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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98bis, we made the following agreements:
Agreements:
· Do not support PUSCH mapping type A for Option 4.

Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG

Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)

Agreements:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.

Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).

Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.

Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.

Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG

This contribution considers some remaining issues on PUSCH enhancements for eURLLC in Rel-16.  
2. Discussions 
2.1 Interactions with dynamic SFI
Dynamic SFI is transmitted using DCI Format 2_0 which can convert a semi-static Flexible symbol into an UL or a DL symbol, thereby providing flexibility for the gNB to manage the slot resources.  However, it is noted that dynamic SFI is not transmitted with the same reliability as an UL grant for URLLC [1].  For example, DCI Format 2_0 may have a target BLER of 10-2 whilst the UL Grant for URLLC PUSCH requires BLER of 10-5 to 10-6.  That is dynamic SFI is 1000 to 10,000 times less reliable than an UL Grant for URLLC PUSCH.
Observation 1: Dynamic SFI carried by DCI Format 2_0 can be 1000 to 10,000 times less reliable than an UL Grant for URLLC PUSCH.

Even if dynamic SFI matches the reliability of an URLLC UL grant, the combination of dynamic SFI and the URLLC UL grant would not provide the required URLLC reliability [2].  Hence, dynamic SFI does not provide the required reliability for URLLC.  Consequently , dynamic SFI cannot be used for URLLC transmission, albeit it can be used for eMBB transmission for the same UE.
Observation 2: The use of dynamic SFI would not provide the required URLLC reliability for PUSCH transmission.
Proposal 1: URLLC PUSCH transmission does NOT depend on dynamic SFI.

For Dynamic Grant the remaining options where the UE behaviour is NOT dependent on dynamic SFI are:
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
Option 1-1 removes the flexibility of dynamic SFI since all semi-static flexible symbols are used for PUSCH transmissions.  This may starve the DL of DL resources for URLLC PDSCH. 
Observation 3: Option 1-1 where all flexible symbols are used for URLLC PUSCH transmission removes the benefit of dynamic SFI and may deprive DL resources for URLLC PDSCH.

Option 1-3 retains the benefit of dynamic SFI and also ensures the reliability of the SFI by transmitting the SFI in the UL Grant for the URLLC PUSCH.  However, the SFI-Index requires max{log2(maxSFIIndex+1), 1} bits, which can be significant.  An alternative is to use a single bit to indicate whether the semi-static Flexible symbols can all be used for PUSCH or not.  This is the preferred option as it allows some of the benefits of dynamic SFI, meets the reliability of URLLC and uses only a single bit.
Proposal 2: For interactions with dynamic SFI in DG, a single bit is used in the UL grant to indicate whether all semi-static flexible symbols or none of the them are used for PUSCH transmission.  Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.

For Configured Grant, the only option left if UE behaviour does not depend on dynamic SFI is:
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols. 
Hence, we propose this option.
[bookmark: _GoBack]Proposal 3: For interactions with dynamic SFI in CG, semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.

2.2 Handling of Orphan Symbol
When a PUSCH is split into multiple repetitions, some of the repetitions may only be 1 OFDM symbol long, which by itself may not contain any information especially when a front loaded DMRS is used, i.e. an “orphan” symbol is created.  This orphan symbol can be dropped or it can simply be an extension to another adjacent PUSCH repetition (i.e. without any interrupted symbols in between).  We have a preference that this orphan symbol is utilized since the resource is already scheduled for the UE.
Proposal 4: When a split PUSCH repetition contains only 1 symbol, this symbol is utilized by an adjacent PUSCH repetition, i.e. the adjacent PUSCH repetition is extended by 1 symbol.

2.3 SLIV Calculation
In Rel-15, the SLIV for a PUSCH with starting symbol S and duration L, is calculated as [3]:

if  then


else 



where

Where this calculation requires that the PUSCH does not cross a slot boundary, i.e. S+L ≤ 14.  However, the Rel-16 PUSCH for eURLLC is allowed to cross a slot boundary and if the Rel-15 SLIV calculation is also directly used for S+L>14, it will lead to ambiguity as the SLIV values represent two different sets of {S, L} as shown in Table 1 (where entries in red are for S+L>14).  For example, SLIV=27 can represent {S=13, L=2} or {S=0, L=14}.
[bookmark: _Ref23851297]Table 1: SLIV allowing S+L>14
	Start, S
	Length, L

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	0
	0
	14
	28
	42
	56
	70
	84
	98
	97
	83
	69
	55
	41
	27

	1
	1
	15
	29
	43
	57
	71
	85
	99
	96
	82
	68
	54
	40
	26

	2
	2
	16
	30
	44
	58
	72
	86
	100
	95
	81
	67
	53
	39
	25

	3
	3
	17
	31
	45
	59
	73
	87
	101
	94
	80
	66
	52
	38
	24

	4
	4
	18
	32
	46
	60
	74
	88
	102
	93
	79
	65
	51
	37
	23

	5
	5
	19
	33
	47
	61
	75
	89
	103
	92
	78
	64
	50
	36
	22

	6
	6
	20
	34
	48
	62
	76
	90
	104
	91
	77
	63
	49
	35
	21

	7
	7
	21
	35
	49
	63
	77
	91
	105
	90
	76
	62
	48
	34
	20

	8
	8
	22
	36
	50
	64
	78
	92
	106
	89
	75
	61
	47
	33
	19

	9
	9
	23
	37
	51
	65
	79
	93
	107
	88
	74
	60
	46
	32
	18

	10
	10
	24
	38
	52
	66
	80
	94
	108
	87
	73
	59
	45
	31
	17

	11
	11
	25
	39
	53
	67
	81
	95
	109
	86
	72
	58
	44
	30
	16

	12
	12
	26
	40
	54
	68
	82
	96
	110
	85
	71
	57
	43
	29
	15

	13
	13
	27
	41
	55
	69
	83
	97
	111
	84
	70
	56
	42
	28
	14



An easy way to solve this ambiguity without changing the structure of the TDRA table, i.e. without introducing any new columns/fields to the TDRA table or any new bits in the DCI, is to increase the range of SLIV.  This can be done by adding an offset “OSLIV ” to the SLIV calculation as follows:

if  then
	
else 
	
where 
OSLIV = 0; 	for 0 < S+L ≤ 14
OSLIV =105; 	for S+L > 14

The UE will recognize that any SLIV ≥ 105 means S+L>14, i.e. the PUSCH crosses a slot boundary.  This will give a table with unique SLIV values for each combination of {S, L}as shown in Table 2.

[bookmark: _Ref23852326]Table 2: SLIV with offset OSLIV
	Start, S
	Length, L

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	0
	0
	14
	28
	42
	56
	70
	84
	98
	97
	83
	69
	55
	41
	27

	1
	1
	15
	29
	43
	57
	71
	85
	99
	96
	82
	68
	54
	40
	131

	2
	2
	16
	30
	44
	58
	72
	86
	100
	95
	81
	67
	53
	144
	130

	3
	3
	17
	31
	45
	59
	73
	87
	101
	94
	80
	66
	157
	143
	129

	4
	4
	18
	32
	46
	60
	74
	88
	102
	93
	79
	170
	156
	142
	128

	5
	5
	19
	33
	47
	61
	75
	89
	103
	92
	183
	169
	155
	141
	127

	6
	6
	20
	34
	48
	62
	76
	90
	104
	196
	182
	168
	154
	140
	126

	7
	7
	21
	35
	49
	63
	77
	91
	210
	195
	181
	167
	153
	139
	125

	8
	8
	22
	36
	50
	64
	78
	197
	211
	194
	180
	166
	152
	138
	124

	9
	9
	23
	37
	51
	65
	184
	198
	212
	193
	179
	165
	151
	137
	123

	10
	10
	24
	38
	52
	171
	185
	199
	213
	192
	178
	164
	150
	136
	122

	11
	11
	25
	39
	158
	172
	186
	200
	214
	191
	177
	163
	149
	135
	121

	12
	12
	26
	145
	159
	173
	187
	201
	215
	190
	176
	162
	148
	134
	120

	13
	13
	132
	146
	160
	174
	188
	202
	216
	189
	175
	161
	147
	133
	119



Proposal 5: For Rel-16 eURLLC PUSCH, to support PUSCH crossing slot boundary (S + L > 14), an offset OSLIV is added to the SLIV calculation as follows:
if  then
	
else 
	
where 
OSLIV = 0; 	for 0 < S+L ≤ 14
OSLIV =105; 	for S+L > 14

2.4 DMRS
Since PUSCH mapping Type A is not supported in Rel-16 PUSCH then each nominal PUSCH repetition would have a front loaded DMRS.  When a nominal PUSCH repetition is segmented into multiple repetitions, only the first PUSCH segment contains DMRS and the other segments would not have any DMRS.  It is therefore proposed that a front loaded DMRS is transmitted at the start of each segmented PUSCH.
Proposal 6: When a nominal PUSCH repetition is segmented into multiple repetitions at the slot/UL period boundary, a front loaded DMRS is transmitted at the beginning of each repetition of the segmented PUSCH.

2.5 TBS Determination
The TBS can be determined based on one of the PUSCH repetitions or based on all the repetitions.  The TBS based on a single repetition, such as the 1st repetition, may not provide sufficient RE resources for a low code rate.  If a low code rate is required and the PUSCH repetition duration is short (e.g. 2 or 3 symbols), then a large number of PRBs may be required.  There may not be sufficient frequency resource to provide a high number of PRBs and furthermore, a PUSCH transmission using a large amount of frequency resource would result in low Power Spectral Density which is not desirable, especially for a UE at the cell edge.  Hence, we prefer that the TBS is based on the resources from all repetitions, where the encoded information bits can be placed in a circular buffer such that each PUSCH repetition is a different RV (i.e. contains different parts of the circular buffer).
Proposal 7: The TBS is determined based on total allocated resources.

2.6 Maximum PUSCH Length
It has been proposed that the length L of a single PUSCH transmission can be larger than 14 symbols (up to 28 symbols) [4].  The rationale for having a PUSCH with L > 14 is that for an intended PUSCH duration, e.g. 28 symbols, the overall transmission would require fewer repetitions. For example, in Figure 4, the intended PUSCH duration is 28 symbols, i.e. L×K=28.  If L ≤ 14 (restricted to 14 symbols), then to minimize the number of repetitions, this would require L=14, repetition K=2 and if the PUSCH starts at the 8th symbol of the slot, it would lead to 4 overall repetitions since each of the nominal PUSCH repetitions is split into two at the slot boundaries. On the other hand, if L > 14, then for an intended PUSCH duration of 28 symbols, the allocation can be L=28 and K=1 which would result in 3 overall repetitions as the single nominal PUSCH repetition is split into 3 segments.  For the case where L=28 & K=1, there is one less DMRS symbol compared to the other case (L=14 & K=2) since it has one less PUSCH repetition.  We do not see this as a major benefit for having L > 14.  It should also be noted that the extra DMRS can actually improve the decoding performance e.g. allowing more spatial diversity or improving the channel estimation.

[image: ]
[bookmark: _Ref7196191]Figure 4: PUSCH with duration of 28 symbols

Proposal 8: The duration of the PUSCH is not larger than 14 symbols, i.e. L ≤ 14. 

3. Conclusion
In this contribution, we discuss some remaining issues in PUSCH enhancements for eURLLC.  We observe the following:
Observation 1: Dynamic SFI carried by DCI Format 2_0 can be 1000 to 10,000 times less reliable than an UL Grant for URLLC PUSCH.
Observation 2: The use of dynamic SFI would not provide the required URLLC reliability for PUSCH transmission.
Observation 3: Option 1-1 where all flexible symbols are used for URLLC PUSCH transmission removes the benefit of dynamic SFI and may deprive DL resources for URLLC PDSCH.

We therefore propose the following:
Proposal 1: URLLC PUSCH transmission does NOT depend on dynamic SFI.
Proposal 2: For interactions with dynamic SFI in DG, a single bit is used in the UL grant to indicate whether all semi-static flexible symbols or none of the them are used for PUSCH transmission.  Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
Proposal 3: For interactions with dynamic SFI in CG, semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
Proposal 4: When a split PUSCH repetition contains only 1 symbol, this symbol is utilized by an adjacent PUSCH repetition, i.e. the adjacent PUSCH repetition is extended by 1 symbol.
Proposal 5: For Rel-16 eURLLC PUSCH, to support PUSCH crossing slot boundary (S + L > 14), an offset OSLIV is added to the SLIV calculation as follows:
if  then
	
else 
	
where 
OSLIV = 0; 	for 0 < S+L ≤ 14
OSLIV =105; 	for S+L > 14

Proposal 6: When a nominal PUSCH repetition is segmented into multiple repetitions at the slot/UL period boundary, a front loaded DMRS is transmitted at the beginning of each repetition of the segmented PUSCH.
Proposal 7: The TBS is determined based on total allocated resources.
Proposal 8: The duration of the PUSCH is not larger than 14 symbols, i.e. L ≤ 14. 
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