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1 Introduction
In this contribution, we analyze remaining details of enhanced PUSCH repetitions and provide solutions to them.
2 Issues
2.1 Invalid symbols configuration when SFI is not configured
Current agreements and implemented specifications enable the invalid symbols pattern only if SFI is configured, i.e. in case of dynamic TDD operation. In the same time, most effect from this mechanism is expected to handle scheduling of other UL signals and channels, together with UEs scheduled to transmit PUSCH repetition type B, regardless of whether dynamic TDD is configured.
There is a simple fix to that, i.e. remove dependence of invalid symbols pattern activation on SFI, as in the following text proposal to TS 38.214, Section 6.1.2.1.
	------------------------------------- Text proposal starts for TS 38.214, Section 6.1.2.1 ----------------------------------
…
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	[If a UE is configured with higher layer parameter SlotFormatInficator, the]A UE may be configured with the higher layer parameter InvalidSymbolPattern, which provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit value equal to 1 in the symbol level…
------------------------------------- Text proposal ends for TS 38.214, Section 6.1.2.1 -----------------------------------



Proposal 1
· For PUSCH repetition type B, allow configuration of InvalidSymbolPattern regardless of whether SFI is configured

2.2 Limit on number of actual repetitions within a slot
There is an FFS on whether to introduce any limit on number of actual repetitions within a slot. It was well studied in past, that under the same total duration assumption, the smaller the segment the worse the performance. In summary, the following arguments to limit the number of actual repetitions within a slot to e.g. 2 can be expressed:
· Performance: it was observed that larger segments lead to better performance mainly because of channel coding considerations [1]. Most of the diversity can be extracted with 2 segments under realistic overhead assumptions (e.g. for transient/retuning time).
· UE complexity: typical UE implementation supporting intra-UE frequency hopping assumes one transient period within PUSCH. If the limitation is adopted, the same implementation can be reused. Note, if a UE is capable of Rel.15 “multiple PUSCH transmission within a slot”, more than 2 segments should be possible under Rel.15 implementation.
· Test complexity: if such unjustified combinations of number of actual repetitions within a slot are restricted, there will be less efforts for defining reasonable test cases.
Considering the above arguments, the following is proposed.

Proposal 2
· A UE does not expect scheduling of more than 2 actual PUSCH repetitions within a slot

If the above restriction is not introduced, at least the number of actual repetitions within a slot should be subject to UE capability, similar to Rel.15 support of multiple PUSCH within a slot.

2.3 Length of actual repetitions
The number of symbols in an actual repetition as well as in a nominal repetition needs to be considered. One example is whether to allow 1 symbol PUSCH nominal/actual repetition. Obviously, effectiveness of such an extremely short transmission is questionable given the excessive DMRS overhead. On the other hand, it may be useful to allow such configurations e.g. for unlicensed operation purposes where any created gap can lead to the need to perform additional LBT.
The following options to handle 1-symbol segments are considered:
· Allow 1-symbol actual repetitions w/o special handling, except DFT-s-OFDM waveform case
· Disallow 1-symbol actual repetitions
· Opt A – handled by gNB scheduling, thus a UE does not expect such configurations
· Opt B – handled by a UE, i.e. a UE drops 1-symbol repetitions
There could be other simpler restrictions to relax 1-symbol problem case. For example, it can be disallowed to schedule a transmission longer than 1-symbol starting from the last symbol of a slot.

Proposal 3
· [bookmark: _Hlk32271629]A UE is not expected to be configured with PUSCH repetition type B with 1-symbols nominal repetition length and more than 1 nominal repetition
· When configured with DFT-s-OFDM, a UE is not expected to be scheduled with nominal PUSCH duration of 1-symbol
· When configured with DFT-s-OFDM, a UE is not expected to be scheduled with PUSCH repetition type B TDRA resulting in 1-symbol actual PUSCH

2.4 Details of frequency hopping
	Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH



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
· For frequency hopping applied to PUSCH repetition type B within a slot
· If the number of actual repetitions within a slot is 1, and N is the number of symbols in the actual repetition, intra-PUSCH hopping is applied same way as Rel.15 intra-slot hopping
· floor(N/2) symbols of the actual repetition are in first hop, and ceil(N/2) symbols of the actual repetition are in the second hop
· If the number of actual repetitions within a slot is M > 1, then
· First group of floor(M/2) contiguous actual repetitions are in first hop, and second group of ceil(M/2) contiguous actual repetitions are in the second hop

3 Conclusions
In this contribution, we discussed remaining issues of enhanced PUSCH repetitions:

Proposal 1
· For PUSCH repetition type B, allow configuration of InvalidSymbolPattern regardless of whether SFI is configured
	------------------------------------- Text proposal starts for TS 38.214, Section 6.1.2.1 ----------------------------------
…
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	[If a UE is configured with higher layer parameter SlotFormatInficator, the]A UE may be configured with the higher layer parameter InvalidSymbolPattern, which provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit value equal to 1 in the symbol level…
------------------------------------- Text proposal ends for TS 38.214, Section 6.1.2.1 -----------------------------------



Proposal 2
· A UE does not expect scheduling of more than 2 actual PUSCH repetitions within a slot

Proposal 3
· A UE is not expected to be configured with PUSCH repetition type B with 1-symbols nominal repetition length and more than 1 nominal repetition
· When configured with DFT-s-OFDM, a UE is not expected to be scheduled with nominal PUSCH duration of 1-symbol
· When configured with DFT-s-OFDM, a UE is not expected to be scheduled with PUSCH repetition type B TDRA resulting in 1-symbol actual PUSCH

Proposal 4
· For frequency hopping applied to PUSCH repetition type B within a slot
· If the number of actual repetitions within a slot is 1, and N is the number of symbols in the actual repetition, intra-PUSCH hopping is applied same way as Rel.15 intra-slot hopping
· floor(N/2) symbols of the actual repetition are in first hop, and ceil(N/2) symbols of the actual repetition are in the second hop
· If the number of actual repetitions within a slot is M > 1, then
· First group of floor(M/2) contiguous actual repetitions are in first hop, and second group of ceil(M/2) contiguous actual repetitions are in the second hop
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