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Introduction
In the RAN1#97 meeting,  Option 4 was agreed after several meetings discussion[1~3]. The agreements related to Option 4 are attached below.
Agreements:
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. 
· 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 both option 4 and 6, frequency hopping is supported
· FFS details
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:
· Adopt option 4 with the following update:
· 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
In this contribution, we mainly discuss the further details for option 4.
Interaction with DL/UL directions
· DG PUSCH repetition
·  Conflict with semi-static DL symbols
In Rel-15, if a PUSCH repetition conflicts with semi-static DL symbols, the repetition is not transmitted. However, it seems it will either cause latency if we postpone the repetition or reduce reliability if there is no sufficient repetitions transmitted. Since gNB and UE always know the position of the semi-static DL symbols, this kind of conflicts are under control. The UE can do rate matching on the remaining valid UL/flexible symbols, and it will not cause ambiguity between gNB and UE. Thus, it is better to regard these semi-static DL symbols as invalid symbols for mapping and do rate matching on the remaining valid UL/flexible symbols.
·  Conflict with SFI-indicated DL symbols
Given the SFI may be transmitted after the PUSCH scheduling DCI and the UE may miss the detection of SFI, there would be ambiguity between gNB and UE if UE behavior is based on the indication of SFI. So we prefer to reuse Rel-15 behavior, i.e., the UE is not expected that the DG PUSCH has conflicts with SFI-indicated DL symbols. 
Proposal 1: For CG PUSCH repetition,
· it is not valid for mapping if a repetition conflicts with semi-static DL symbols,
· it is not expected the DG PUSCH repetition conflicts with the SFI-indicated DL symbols.

· Configured grant PUSCH repetition, 
·  Conflict with semi-static DL symbols
Based on the same reasons as for DG PUSCH repetition, it is preferred that the UE can regard these semi-static DL symbols as invalid symbols for mapping and do rate matching on the remaining valid UL symbols.
· Conflict with SFI-indicated DL symbols
In our views, Rel-15 behavior can be reused, i.e., if a CG PUSCH repetition conflicts with SFI-indicated DL symbols, the repetition is not transmitted.
· Conflict with SFI-indicated flexible symbols
Similarly, Rel-15 behavior can be reused, i.e., if a CG PUSCH repetition conflicts with SFI-indicated DL symbols, the repetition is not transmitted.
Proposal 2: For CG PUSCH repetition, 
· it is not valid for mapping when a repetition conflicts with semi-static DL symbols  
· the PUSCH repetition is not transmitted when a repetition conflicts with SFI-indicated DL/flexible symbols  
Definition of L and K
Based on the offline summary in RAN1#97 meeting[4], there are two alternatives for the meaning of L and K for PUSCH repetition:
· Alt 1: L*K represents the nominal number of symbols, i.e. the time window within which valid UL symbols are used for transmission
· Alt 2: L*K represents the total number of actual symbols for UL transmission (i.e. postpone in case of DL slots/symbols)
Before comparing the two alternatives, one issue for Alt 1 is that the total number of the nominal number of symbols has been clarified by L*K, while the number of symbols for each nominal repetition is not clear. In our understanding, there are two interpretations regarding to the definition of “nominal” repetition. The first interpretation is that the length of the “nominal” repetition includes the semi-static DL symbols. An example is shown in Figure 1. Another interpretation is that the length of the “nominal” repetition doesn’t include the semi-static DL symbols. An example is shown in Figure 2. As it can be observed in Figure 1 and Figure 2, the “nominal” repetitions are split into more actual repetitions based on the second interpretation compared to the first one, i.e., causing more DMRS overhead. Thus, the first interpretation, i.e., the length of “nominal” repetition includes the semi-static DL symbols, is preferred.


Figure 1 The length of the “nominal” repetition includes the semi-static DL symbols



Figure 2 The length of the “nominal” repetition doesn’t include the semi-static DL symbols.

Proposal 3: The length of “nominal” repetition for Alt 1 includes the semi-static DL symbols.
DG PUSCH repetition
For DG PUSCH repetition, it is not expected that the PUSCH conflicts with SFI-indicated DL symbols as discussed in Section 2. That means gNB can fully predict how many/which symbols can be used for dynamic PUSCH transmission at the moment of transmitting the scheduling DCI. Alt 1 and Alt 2 are just two different implementation ways to achieve the same results. Thus, we don’t see much difference between these two alternatives for DG PUSCH repetition. 
Observation 1: The is no big difference between the two alternatives for DG PUSCH repetition. 

CG PUSCH repetitions
 For CG PUSCH repetition, the UE cannot transmit PUSCH on the SFI-indicated DL/flexible symbols. Thus, gNB cannot fully predict how many/which symbols can be used when configuring the CG PUSCH. For Alt1, gNB has to blindly configure a larger K*L value to ensure the reliability because some of the configured symbols may not be valid if they conflict with SFI-indicated DL/flexible symbols. However, it turns to be over-configured, i.e., resource inefficient, if there is no conflicts. For Alt2, gNB can always configure an actual number of symbols for transmission. Thus, the reliability can be guaranteed. However, the latency may exceed the target requirement due to possible postponement of the transmission when there is a conflict. But the latency issue for Alt2 can be solved by a predefined/indicated time window, which limits the UE cannot further postpone its transmission out of the window.
Based on above, we think Alt 2 with introducing a time window is more appropriate. 
Proposal 4: For CG PUSCH repetition，adopt Alt 2 with introducing a time window.
·  The UE cannot postpone its transmission out of the window
Handling of ‘orphan’ symbol
For PUSCH repetition, if a “nominal” repetition goes across the slot boundary, this “nominal” repetition is automatically split into multiple PUSCH repetitions. But the implicit splitting procedure could cause orphan symbols, e.g., the duration of repetition#3 is too small due to splitting as shown in Figure 3. In this case, gNB may avoid the orphan symbol by either postpone the transmission or changing the duration of a “nominal” repetition. However, it would either introduce additional latency or restrict the gNB scheduling which becomes more complicated for configured grant PUSCH. 


Figure 3. An example of orphan symbol for PUSCH repetition
[bookmark: OLE_LINK4]Firstly, we need to clarify the definition of orphan symbols. For example, when the duration of the repetition is too small(e.g., smaller than a predefined threshold) or when the coding rate of the repetition is too high(e.g., larger than a predefined threshold), the symbols in this repetition are orphan symbols. Then, the UE behavior on handling of orphan symbols needs to be defined. One simple way is to transmit nothing on these orphan symbols. 
Proposal 5: When the duration of a repetition is too small or when the coding rate of a repetition is too high, a UE transmits nothing in this repetition. 
Dynamic indication of repetition number
As agreed in RAN1#96bis meeting, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. There could be two possible solutions for the dynamic indication:
· [bookmark: OLE_LINK3]Solution 1: Using an independent DCI field indicating a value from a set of repetition numbers configured by RRC 
· Solution 2: A joint design of repetition number with other DCI fields, e.g., TDRA field. 
Assuming the same cost of DCI bits, there is no difference between two options in terms of flexibility. But joint design with TDRA field may need more potential specification effort. For instance, whether just add one column for repetition number or some implicit rules or possible joint coding etc. So, we prefer solution 1 for simplicity.
For type 1 configured grant PUSCH, it can reuse the semi-static indication of the nominal number of repetitions of Rel-15.
Proposal 6: For dynamic indication of repetition number, 
·  using an independent DCI field indicating a value from a set of repetition numbers configured by RRC for dynamic indication. 
· using the semi-static indication of the nominal number of repetitions for type 1 configured grant PUSCH.
DMRS determiniation in case of segmentation
As shown in Figure 4, front-loaded DMRS and additional DMRS are configured for each nominal repetition, and the nominal repetition #2 is split into actual repetition#2 and actual repetition#3. How to determine DMRS location for the two segmented repetitions needs to be considered. If the DMRS configuration is based on the duration of the nominal repetition, we can see that actual repetition#3 has no DMRS. So, it is better to configure DMRS location according to the duration of actual repetition. That is the DMRS configuration of actual repetition#2 and actual repetition#3 is based on their actual duration i.e., 4 and 2 respectively.


Figure 4. An example of DMRS determination
Proposal 7: In case a nominal repetition is split into multiple repetitions, DMRS configuration for each segmented repetition is based on its actual duration. 
TBS determiniation 
In the case of unequal duration for PUSCH repetitions, if the TBS determination is based on the whole duration, it may lead to the actual coding rate larger than 1 for the repetition with shorter duration, which means some of the systematic bits may be lost and cannot be self-decodable. For example, if the whole duration is 14 while the shortest repetition contains only 2 symbols, the actual coding rate for this repetition would be about 7 times of that for the whole duration. That means if the MCS determined by the whole duration is equal or larger than MCS#7 (coding rate is 0.15), then the actual coding rate for the shortest repetition would be larger than 1. On the other hand, if the TBS is based on the shortest one, it may result in using of a too small TBS or the coding rate is very large. Alternatively, TBS based on the longest PUSCH could be a good way out. 




In Rel-15, the total number of REs  are allocated for PUSCH by where  is the total number of allocated PRBs for the UE and  is the number of REs allocated for PUSCH within a PRB. That means the maximum TBS size will not exceed what supported in the Rel-15. 
Proposal 8: The TBS is based on the longest PUSCH repetition, the maximum TBS size is not increased compared to Rel-15.
Frequency hopping
In RAN1#96bis meeting, frequency hopping is supported. The details of frequency hopping including intra-PUSCH-repetition hopping, inter-PUSCH-repetition hopping, inter-slot hopping, and whether they can be enabled together are FFS.  
In Rel-15, only slot-based PUSCH repetition is used. Thus, inter-slot hopping and inter-PUSCH-repetition hopping are the same in Rel-15. However, when introducing repetition within a slot and an actual repetition doesn’t always  cross slot boundary in Rel-16, inter-slot hopping seems not needed since it is covered by inter-PUSCH-repetition hopping. So, we provide our views on the detailed hopping pattern about intra-PUSCH-repetition and inter-PUSCH-repetition in the next.
Proposal 9: For mini-slot PUSCH repetition, inter-slot hopping is not needed.
· Intra-PUSCH-repetition frequency hopping


For a ‘nominal’ repetition, intra-PUSCH-repetition frequency hopping could reuse Rel-15 rules, i.e., the number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot. The starting RB in each hop is given by:

,


where  i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information and is the frequency offset in RBs between the two frequency hops. 
· Inter-PUSCH-repetition frequency hopping
[bookmark: OLE_LINK2]For inter-PUSCH-repetition frequency hopping, it could also reuse Rel-15 rules, i.e., the starting RB in each hop is given by:

,



where  is the current repetition number instead of slot number in Rel-15.  is the starting RB within the UL BWP as calculated from the resource block assignment information and is the frequency offset in RBs between the two frequency hops.
In addition, inter-PUSCH-repetition frequency hopping and intra-PUSCH-repetition frequency hopping is no need to be enabled simultaneously as Rel-15.
Proposal 10: For mini-slot PUSCH repetition, intra-PUSCH-repetition and inter-PUSCH-repetition frequency hopping can reuse Rel-15 rules, and they cannot be enabled simultaneously.
Definition of avaible slot and available symbols in slot 
In Rel-15, if the UE is configured with pusch-AggregationFactor, the same symbol allocation is applied across the pusch-AggregationFactor consecutive slots. If one transmission in a slot collides with slot configuration, the transmission on that slot is omitted and not counted as an available slot for multi-slot PUSCH transmission. For URLLC traffic, things are different, where all K repetitions should be guaranteed and transmitted as soon as possible. It means the K repetitions should be transmitted in consecutive available slots and started in the first available UL symbols in each slot. Thus, the following two issues need to be discussed. 
· The definition of available slots 
· The definition of first available symbols in each slot
Firstly, an available slot should contain enough uplink or flexible symbols at least larger than the number of symbols needed for one actual repetition. Furthermore, if there are downlink symbols before uplink/flexible symbols in one slot according to slot configuration, there might need a guard period (GP) for switching from DL to UL. An example with K=4 and two symbols for each repetition is shown in Figure 5. The first three transmissions are transmitted in slot #n, and the last one is in slot #n+1. That is both slot #n and slot#n+1 are available slots for transmission. If one symbol is used for GP, the first available symbol is the second flexible symbol in slot#n+1. 


[bookmark: _GoBack]Figure 5. An example for the definition of available symbols for a repetition
In conclusion, the number of uplink or flexible symbols in the slot is larger than the total number of symbols needed for one repetition and GP. The first available symbols in the available slot is the first uplink or the (n+1)th flexible symbols, where n is the number of symbols for GP. 
Proposal 11: For PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one actual repetition and GP. 
· The first available symbols in the available slot is the first uplink or the (n+1)th flexible symbols where n is the number of symbols for GP. 
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For CG PUSCH repetition,
· it is not valid for mapping if a repetition conflicts with semi-static DL symbols,
· it is not expected the DG PUSCH repetition conflicts with the SFI-indicated DL symbols.
Proposal 2: For CG PUSCH repetition, 
· it is not valid for mapping when a repetition conflicts with semi-static DL symbols  
· the PUSCH repetition is not transmitted when a repetition conflicts with SFI-indicated DL/flexible symbols
Proposal 3: The length of “nominal” repetition for Alt 1 includes the semi-static DL symbols.
Proposal 4: For CG PUSCH repetition，adopt Alt 2 with introducing a time window.
·  The UE cannot postpone its transmission out of the window
Proposal 5: When the duration of a repetition is too small or when the coding rate of a repetition is too high, a UE transmits nothing in this repetition. 
Proposal 6: For dynamic indication of repetition number, 
·  using an independent DCI field indicating a value from a set of repetition numbers configured by RRC for dynamic indication. 
· using the semi-static indication of the nominal number of repetitions for type 1 configured grant PUSCH.
Proposal 7: In case a nominal repetition is split into multiple repetitions, DMRS configuration for each segmented repetition is based on its actual duration. 
Proposal 8: The TBS is based on the longest PUSCH repetition, the maximum TBS size is not increased compared to Rel-15.
Proposal 9: For mini-slot PUSCH repetition, inter-slot hopping is not needed.
Proposal 10: For mini-slot PUSCH repetition, intra-PUSCH-repetition and inter-PUSCH-repetition frequency hopping can reuse Rel-15 rules, and they cannot be enabled simultaneously.
Proposal 11: For PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one actual repetition and GP. 
· The first available symbols in the available slot is the first uplink or the (n+1)th flexible symbols where n is the number of symbols for GP. 
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