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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:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· 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
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots



In this contribution, potential enhancements to PUSCH are discussed assuming new prioritized use cases for eURLLC. Discussion on other topics for eURLLC enhancements can be found in our companion contributions [1]-[7].
2 Dynamic PUSCH repetitions
In the last meeting, it was agreed to study further PUSCH repetition enhancements that provide possibility to schedule transmission of a given length regardless of slot boundary. The three identified options are discussed one-by-one in this section:
· 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, there may be 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.
· Enhanced mini-slot repetitions in different slots
· 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. In 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.
· Out-of-order PUSCH scheduling
· Under certain conditions this scheme may provide results PUSCH transmission of both first and second options above. The substantial difference is that it requires more than one PDCCH to be sent as well as requires changes in UE processing timeline. Given that it is concerned with additional DL overhead and UE processing changes, it is not recommended for further consideration.



[bookmark: _Ref521571831]Figure 1. Illustration of enhanced PUSCH repetition options.

Observation 1
· Among the considered PUSCH repetition options, one UL grant scheduling repetitions in different slots with different TDRA has least impact on UE operations comparing to Rel.15
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 (6 symbols), 3 (4 symbols), 4 (3 symbols). Denoted as scheme ‘x’ where x is the number of repetitions. Single DMRS symbol per repetition is applied.
· Frequency hopping:
· Not applied (schemes ‘a’)
· Applied (schemes ‘b’). 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.
· TRP assumption:
· Singe TRP, i.e. channel is contiguous between repetitions
· Two TRP, channel is uncorrelated between repetitions. The repetitions are divided onto two groups with different channel
· Channel model
· TDL-A, 30 ns
· TDL-C, 300 ns
The results are combined into Figure 2 and Figure 3 without frequency hopping and with frequency hopping respectively.
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	[bookmark: _Ref528946924]Figure 2. BLER vs SNR, no frequency hopping
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	[bookmark: _Ref535015818]Figure 3. BLER vs SNR, frequency hopping applied.



Observation 2
· In case of single TRP assumption, 1 and 2 repetitions with and w/o hopping outperform other repetitions schemes.
· In case of two TRP assumption, 2 repetitions outperform other schemes.

From the results it can be concluded that one or two repetitions outperform larger number of repetitions (under fixed total duration) in most of the cases. In case of two TRP, the two repetitions is the best choice, which may be realized by switching TRP in different slots using the second option for enhanced repetitions.
Proposal 1:
· Support dynamic indication of PUSCH repetitions in scheduling grant and activation DCI
· Support 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

3 TBS Scaling
It is also envisioned, that currently possible lowest modulation and coding rate may not provide single-shot BLER performance for new URLLC use cases, for example requiring packet error rate of 10-6 or lower. In order to provide forward compatible mechanism which may allow to achieve any value of low SE, instead of introducing new MCS tables, a mechanism of TBS scaling may be needed.
There is currently already a mechanism of TBS scaling for the initial access procedures messages which may be extended to user plane PUSCH (and PDSCH as well) transmission.
Proposal 2:
· Consider the mechanism of TBS scaling for PUSCH data transmission if currently available lowest SE MCS entries do not achieve the BLER required for the new use cases.
4 Conclusions
In this contribution, we discussed general enhancements to PUSCH to support new URLLC use cases. The following proposals are made based on the presented analysis:
Observation 1
· Among the considered PUSCH repetition options, one UL grant scheduling repetitions in different slots with different TDRA has least impact on UE operations comparing to Rel.15
Observation 2
· In case of single TRP assumption, 1 and 2 repetitions with and w/o hopping outperform other repetitions schemes.
· In case of two TRP assumption, 2 repetitions outperform other schemes.

Proposal 1:
· Support dynamic indication of PUSCH repetitions in scheduling grant and activation DCI
· Support 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
Proposal 2:
· Consider the mechanism of TBS scaling for PUSCH data transmission if currently available lowest SE MCS entries do not achieve the BLER required for the new use cases.
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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 2, low correlation

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

	MCS
	
	MCS 7,14, 21, 27 from 64 QAM table for 1,2,3,4 repetitions respectively
TBS 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

	Noise Cov mtx est
	
	Perfect
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