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Introduction
In order to better support URLLC in NR Rel-16, the following agreements and proposals on PUSCH were reached in RAN1#96bis meeting [1].
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
[bookmark: OLE_LINK2]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. 
· [bookmark: OLE_LINK7]FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
[bookmark: OLE_LINK4]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
In this contribution, we mainly discuss the further details designed for option 4 and option 6.
Further details for option 4
1.1 Dynamic indication of repetition number
[bookmark: OLE_LINK12]As agreed in RAN1#96bis meeting, for option 4, 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:
· 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.
[bookmark: OLE_LINK15][bookmark: OLE_LINK13]Proposal 1: For option 4, 
·  using an independent DCI field indicating a value from a set of repetition numbers configured by RRC for dynamic indication. 
· reuse the semi-static indication of the nominal number of repetitions of Rel-15 for type 1 configured grant PUSCH.
1.2 Handling of “orphan” symbols
[bookmark: OLE_LINK16]For PUSCH repetition based on option 4, if a “nominal” repetition goes across the slot boundary or DL/UL switching point, 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 1. 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 1. An example of PUSCH repetition based on option 4
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, UE behavior on handling of orphan symbols needs to be defined. One simple way is to transmit nothing on these orphan symbols. This might be not very efficient if the orphan symbols cannot be easily allocated to other signals/UEs. 
Proposal 2: For option 4, 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. 
1.3 DMRS determination
As shown in Figure 2, 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 2. An example of DMRS determination of Option 4
[bookmark: OLE_LINK20]Proposal 3: In case a nominal repetition is split into multiple repetitions, DMRS configuration for each segmented repetition is based on its actual duration. 
Further details for option6
[bookmark: OLE_LINK19]For the time domain resource assignment of option 6, the number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from the TDRA field in the DCI indicating an entry in a higher layer configured table. In the following, the detailed interaction with the procedure of UL/DL direction determination for each PUSCH and how to design the TDRA table are discussed. 
1.4 [bookmark: OLE_LINK6]Conflict with DL /flexible symbol(s) configured in slot configuration/dynamic SFI
· Dynamic grant-based PUSCH repetitions
For dynamic grant-based PUSCH repetitions, the main procedures of UL/DL direction determination are summarized as follows:
1　 Conflict with downlink symbols
[bookmark: OLE_LINK17]For semi-static DL symbol(s) configured by RRC slot configuration, two options were discussed and agreed for further down-selection in RAN1#96bis meeting:
· 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.    
In Rel-15, option 2 is used for dynamic PUSCH with slot based repetitions. Mini-slot repetition based on option 6 provides more flexibility than Rel-15, and we believe that gNB can avoid the collision for most of cases. But it seems not needed to force gNB to always avoid the collision for all cases, and the repetition is not transmitted once collision happens in some cases. Thus, we slightly prefer Option 2 here. 
[bookmark: OLE_LINK21]For DL symbol(s) indicated by SFI, it is not expected at the UE that the resource allocation has conflicts with dynamically indicated DL symbol(s). This is the same as Rel-15 behavior.
2　 [bookmark: OLE_LINK18]Conflict with flexible symbols
In Rel-15, no matter flexible symbols are configured by RRC slot configuration or SFI, grant-based PUSCH can be transmitted on flexible symbols. The same procedure can be reused here.    
Proposal 4: For dynamic grant-based PUSCH repetitions
· In case dynamic grant-based PUSCH repetition conflicts with downlink symbols,
· for semi-static DL symbol(s), the repetition is not transmitted 
· for DL symbol(s) indicated by SFI, it is not expected that the resource allocation conflicts with dynamically indicated DL symbol(s)
· In case dynamic grant-based PUSCH conflicts with flexible symbols,
·  no matter flexible symbols are configured by RRC slot configuration or SFI, dynamic grant-based PUSCH can be transmitted on flexible symbols.

· Configured grant PUSCH repetitions
1　 Conflict with downlink symbols
In Rel-15, if a configured grant PUSCH repetition conflicts with semi-static DL symbols or dynamically indicated DL symbols, the repetition is not transmitted. This is applied for both type 1 configured grant and type 2 configured grant activation regardless of the first PUSCH (including all repetitions) or not. We slightly prefer to reuse Rel-15 rules.
2　 Conflict with flexible symbols
In the case of flexible symbols are configured by RRC slot configuration, configured grant PUSCH can be transmitted on flexible symbols in Rel-15. In the case of flexible symbols are indicated by SFI, in Rel-15, the PUSCH transmission is not transmitted. 
Proposal 5: For type 1 configured grant and type 2 configured grant including the first PUSCH,
· if it conflicts with downlink symbols,
· no matter downlink symbols are configured by RRC slot configuration or SFI, the repetition is not transmitted.
· if it conflicts with flexible symbols,
· if flexible symbols are configured by RRC slot configuration, configured grant PUSCH can be transmitted 
· if flexible symbols are configured by SFI, the repetition is not transmitted.
1.5 TDRA table design
One example is shown in Table 1 assuming the largest actual repetition number is 3. Each entry indicates PUSCH mapping type, the slot offset which indicates the slot index for each PUSCH repetition and SLIV for each repetition. Same to Rel-15, the slot index of the first repetition (numbered from #0) can be determined by K2, i.e., slot offset #0 in Table1. The slot index of the remaining repetition can be determined by slot offset#i as n+slot offset#i, where n is the slot index of the first repetition, and slot offset#i is the slot offset associated with repetition index #i. In Table 1, if row index#2 is indicated, then the second repetition is in the same slot as the first repetition, while the third repetition is in the next available slot. 

Table 1 Time domain resource allocation of option 6
	Row index
	PUSCH mapping type
	SLIV #0
	Slot offset #0( K2 for the first repetition)
	SLIV #1
	Slot offset #1
	SLIV #2
	Slot offset #2

	0
	Type B
	Value A0
	0
	-
	-
	-
	-

	1
	Type B
	Value B1
	0
	Value B2
	0
	-
	-

	2
	Type B
	Value C1
	0
	Value C2
	0
	Value C3
	1

	...
	...
	...
	...
	...
	...
	...
	...



Proposal 6: For option 6, further study on the TDRA table is needed. 
1.6 One repetition spans across slot boundary 
[bookmark: OLE_LINK23]As agreed in RAN1#96bis meeting, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary for option 6. That is, S+L>14 is not permitted for one repetition. Similarly, the agreement is also applicable for configured grant PUSCH. 
Proposal 7: For option 6, for configured grant PUSCH, one repetition is not expected to span across slot boundary. 
Issues common for option 4/6
1.7 Frequency hopping
In RAN1#96bis meeting, frequency hopping is supported for both option 4 and 6. The details of frequency hopping including intra-repetition hopping, inter-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-repetition hopping are the same in Rel-15. However, when introducing repetition within a slot and an actual repetition always doesn’t cross slot boundary in Rel-16, inter-slot hopping seems not needed since it is covered by inter-repetition hopping. So, we provide our views on the detailed hopping pattern about intra-repetition and inter-repetition in the next.
Proposal 8: For mini-slot PUSCH repetition, inter-slot hopping is not needed.
· Intra-repetition frequency hopping


For a ‘nominal’ repetition, intra-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-repetition frequency hopping
For inter-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-repetition frequency hopping and intra-repetition frequency hopping is no need to be enabled simultaneously as Rel-15.
Proposal 9: For mini-slot PUSCH repetition, intra-repetition and inter-repetition frequency hopping can reuse Rel-15 rules, and they cannot be enabled simultaneously.
1.8 TBS determination
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 10: The TBS is based on the longest PUSCH repetition, the maximum TBS size is not increased compared to Rel-15.
1.9 Definition of available slot and available symbol in one 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
[bookmark: OLE_LINK5]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 3. 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. 


Figure 3. K mini-slot grant-based PUSCH repetitions across the slot boundary.
[bookmark: OLE_LINK3]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. 
[bookmark: OLE_LINK14]Proposal 11: For one or more 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 option 4, 
·  using an independent DCI field indicating a value from a set of repetition numbers configured by RRC for dynamic indication. 
· reuse the semi-static indication of the nominal number of repetitions of Rel-15 for type 1 configured grant PUSCH.
Proposal 2: For option 4, 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 3: In case a nominal repetition is split into multiple repetitions, DMRS configuration for each segmented repetition is based on its actual duration. 
Proposal 4: For dynamic grant-based PUSCH repetitions
· In case dynamic grant-based PUSCH repetition conflicts with downlink symbols,
· for semi-static DL symbol(s), the repetition is not transmitted 
· for DL symbol(s) indicated by SFI, it is not expected that the resource allocation conflicts with dynamically indicated DL symbol(s)
· In case dynamic grant-based PUSCH conflicts with flexible symbols,
·  no matter flexible symbols are configured by RRC slot configuration or SFI, dynamic grant-based PUSCH can be transmitted on flexible symbols
Proposal 5: 
For type 1 configured grant and type 2 configured grant including the first PUSCH,
· if it conflicts with downlink symbols,
· no matter downlink symbols are configured by RRC slot configuration or SFI, the repetition is not transmitted.
· if it conflicts with flexible symbols,
· if flexible symbols are configured by RRC slot configuration, configured grant PUSCH can be transmitted 
· if flexible symbols are configured by SFI, the repetition is not transmitted.
[bookmark: _GoBack]Proposal 6: For option 6, further study on the TDRA table is needed. 
Proposal 7: For option 6, for configured grant PUSCH, one repetition is not expected to span across slot boundary. 
Proposal 8: For mini-slot PUSCH repetition, inter-slot hopping is not needed.
Proposal 9: For mini-slot PUSCH repetition, intra-repetition and inter-repetition frequency hopping can reuse Rel-15 rules, and they cannot be enabled simultaneously.
Proposal 10: The TBS is based on the longest PUSCH repetition, the maximum TBS size is not increased compared to Rel-15.
Proposal 11: For one or more 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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