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1 Introduction
In RAN#83, Rel.16 eURLLC study item was converted to a work item with the following objective related to PUSCH enhancements [1]:
	· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots



In the last RAN1 meeting, the discussion ended on Options 4 and 6 which provide compromise solutions between pure mini-slot repetitions and multi-segment transmissions [2]. The following agreements have been made:
	Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
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. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
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 further analyze the options on the table and propose to adopt Option 6. This discussion also relates to enhancements to configured grant PUSCH [3].
2 Options 4
Although option 4 provides a compromise between the mini-slot repetitions and multi-segment transmission, there are the following major drawbacks connected with these options:
· No mechanism to skip SRS symbols
· Due to implicit determination of number of segments and their length based on slot boundary, there is no universal handling of skipping of SRS symbols. Although one may argue that UE may know where its SRS is scheduled and avoid PUSCH mapping there, the problem is not solved at all since other UE SRS are still no protected.
· No mechanism to skip PUCCH symbols
· With option 4 there is no clear mechanism how to ensure that short PUCCH may be transmitted and not multiplexed on PUSCH. Moreover, since the repetitions are transmitted back-to-back, it is also not possible to insert short PUCCH in between PUSCH that is critical for low-latency services.
· No mechanism to skip transient period symbols
· It was noted, that in many cases when diversity may be extracted (frequency hopping, multi-TRP) a transient period between segments is required which may eat up to 1 symbol in 60 kHz SCS. With the implicit back-to-back repetition options there is no simple mechanism how to ensure gaps between transmissions within a slot.
· No mechanism to use dynamic UL symbols
· Finally, in options 4 due to relying on semi-statically configured UL-DL symbols it is not possible to use dynamically reconfigured UL symbols (via DCI format 2_0). Otherwise, fully flexible configurations are not possible when there is at least one UE configured with option 4.
· Some companies argue, that option 4 can use dynamically allocated DL symbols to determine a starting symbol for enhanced repetitions. This is in our understanding an improper system design for reliability purpose since then the URLLC performance would depend on successful detection of TWO DCIs: 2_0 and the one scheduling PUSCH.
· RX-TX switching gap
· In Rel.15 a gNB takes care of provisioning RX-TX switching gap between DL and UL symbols. With Option 4, additional assumptions should be made which flexible/UL symbols should be skipped in order to map PUSCH segments after the DL region.
It is admitted, that some of the above issues may be solved by introducing additional mechanisms of skipping UL symbols or channels. However, it may further complicate the design and may violate the whole “lean” NR design principle by introducing multiple semi-static conditions for operation.
Observation 1
· Option 4 lacks of mechanisms of skipping important UL symbols (PUCCH, SRS, transients, RX-TX switching gap, etc)
· It is envisioned that additional mechanisms to skip UL symbols in option 4 may overcomplicate NR specification and UE/gNB implementation
· Option 4 lacks of reliable mechanisms to use dynamic UL symbols
3 Option 6
3.1 Time Domain Resource Allocation
Current description of Option 6 assumes that starting symbol and length of segments and their mapping to slots is explicitly indicated as part of TDRA table.
Essentially, it provides full flexibility in configuring PUSCH occasions in a preferred way. Since starting symbols and length of each segment is explicitly provided, it is possible to skip other important symbols including SRS, PUCCH, transients, when constructing a repeated transmission. Due to explicit mapping of segments to slots, it is also possible to use this signaling in case of dynamic UL-DL reconfiguration.
Proposal 1
· Support option 6 for enhanced PUSCH repetitions

In order to extract the benefits, the TDRA table should be properly designed. It was proposed, that more than one SLIV should be provided per TDRA table entry where each SLIV should also have an associated slot index, so that the SLIV is either mapped to the slot pointed by K2 or a later slot.
· K2
· PUSCH mapping type
· SLIV list
It was also discussed how the total number of PUSCH repetitions is derived. It was widely accepted that the number of repetitions should be dynamically signaled. This may be realized either by putting the aggregation factor into a TDRA table entry (explicitly as a value or implicitly as a number of SLIVs), or by separately signaling the aggregation factor in DCI.
In our view, when aggregation factor and enhanced TDRA table are signaled separately, there may be combinations of these parameters which are incompatible or useless. For example, two times repetition of one segment spanning almost whole slot, and single transmission of a pair of SLIVs spanning almost two slots may be redundant. In order to avoid this, a repetition/aggregation factor may be a part of the TDRA entry, so that it may only be applied to the entries which benefit from it.
Obviously, when extending functionality of TDRA table, the size of the table may need to be increased in order to accommodate more enhanced combinations. Assuming explicit aggregation factor would take 2 bit in DCI, when adding it to the TDRA entry, the table size may be increased 2 or 4 times so that the same total increase in dynamic signaling part is achieved (4 bit TDRA + 2 bit repetition factor vs 5-6 bit TDRA).
In order to exemplify the proposed mechanism, we provide the following table potentially suitable for URLLC scheduling (see Table 1). Here, effective duration of 1 and 2 slots with granularity of access of half-slot is assumed. Also, 2-symbol gap in the end of a slot for SRS/PUCCH is provisioned:
[bookmark: _Ref7814618]Table 1. Example TDRA table for 7-symbol granularity of access, 2-symbol gap in the end of a slot, three different total durations.
	Entry#
	S, L, K2
	S, L, K2
	S, L, K2
	Note

	0
	0, 7, K2
	
	
	First half-slot

	1
	7, 7, K2
	
	
	Second half-slot, no gap

	2
	7, 5, K2
	
	
	Second half-slot, with gap

	3
	0, 14, K2
	
	
	1 slot, no gap

	4
	0, 12, K2
	
	
	1 slot, with gap

	5
	7, 7, K2
	0, 7, K2+1
	
	1 slot crossing boundary, no gap

	6
	7, 5, K2
	0, 7, K2+1
	
	1 slot crossing boundary, with gap

	7
	0, 14, K2
	0, 14, K2+1
	
	2 slots, no gaps

	8
	0, 12, K2
	0, 14, K2+1
	
	2 slots, gap in first slot

	9
	0, 14, K2
	0, 12, K2+1
	
	2 slots, gap in second slot

	10
	0, 12, K2
	0, 12, K2+1
	
	2 slots, gap in both slots

	11
	7, 7, K2
	0, 14, K2+1
	0, 7, K2+2
	2 slots spanning three, no gaps

	12
	7, 5, K2
	0, 14, K2+1
	0, 7, K2+2
	2 slots spanning three, gap in first slot

	13
	7, 7, K2
	0, 12, K2+1
	0, 7, K2+2
	2 slots spanning three, gap in second slot

	14
	7, 5, K2
	0, 12, K2+1
	0, 7, K2+2
	2 slots spanning three, gap in two slots



As it can be seen, most of the cases are covered with 15 entries already. Note, that for entries 11-14, the SLIV with 12-14 symbols may be replaced by two segments of length 5-7 so that it becomes a mini-slot repetition option. Similar table can be composed when there are some symbols in the beginning of each slot not available for UL (DL symbols). However, when slots have different number of DL symbols, the table would be larger, but still manageable.
If separate aggregation factor signaling is deemed essential, then it may be used in other way. For example, if TDRA entry provides N SLIVs, and repetition factor K is signaled, then K first SLIVs may be taken from the TDRA entry.
Proposal 2
· For option 6, the following TDRA table functionality is introduced
· More than one SLIV is signaled in one table entry, where each SLIV is explicitly mapped to the slot pointed by K2 or to other slot
· A total number of repetitions is associated with each table entry
· FFS as a number of SLIVs or as a separate number
· Maximum TDRA table size is increased up to 64 entries

Conflicts with UL-DL configurations
Last time, handling of conflicts with UL-DL configurations was discussed for Option 6. A few opens are still there, in particular handling of conflicts with semi-static DL symbols for the dynamic PUSCH and also handling of dropping rules for configured PUSCH.
Regarding the conflict of dynamic PUSCH and semi-static DL symbols, the option 1 is preferred, where UE does not expect such conflicts. It is assumed that both TDRA table and UL-DL config are flexible enough and are jointly configured, so that any conflict may be avoided by configuration.
Regarding the conflicts configured PUSCH, it is proposed to reuse Rel.15 behavior as much as possible, i.e. repetition is not transmitted if conflicts with dynamic DL symbols, except the first transmission after Type 2 activation, and where same handling as for dynamic PUSCH is applied.
Proposal 3
· For option 6, for dynamic PUSCH
· For semi-static DL symbol(s), it is not expected that the resource allocation has conflict with semi-static DL symbol(s)
· For option 6, for configured 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 dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH

3.2 Frequency hopping
When single segment is mapped to one slot, there is no need/justification to deviate from the already available intra- and inter- slot hopping which may be directly applied. When two (or more) segments are mapped to one slot, the intra-slot FH rules can be applied with modification. The modification may be needed when the segments have different length, where it is better to move FH boundary to the boundary between segments.
Proposal 4
· Support both inter-slot and intra-slot FH with two hops (two frequency positions) for PUSCH with more than one repetition within a slot
· When two or more segments are mapped to one slot, the intra-slot FH boundary is moved to the boundary between segments

3.3 TBS determination
When PUSCH transmission is composed from repetitions of relatively small segments and/or unequal segments, the currently specified procedure of TBS determination using initial transmission may not provide optimal performance due to modulation and/or LDPC base graph mismatch. As it can be seen in the appendix section (see Figure 2), for the optimal performance, a longer total PUSCH transmission should be assumed when determining TBS/MCS.
This may be done by proper TBS scaling or PUSCH duration scaling, e.g. as scaling = min(Nslot, Ntotal) / Nfirst, where Nslot, Ntotal, and Nfirst are number of symbols in a slot, total PUSCH duration (excluding any gaps between repetitions), and first segment duration respectively.
Proposal 5
· Use the first segment duration for TBS determination and introduce scaling for TBS determination procedure as a function of the first segment, total duration, and slot duration

Even if TBS is scaled, the RV cycling sequence may need to be optimized for a given combination of segments. For example, obviously if for a combination of 8+4 the RV sequence {0,2} provides best performance, then for a combination of 4+8 the RV sequence {2,0} should also provide best performance. This may be seen in LLS results provided in the appendix section (see Figure 1). However, such a sequence is currently not available. Therefore, it is proposed to introduce more RV cycling sequences to cover all possible combinations of splitting the total PUSCH into smaller segments.
Observation 2
· Due to unequal PUSCH durations possible with enhanced repetitions, conventional RV cycling sequences do not provide optimal performance
· It should be possible to schedule RV2 followed by RV0 to optimize cases when a first segment is shorter than a second segment

Proposal 6
· Introduce support of all permutations of the RV sequences {0,2,3,1}

3.4 Applicability to configured grants
Option 6 is equally applicable to configured grants as other options. When periodicity is not less than one slot, there is no issue with any option since no recalculation of the starting symbol from SLIV is applied.
However, when periodicity is configured to less than one slot, current MAC specification assumes that the starting symbol provided by SLIV is recalculated so that more than one position in a slot is possible. It should be stressed, that it is currently prohibited to configure PUSCH spanning more than one period.
For option 6, when recalculation of the starting position is applied, it should be applied to all SLIVs associated with a TDRA entry with a restriction so that the transmission does not cross slot boundary.

4 Conclusions
In this contribution, we discussed enhancements to PUSCH to enable one dynamic/configured grant scheduling more than one PUSCH in a slot or across slots. The following proposals and observations are made based on the presented analysis:
Observation 1
· Option 4 lacks of mechanisms of skipping important UL symbols (PUCCH, SRS, transients, RX-TX switching gap, etc)
· It is envisioned that additional mechanisms to skip UL symbols in option 4 may overcomplicate NR specification and UE/gNB implementation
· Option 4 lacks of reliable mechanisms to use dynamic UL symbols
Proposal 1
· Support option 6 for enhanced PUSCH repetitions
Proposal 2
· For option 6, the following TDRA table functionality is introduced
· More than one SLIV is signaled in one table entry, where each SLIV is explicitly mapped to the slot pointed by K2 or to other slot
· A total number of repetitions is associated with each table entry
· FFS as a number of SLIVs or as a separate number
· Maximum TDRA table size is increased up to 64 entries
Proposal 3
· For option 6, for dynamic PUSCH
· For semi-static DL symbol(s), it is not expected that the resource allocation has conflict with semi-static DL symbol(s)
· For option 6, for configured 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 dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH
Proposal 4
· Support both inter-slot and intra-slot FH with two hops (two frequency positions) for PUSCH with more than one repetition within a slot
· When two or more segments are mapped to one slot, the intra-slot FH boundary is moved to the boundary between segments
Proposal 5
· Use the first segment duration for TBS determination and introduce scaling for TBS determination procedure as a function of the first segment, total duration, and slot duration
Observation 2
· Due to unequal PUSCH durations possible with enhanced repetitions, conventional RV cycling sequences do not provide optimal performance
· It should be possible to schedule RV2 followed by RV0 to optimize cases when a first segment is shorter than a second segment
[bookmark: _GoBack]Proposal 6
· Introduce support of all permutations of the RV sequences {0,2,3,1}
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Appendix – Evaluation of RV Sequences and TBS Determination
In this section, first, LLS evaluation of different RV sequences when applied to a combination of segments of different duration, where the first segment is 4 symbols, and the second segment is 8 symbols are presented (see Figure 1). The LLS assumptions are listed in table below.
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[bookmark: _Ref7808958]Figure 1. BLER vs SNR for different RV sequences when total PUSCH is split onto 4 + 8 symbols.

Second, LLS evaluation of different TBS determination schemes when applied to a combination of segments of different duration, where the first segment is 4 symbols, and the second segment is 8 symbols are presented (see Figure 2):
· Based on total duration (12 symbols)
· Based on bigger segment (8 symbols)
· Based on smaller segment (4 symbols)
[image: ]
[bookmark: _Ref7808969]Figure 2. BLER vs SNR for different TBS determination approached for PUSCH split onto 4 + 8 symbols.

	Parameter
	
	Value

	Carrier Frequency
	
	4 GHz

	BW, SCS
	
	40 MHz, 30 kHz

	Allocation
	
	16 RB

	Antenna
	
	1 x 4, low correlation

	DMRS
	
	Type B mapping, 1 symbol in beginning of every repetition; one additional symbol in case of single repetition

	MCS
	
	TBS determination follows first segment. 
TBS1 = 504 bit
TBS2 = 2088 bit

	Channel
	
	TDL-C 300 ns DS
10 Hz max Doppler shift

	Channel Est
	
	MMSE with 2 RB bundling size
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