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Introduction
In RAN 97, one agreement on PUSCH was achieved:
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 shall focus on details for option 4.
Potential issues for one grant to schedule PUSCH repetition
The following issues are open for option 4:
· Issues from segment
In option 4, PUSCH will be segmented when nominal PUSCH cross slot boundary. However, there are some issues from segment, such as PUSCH resource, DMRS, and RV.

· PUSCH resource
When one PUSCH resource is segmented by slot boundary, there maybe orphan symbols. One efficient to deal with orphan symbols is to catenate with adjacent PUSCH repetition. However, there is case that no adjacent PUSCH repetition, such as, the orphan symbols from the first PUSCH repetition and the end PUSCH repetition, as shown in Figure 1. In this case, orphan symbols are better to be dropped to reduce interference.


Figure 1 Dropped or catenated segmented PUSCH 
Proposal 1: Orphan symbols from segmented PUSCH can be dropped or catenated with adjacent PUSCH repetition. 
In addition, it is open issue how to define orphan symbols. One solution is determined by segmented PUSCH length. If segmented PUSCH length is not larger than DMRS length, then the segmented PUSCH is defined as orphan symbols. Another solution is determined by effective code rate for segmented PUSCH. If effective code rate for segmented PUSCH is larger than 1, then the segmented PUSCH is defined as orphan symbols. 
Proposal 2: Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH.
· DMRS allocation
When one repetition is segmented, then DMRS is required in multiple segmented repetition parts. And DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.
Proposal 3: DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.

Orphan symbol can catenate with adjacent PUSCH. For catenated PUSCH, one direct solution is that DMRS resource allocation is determined by catenated PUSCH, as shown in Figure 2. However, DMRS pollution may occur when multiple configured grants overlap in time –frequency domain. So to avoid DMRS pollution, DMRS resource allocation is still determined by segmented PUSCH, as shown in Figure 3. However, DMRS overhead will increase. So it is better to be configurable that DMRS is determined by catenated PUSCH or segmented PUSCH.


Figure 2 DMRS pollution case


 Figure 3 DMRS for each segmented PUSCH
Proposal 4 The resource to determine DMRS allocation is configurable, segmented PUSCH or catenated PUSCH.
· Dynamic indication
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. One solution for dynamic indication is to include the parameter “dynamic indication” into time domain resource allocation. Usually, for cell center or middle UE, cross-slot boundary transmission is very low probability and latency due to cross-slot boundary is very short due to transmission duration is short, however, flexible starting symbol and length is required to support various TB size. Therefore, for cell center or middle UE, various starting symbol and length and only one repetition number (=1) is included in time domain resource table, shown in Table 1. For cell edge UE, limited transmission duration, e.g. only long transmission duration, is needed and unused fields can be used for repetition number >1. Table 2 shows an example of time domain resource allocation for cell edge UE.
Table 1 An example of time domain resource allocation (Cell center or middle UE)
	Row index
	PUSCH mapping type
	
	S
	L
	Repetition number

	1
	Type A
	j
	0
	14
	1

	2
	Type A
	j
	0
	10
	1

	3
	Type A
	j
	0
	4
	1

	4
	Type B
	j
	2
	4
	1

	5
	Type B
	j
	4
	4
	1

	6
	Type B
	j
	6
	4
	1

	7
	Type B
	j
	8
	4
	1

	8
	Type A
	j+1
	0
	14
	1

	9
	Type A
	j+1
	0
	10
	1

	10
	Type A
	j+1
	0
	4
	1

	11
	Type A
	j+2
	0
	14
	1

	12
	Type A
	j+2
	0
	10
	1

	13
	Type A
	j+2
	0
	10
	1

	14
	Type B
	j
	10
	4
	1

	15
	Type A
	j+3
	0
	14
	1

	16
	Type A
	j+3
	0
	10
	1



Table 2 An example of time domain resource allocation (Cell edge UE)
	Row index
	PUSCH mapping type
	
	S
	L
	Repetition number

	1
	Type B
	j
	0
	14
	1

	2
	Type B
	j
	2
	14
	1

	3
	Type B
	j
	4
	14
	1

	4
	Type B
	j
	6
	14
	1

	5
	Type B
	j
	8
	14
	1

	6
	Type B
	j
	10
	14
	1

	7
	Type B
	j
	12
	14
	1

	8
	Type B
	j+1
	0
	14
	1

	9
	Type B
	j+1
	2
	14
	1

	10
	Type B
	j+1
	4
	14
	1

	11
	Type B
	j+1
	6
	14
	1

	12
	Type B
	j
	4
	7
	4

	13
	Type B
	j
	6
	7
	4

	14
	Type B
	j
	8
	7
	4

	15
	Type B
	j
	10
	7
	4

	16
	Type B
	j
	12
	7
	4



Whether to enable or disable repetition can be indicated by higher layer signaling pusch-TimeDomainAllocationList implicitly. DCI activating type 2 configured grants PUSCH can applies the same method and pusch-TimeDomainAllocationList.

Proposal 5: Repetition number is included in pusch-TimeDomainAllocationList

· Frequency hopping
For dynamic transmission, Frequency hopping provides frequency diversity. However, URLLC transmission is usually wide transmission band and short time duration to reduce latency. For wideband transmission, frequency hopping only provides limited frequency diversity. Therefore, simple frequency hopping is enough for dynamic transmission.
For configured grant, collision among UE in one grant free can not be controlled by gNB and hopping is only way to resolve collision. To recognize UE as early as possible, hopping with small time granularity, e.g. symbol-level, should be considered for grant free.


In addition, Current hopping pattern only depends on two parameters, and, available hopping pattern is very limited and randomness of collision among UE is very limited, even leads persistent collision, which is fatal for URLLC. Non-orthogonal resource allocation, especially for data, is usual for URLLC to support more grant free UE in limited resource. If non-orthogonal resource for DMRS is applied, UE cannot be identified and data cannot be demodulated. So we suggest more flexible hopping pattern can be considered in terms of hopping sequence and hopping resource. 
Proposal 6: Larger than 2 hopping and UE-specific hopping pattern is benefit for interference randomization.

For Type A PUSCH mapping, DMRS resource allocation scheme needs additional specification effort for subsequent PUSCH repetition (repetition index>1) due to DMRS resource reference is slot boundary and DMRS time domain resource is usually different for multiple PUSCH repetitions. And Type B provides flexible scheduling and simple DMRS resource allocation scheme. So only Type B PUSCH mapping is supported for repetition number>1.
Proposal 7: Only Type B PUSCH mapping is supported for repetition number>1.

· Interaction with the DL/UL direction
For slot repetition, if transmission direction in one PUSCH repetition is not all uplink or flexible, then the PUSCH repetition is discarded. For mini-slot repetition, the similar rule can be a starting point. 
Proposal 8: If transmission direction in one PUSCH repetition is not all uplink or flexible, then the PUSCH repetition is discarded.

· TBS determination
For slot repetition, TBS is determined by first repetition. Similarly, for mini-slot repetition and multi-segments, TBS is determined by first actual repetition or segment.
Proposal 9: TBS is determined by first actual repetition or segment.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Proposal 1: Orphan symbols from segmented PUSCH can be dropped or catenated with adjacent PUSCH repetition. 
Proposal 2: Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH.
Proposal 3: DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.
Proposal 4 The resource to determine DMRS allocation is configurable, segmented PUSCH or catenated PUSCH.
Proposal 5: Repetition number is included in pusch-TimeDomainAllocationList
Proposal 6: Larger than 2 hopping and UE-specific hopping pattern is benefit for interference randomization.
Proposal 7: Only Type B PUSCH mapping is supported for repetition number>1.
Proposal 8: If transmission direction in one PUSCH repetition is not all uplink or flexible, then the PUSCH repetition is discarded.
[bookmark: _GoBack]Proposal 9: TBS is determined by first actual repetition or segment.
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