols for one transmission. Further study on the details.
3 Mini-slot Repetition with SFI
In Rel-15 NR, since only one repetition is allowed in one slot, PUSCH is only transmitted on the slot if semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PUSCH assigned symbols. If mini-slot repetition is supported, if there is direction confliction with semi-static direction, the corresponding mini-slot transmission/repetition can be either postponed or cancelled. In order to ensure K repetition, postpone may be more preferred for URLLC traffic.
As discussed in Section 2, PUSCH repetitions transmit on consecutive available slots. The available slots shall have at least one set of consecutive symbols is able to transmit one PUSCH transmission/repetition as scheduled. 
Proposal #3:  The available slot is defined as the slot that has at least one set of consecutive symbols for one PUSCH transmission/repetition. 
4 Frequency hopping for Mini-slot 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 mini-slot level repetition, there are several methods to support frequency hopping:
· Option 1: mini-slot based frequency hopping.

· Shown as Option 1 in Figure 2, frequency hopping is implemented with a granularity of mini-slot. 
· Option 2: modified intra-slot frequency hopping: 
· Shown as Option 2 in Figure 2, the first hop is  [image: image4.png]IN& mbor
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 is number of symbols for all mini-slot repetitions within a slot, the second hop is the rest of symbols in one slot.  
· This method depends on the method of repetition, e.g., if one repetition can cross the boundary of a slot, or if the leftover symbols in a slot can be used for transmission.  If any of the above two cases are supported, new DMRS mapping method needs to be revisited since it may cause different segmentation of one repetition. 
· Option 3: modified inter-slot frequency hopping: 
· The repetitions in odd slot are the first hop and the repetitions in even are the second hop. 
· This method may cause imbalance in each hop depending on the  number of mini-slot repetitions in each slot,
For the above three options, option 1 is the most straightforward one, which requires less specification change and implementation change.  In addition, for frequency hopping for mini-slot level repetition, two hops are expected to provide sufficient diversity gain and the starting RB for each hop as in Rel-15 can be reused. 
Proposal #4: For mini-slot level repetition, consider to support mini-slot based frequency hopping with two hops as a baseline. 
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Figure 2
5 Conclusions
In this contribution, PUSCH enhancements are discussed. We propose the following proposals:
Proposal #1: Support the combination of Solution #1 and Solution #2, i.e., support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations. 
Proposal #2: Strive to support the consecutive transmission when the remaining symbols in one slot are less than the scheduled symbols for one transmission. Further study on the details.

Proposal #3:  The available slot is defined as the slot that has at least one set of consecutive symbols for one PUSCH transmission/repetition. 
Proposal #4: For mini-slot level repetition, consider to support mini-slot based frequency hopping with two hops as a baseline. 
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Agreements:


Support at least one of the following for one TB:


One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots


One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations


N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.


FFS the definition of available slots
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