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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:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
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]-[5].
2 Dynamic PUSCH repetitions
One of the solutions to improve tradeoff between latency and reliability and overall scheduling flexibility considering current slotted frame structure in NR is to enable dynamic aggregation of PUSCH transmissions. Although current PUSCH duration is already quite flexible and could be from 1 symbol to 14 or 12 symbols (for NCP and ECP respectively), it cannot accommodate the cases when relatively short transmission comparable to slot or less than a slot starts in the middle of one slot and ends in another slot. This situation is illustrated in Figure 1, where typical transmission is fitted into one slot (top part of the figure), while enhanced transmission may be achieved by aggregation of two in different slots (bottom part of the figure). It should be noted, that it may also be done by sending two grants, however it may cause large control overhead which may lead to UE blocking. Another benefit of supporting repetitions at the “mini-slot-level” is that it allows for early decoding at the receiver, as against a PUSCH that is rate-matched over an equivalent number of symbols. For UL, this can facilitate attaining low latency targets inherent for most URLLC services.
In order to support this, the DCI should somehow carry the indication of repetition factor (including no repetition). This field may either be explicitly added or may be re-interpreted from other field (e.g. RV).
When the repetitions are scheduled, they may be performed in two ways:
· Type A. Slot-based repetitions, i.e. the same time domain allocation may be used in repeated slots, in particular the starting symbol, duration of PUSCH, and PUSCH mapping type in each slot in an aggregation are the same and derived from the time domain resource allocation field of the DCI scheduling PUSCH or activating Type 2 CG-PUSCH.
· Type B. Back-to-back repetitions, i.e. the starting symbol of repetitions other than initial one is derived based on ending symbol of the previous repetition or based on other rule/indication so that repetitions may even be performed within one slot or with minimum/no gap in different slots as illustrated in Figure 1.
Both types are valid and beneficial for URLLC use cases and therefore may need to be supported together. The type of repetitions is easier to associate with an entry of time domain resource allocation table so that once DCI indicates particular index, a UE derives the repetition type for PUSCH.



[bookmark: _Ref521571831]Figure 1. Illustration of back-to-back repetitions indicated dynamically (bottom figure) vs. separate DCI for each retransmission without crossing slot boundary (top figure).
As a further generalized approach to handling dynamic repetitions and crossing slot boundary, repetition specific resource allocation can be considered. In particular, a UE may be provided with separate resource allocation for the initial transmission and a retransmission so that they are not repeated in the same position in neighboring slots but the position of the second repetition may be optimized in order to meet latency bounds (see Figure 2). Also in this case, there is no need for implicit rules to calculate position of repetitions that provides more flexibility to the gNB in handling the scheduling of such PUSCH transmission. This is further explained in our companion paper [2].


[bookmark: _Ref528919799]Figure 2. Generalized resource allocation with repetition-specific TDRA.

The proposed alternative is also evaluated in the way to show that keeping single-shot transmission within a slot is fundamentally better than doing mini-slot repetitions. For that purpose, a simple setup with 14-symbol single-shot transmission and 7-symbol two shot transmission and frequency hopping applied is taken into consideration. The results are showed in Figure 3, the link level evaluation assumptions are given in appendix section.
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[bookmark: _Ref528946924]Figure 3. BLER vs SNR, single PUSCH vs. two PUSCH within a slot.
As it can be seen from the results, there is no motivation in terms of performance to do repetitions of mini-slots within a slot. Instead, it is better to encode the TB in a single PUSCH transmission with intra-slot frequency hopping applied if needed.
Proposal 1:
· Support dynamic indication of PUSCH repetitions in scheduling grant and activation DCI
· Support repetition specific time domain resource allocation
3 Frequency hopping across BWPs
Assuming that URLLC use cases comprise a diverse set of requirement where latency may not be so low rather in order of 5-10 ms, it is be beneficial to introduce hopping between BWPs configured to a UE although it does not mean they need to be simultaneously active. Such situation may happen when UE RF bandwidth is substantially smaller than the system BW while channel coherency bandwidth may still be large. In that case, especially if Rel-16 UEs may support much shorter retuning gaps for BWP change, hopping to other BWP may provide additional frequency diversity gain. 


[bookmark: _Ref521580258]Figure 4. Inter-BWP hopping for repetitions.

The inter-BWP hopping may be done similar to inter-slot hopping and may involve only two BWPs that would already provide gains with the minimum impact. 
Proposal 2:
· Study further the benefits of introducing inter-BWP frequency hopping including potentially shorter UL BWP switching times
4 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 3:
· 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.
5 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:
Proposal 1:
· Support dynamic indication of PUSCH repetitions in scheduling grant and activation DCI
· Support repetition specific time domain resource allocation
Proposal 2:
· Study further the benefits of introducing inter-BWP frequency hopping including potentially shorter UL BWP switching times
[bookmark: _GoBack]Proposal 3:
· 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
	
	41 RB

	Antenna
	
	1 x 2, low correlation

	DMRS
	
	Type B mapping, 1 symbol in beginning of every 7 symbols, 3 dB boosting

	MCS
	
	MCS#7 from 64 QAM Low SE table (QPSK, CR 0.15) for the case of 14 symbols
Same TBS, modulation for 7 symbols
TBS 2024 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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