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1 Introduction
In this contribution we discuss further details of general PUSCH related enhancements based on the agreements made last time:
	Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first 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
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “multi-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.



In this contribution, we further analyze the two above-mentioned options regarding support of enhanced repetitions. This discussion also relates to enhancements to configured grant PUSCH [1].
2 Discussion
PUSCH mini-slot repetitions within a slot and in different slots
This scheme was previously mainly discussed in context of configured grant transmissions. The main idea is to populate short PUSCH transmissions within a slot and in the next available slot in order to achieve the needed total duration without mapping single PUSCH across slot boundary. 
Note that such scheme is different from Rel.15 design where repetitions are only mapped to different slots, therefore it would require reconsideration of several major aspects: DMRS design, intra-slot frequency hopping, rule for repetition mapping, and so on. Moreover, this approach would incur non-negligible overhead from increased number of transient periods. According to TS 38.101, it is usually of length 10 us and absorbed by either different PUSCH equally (5 us each), or by a gap symbols or by longer PUSCH if coincides with short PUSCH/PUCCH. Considering URLLC reliability coupled with very tight latency requirements, such loss in resources due to transient periods can have a significant detrimental effect on achievable performance.
Regarding increased DMRS overhead, there are multiple proposals to consider DMRS sharing. However, the whole principle and benefits of mini-slot repetitions is then inconsistent since in this case the mini-slots w/o DMRS cannot be different by frequency location and/or precoding parameters and therefore cannot extract the main benefit of improved diversity comparing to the multi-segment transmission.
Multi-segment transmission
This scheme was motivated by an underlining assumption to keep PUSCH structure within a slot same as in Rel.15 in order to reuse UE implementation as much as possible. At the same time, it may provide the needed effect of crossing slot boundary if repetition behavior is enhanced in a way that starting symbol (and length in some cases) of non-initial repetitions is different from the initial repetition.



[bookmark: _Ref521571831]Figure 1. Illustration of enhanced PUSCH repetition options.
There are few open aspects regarding design of multi-segment transmission which are discussed one-by-one:
· Time-domain allocation:
· In our view, the clearest approach is to define more than one SLIV corresponding to a single entry in the TDRA table. For example, if two-segment transmission is needed to be mapped to consecutive slots, first SLIV-1 indicates TDRA in the first slot and the second SLIV-2 indicates TDRA in the next slot. The benefit of separate indication comes when there is a need to skip some symbols in the end of the first slot (e.g. SRS, PUCCH) and/or in the beginning of next slot (e.g. DL symbols). Alternatively, implicit rules for skipping intermediate symbols based on information from higher-layer or L1 configuration may also work. However, considering scheduling flexibility and need for a robust design (e.g., against dynamic SFI or other DCI formats being missed, etc.), it would still be preferable to have explicit indication of SLIV of both segments. Thus, the implicit rule-based determination of segments based on a single SLIV may only be determined based on information from semi-static configurations.
· Extension to more than two segments may be realized either by configuring more than two SLIV or having a limited number of different SLIV which then may be picked using modulo operation.
· In case of multiple UL periods within a slot, the different SLIVs may still be mapped to the same slot w/o implicit derivation of two segments from a single SLIV.
· 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.
· TBS determination
· TBS determination may follow the first segment. This approach works in most of the typical use cases requiring enhanced repetitions and provides comparable performance to the option of determining TBS based on the overall allocation (over multiple segments) as confirmed in the evaluation section.

Proposal 1:
· Support multi-segment PUSCH transmission
· Each segment is configured by a separate SLIV in the higher layer-configured table that can be indicated using the TDRA bit-field in the DCI.
· Whether the segments are mapped to different slots or to the same slot can be realized with appropriate configuration of SLIV(s) in the higher layer-configured table that can be indicated using the TDRA bit-field in the DCI.

3 LLS Based Comparison
Moreover, mini-slot repetitions and repetitions in different slots are also compared by link level evaluation below. The following key assumptions are made:
· Resource size: 12 symbols in total, 16 PRB
· Number of repetitions: 1 (12 symbols), 2 (see below), 3 (4 symbols), 4 (3 symbols). Single DMRS symbol per repetition is applied.
· For the case of 2 repetitions, three different splitting schemes are evaluated:
· 6+6 symbols
· 4+8 symbols
· 8+4 symbols
· Frequency hopping:
· Either not applied
· Or applied. In case of one transmission, intra-slot frequency hopping is applied. Frequency hopping offset is maximized in 40 MHz depending on number of repetitions in order to extract maximum diversity.
· Channel model
· TDL-A, 30 ns
· TDL-C, 300 ns
The results are combined into Figure 2 and Figure 3 for low code rate (TBS = 504 bit) and moderate code rate (TBS = 2088 bit) respectively.
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	[bookmark: _Ref528946924]Figure 2. BLER vs SNR, TBS 504.
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	[bookmark: _Ref535015818]Figure 3. BLER vs SNR, TBS 2088



From the results the following can be concluded.
Observation 1:
· One or two repetitions outperform larger number of repetitions (under fixed total duration) in most of the cases. 
· Even in case of unequal split on two parts, two-segment transmission outperforms other scenarios of more than two shorter repetitions.

4 Conclusions
In this contribution, we discussed general enhancements to PUSCH to support new URLLC use cases. The following proposals and observations are made based on the presented analysis:
Observation 1:
· One or two repetitions outperform larger number of repetitions (under fixed total duration) in most of the cases. 
· Even in case of unequal split on two parts, two-segment transmission outperforms other scenarios of more than two shorter repetitions.

Proposal 1:
· Support multi-segment PUSCH transmission
· Each segment is configured by a separate SLIV in the higher layer-configured table that can be indicated using the TDRA bit-field in the DCI.
· [bookmark: _GoBack]Whether the segments are mapped to different slots or to the same slot can be realized with appropriate configuration of SLIV(s) in the higher layer-configured table that can be indicated using the TDRA bit-field in the DCI.
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Appendix – LLS Evaluation Assumptions
	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-A 30 ns DS
TDL-C 300 ns DS
10 Hz max Doppler shift

	Channel Est
	
	MMSE with 2 RB bundling size
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