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Introduction
[bookmark: OLE_LINK24]In RAN1 #96 meeting, three options (option 4, option 5 and option 6) proposed to make a compromised option between mini-slot repetition and multi-segment transmission were approved. However, in RAN1 #96bis meeting, it was agreed that option 5 is not considered further as part of PUSCH enhancement. Therefore, in this contribution, we would like to share our views on option 4 and option 6.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements related to option 4 and option 6 were listed as follows [1, 2].
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK140]Agreements [1] 
Option 4:
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK46][bookmark: OLE_LINK47]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. It further consists of:
-	The number of the repetitions signalled 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 signaled 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 split 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.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]
Option 6:
One or more PUSCH repetitions in one slot, or two or more 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. It further consists of:
-	The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table
-	The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
-	More than one repetition can be mapped to one slot
-	The resource assignment for each repetition is contained within one slot. Each transmitted repetition is contained within one UL period in a slot.
-	FFS: increasing the number of bits for TDRA field in DCI 
-	FFS other details
-	The maximum TBS size is not increased compared to Rel-15.
[bookmark: OLE_LINK20][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Agreements [2]
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]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
Discussion
[bookmark: OLE_LINK77][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK135]In RAN1 #96bis meeting, it is agreed that option 5 is not considered further as part of PUSCH enhancements. So far, option 4 and option 6 are left for down-selection. In option 6, possible time domain resource assignment (TDRA) scheme can be configured by RRC signaling in advance and indicated by DCI in dynamic scheduling. The advantage is that DL symbols and UL symbols used to transmit PUCCH/SRS can be avoided. The disadvantage is that scheduling flexibility of option 6 is restricted. If TDRA field is still 4bits, the number of PUSCH transmission patterns in a few slots is limited to 16, whereas TDRA in one slot can be up to 16 in option 4. If the bitwidth of TDRA field increases, the overhead will also increase, which is against the intention of compact DCI. Therefore, considering scheduling flexibility and signaling overhead, we have the following proposal,
Proposal 1: At least option 4 is supported for URLLC PUSCH enhancements.
In the following sections, possible enhancements for option 4 will be discussed.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]DMRS transmission for Option 4
[bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK7]In RAN1 #96 meeting, it was agreed that no DMRS sharing across multiple PUSCH repetitions for option 4. Therefore, each repetition shall have its own DMRS. Since current DMRS are designed for single-slot transmission specifically, it is hard to ensure that every repetition in option 4 has its own DMRS. Figure 1 and Figure 2 show two examples of DMRS transmission in PUSCH repetition with the configuration of mapping type A and mapping type B, respectively. In Figure 1, one additional DMRS symbol is configured. It can be seen that repetition 1 does not contain DMRS symbol. In Figure 2, only 1 front-loaded DMRS symbol is configured, and it is transmitted at the beginning of the scheduled PUSCH resources. Similarly, there is no DMRS in repetition 2.



[bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK255]Figure 1. DMRS transmission in PUSCH repetition with configuration of mapping type A  



Figure 2 DMRS transmission in PUSCH repetition with configuration of mapping type B

From these two examples, we can see that Rel-15 DMRS transmission cannot meet the existing agreement of PUSCH repetition, and DMRS enhancement is needed.
[bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK261][bookmark: OLE_LINK277]Observation 1: Rel-15 DMRS transmission cannot meet the existing agreement of PUSCH repetition,
· [bookmark: OLE_LINK273][bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK276]‘No DMRS sharing across multiple PUSCH repetitions’
[bookmark: OLE_LINK10]In the following part, DMRS enhancement will be discussed for PUSCH mapping type B and PUSCH mapping type A, respectively.
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]DMRS for PUSCH mapping type B
[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK8][bookmark: OLE_LINK9]In Rel-15, for PUSCH mapping type B, positions of front-loaded DMRS and additional DMRS both depend on duration of scheduled PUSCH resources and configuration of gNB. The first symbol of the scheduled PUSCH resources is always used for DMRS transmission. In option 4, how to explain scheduled PUSCH resources should be clarified. If scheduled resources of PUSCH (i.e. all repetitions) are used to determine DMRS positions, it is hard to ensure that every repetition has its own DMRS. However, if scheduled resources of each repetition are used to determine DMRS positions, each repetition has at least one DMRS symbol. In order to ensure that each repetition has its own DMRS, we propose that each repetition can be seen as a scheduled PUSCH mapping type B to determine its DMRS positions. 
[bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK45][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK241][bookmark: OLE_LINK242]Proposal 2: In Option 4, each repetition can be seen as a scheduled PUSCH mapping type B to determine its DMRS positions, if PUSCH mapping type B is configured or indicated.
DMRS for PUSCH mapping type A
[bookmark: OLE_LINK13]For PUSCH mapping type A, positions of front-loaded DMRS is irrelevant to scheduled PUSCH resources. Therefore, type A DMRS in Rel-15 cannot extend to each repetition easily. In order to ensure that each repetition have its own DMRS, some rules are needed. For example, the following alternatives can be considered,
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK25]Alt-1: At first, DMRS positions in one slot are determined according to configured front-loaded DMRS, additional DMRS and the scheduled PUSCH resources in this slot. And then, for one repetition, if there is no DMRS symbol, DMRS is transmitted at the beginning of this repetition.
Alt-2: DMRS is transmitted at the beginning of each repetition, no matter whether additional DMRS is configured or not.
Alt-3: DMRS is transmitted similar to above mentioned enhanced PUSCH mapping type B, i.e., Rel-15 type B DMRS transmission related rule and configuration are applied to each repetition.
Take Figure 1 as an example, one front-loaded DMRS symbol and one additional DMRS symbol are configured for PUSCH mapping type A. With the above three alternatives, DMRS transmission pattern can be shown in Figure 3.



Figure 3. Enhanced DMRS transmission in PUSCH repetition with configuration of mapping type A
[bookmark: OLE_LINK271][bookmark: OLE_LINK272]It can be seen that, with these three alternatives, at least one DMRS symbol is included in each repetition. Besides, with current configuration of DMRS and scheduled PUSCH, Alt-2 and Alt-3 achieve the same DMRS pattern. If one repetition has a large duration, the density of DMRS in Alt-3 will be larger than that in Alt-2. Advantages and disadvantages of these three alternatives can be further evaluated with more examples of PUSCH scheduling.
[bookmark: OLE_LINK6]Dynamic indication of the nominal number of repetitions
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK151][bookmark: OLE_LINK152]In RAN1 #96bis meeting, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported and some details are still FFS. Among them, the exact DCI format(s) shall depend on the progress of PDCCH enhancements. The exact signaling and the exact mechanism to enable or disable dynamic indication can be discussed in this stage.
In Rel-15, the number of PUSCH repetition is configured by RRC parameter pusch-AggregationFactor, and the candidate values are 2, 4 and 8. If this field is absent, UE applies the value 1. It means that whether PUSCH repetition is enabled or not also depends on this parameter. In Rel-16, similar method can be used. For example, one parameter is used to configure candidate values of nominal number of repetitions. In general case, two or more candidate values are configured and dynamic indication is enabled. If this field is absent, UE applies value 1 and dynamic indication is disabled. 
[bookmark: OLE_LINK122]As for the exact signaling method, if at most two candidate values of nominal number of repetitions are allowed to configure (e.g., 2 and 4), a separate signaling field can be used to indicate nominal number of repetitions and bitwidth of this field is 1. If more than 2 values are allowed (e.g., 3 values similar to R15 repetition), this signaling can be jointly encoded with other signaling field to reduce the size of DCI format.
[bookmark: OLE_LINK78][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK76][bookmark: OLE_LINK95][bookmark: OLE_LINK125][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK264][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK161][bookmark: OLE_LINK162]Proposal 3: Joint signalling of nominal number of repetitions and other DCI signalling field can be considered.
Conclusion
In this contribution, option 4 and option 6 are compared. Besides, possible enhancements on option 4 are discussed. Based on the discussion, we have the following proposals:
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Proposal 1: At least option 4 is supported for URLLC PUSCH enhancements.
Observation 1: Rel-15 DMRS transmission cannot meet the existing agreement of PUSCH repetition,
· ‘No DMRS sharing across multiple PUSCH repetitions’
Proposal 2: In Option 4, each repetition can be seen as a scheduled PUSCH mapping type B to determine its DMRS positions, if PUSCH mapping type B is configured or indicated.
Proposal 3: Joint signalling of nominal number of repetitions and other DCI signalling field can be considered.
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