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1. Introduction
In the RAN1 #94bis and 95 meeting, following agreements were achieved related to the URLLC PUSCH transmission [1] – [2]:
	Agreements:
· one PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH

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, we share our views on PUSCH enhancements for URLLC.

2. PUSCH enhancements 
As agreed in the last meeting, there are three options to support the PUSCH repetitions scheduled by dynamic grant. 
· Option 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Option 2: 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
· Option 3: 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.
Option 3 is similar as Option 2; the difference is that the Option 3 allows multiple UL grants e.g. PDCCH repetitions to schedule multiple repetitions, although DL overhead is increased, the reliability of the scheduling information is improved. If PDCCH repetition is supported, same mechanism should be used for both DL assignments and UL grants as discussed in our companion contribution [3]. In terms of the repetition construction, there is no difference between option 2 and option 3. Therefore, in the following, we mainly focus on the PUSCH repetition construction, provide our detailed analysis for option 1 and option 2.
In Rel.15 URLLC, two solutions to realize lower coding rate are specified: (1) new MCS table for lower coding rate and (2) PDSCH/PUSCH repetitions across slots (also called as slot-aggregation), while the time-domain resource allocation is the same for each repetition within each slot. For the same transport block size, as long as the code rate is sufficiently low, lower MCS and repetition offers similar performance gain. However, according to Rel.15 mechanism, PDSCH/PUSCH repetition across slots is not well suited for URLLC use-cases; since the repetition is performed such that same start/length for each slot is repeated across slots (see Fig. 1), by increasing repetition factor, the latency increases. Therefore, option 1 and option 2 are proposed to enhance the repetition construction so that the repetitions are not limited to the same start/length across slots, as shown in Fig. 2 (a) and Fig. 2 (b).
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Fig. 1	Rel.15 PUSCH repetition mechanism
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(a) Repetition Option 1                                        (c) Repetition Option 2
Fig. 2	Rel.16 PUSCH repetition enhancements.
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(a) DMRS sharing for 2ed repetition                                        (b) Additional DMRS for single long TTI
Fig. 3	Two variants for PUSCH repetition option 2
Option 2 supports mini-slot repetitions only when the slot boundary is going to be crossed. That means whether mini-slot repetition is applied or single longer transmission is performed depends on when the traffic comes. However, especially for aperiodic and non-deterministic traffic, a gNB cannot control whether to apply mini-slot repetition or not and the gNB always needs to prepare for the mini-slot repetitions and ensure that the PUSCH can achieve the URLLC requirement when mini-slot repetition is performed as seen in Fig. 2 (b) when the traffic comes in the second sub-slot. In this case, the repetition construction is the same as option 1. To maintain the benefit of option 2, less DMRS overhead should be enabled. One solution is to allow the second repetition to share the DMRS with the first repetition as shown in Fig. 3 (a). However, cross-slot DMRS sharing requires stable power, stable resource allocation, no frequency hopping, across all the UL-CCs where the RF components are shared (e.g., intra-band CA), and across slots, which is further restrictive compared to DMRS sharing within one slot. Besides, for option 2, if additional DMRS is configured on a longer PUSCH transmission to achieve good channel estimation accuracy which is necessary especially for low code rate, the option 2 becomes equivalent to option 1.
For option 1, many benefits have been identified [4]; lower processing time for gNB’s receiver since by enabling repetitions within shorter time window, gNB can successfully decode the packets after the first and the second repetitions, lower data rate than what is defined in Rel.15 low SE MCS table, etc. The most remarkable benefit for option 1 from our point of view is that it can be combined with precoder/QCL (or SRI)-cycling across repetitions within a shorter time window so that macroscopic/microscopic spatial diversity gain can be obtained and BLER performance is improved for URLLC scenario as illustrated in Fig. 4. 
Fig. 5 briefly introduces performance benefit of precoder/QCL (or SRI)-cycling across PUSCH repetitions. For 30GHz, both with blockage and without blockage are evaluated. Here, the TB of size 256 bits is delivered by either 8-symbol PUSCH or 2 times repeated 4-symbol PUSCH. For fair comparison, the number of PUSCH PRBs is fixed between with and without repetitions; as a consequence, MCS indexes (code rates) are different.
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Fig. 4	PUSCH repetitions with precoder/QCL (or SRI)-cycling.
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Fig. 5	PUSCH BLER performances 
As can be seen by the results, repetitions with precoder/QCL (or SRI)-cycling offers extra diversity gain and provides significant gain especially at lower BLER operating point for both 4GHz and 30GHz. For 30GHz, blockage degrades performance a lot; however, it can be significantly improved by repetitions over multiple TRPs; for a PUSCH with 36 RBs, repetitions with multiple TRPs can reduce required SNR for BLER = 10-6 more than 15 dB. This shows the effectiveness of the precoder/QCL (or SRI)-cycling across PUSCH repetitions. In [6], further evaluations and investigations for URLLC at 30GHz carrier frequency are provided. Based on above simulation results, we can conclude that PUSCH repetitions within a short time window is necessary for Rel.16 URLLC. Also, PUSCH repetitions should be enabled over multiple-TRPs which is cover by Rel.16 MIMO WI [7]. Our proposals on repetitions over multiple TRPs from MIMO operation point of view are further provided in [8].
In summary, the actual benefits for option 2 are not seen compared to option 1. Rather option 1 is applicable to all the cases and should be supported.
Proposal 1:
· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Support PUSCH repetitions with precoder/QCL (or SRI)-cycling across repetitions.

For PUSCH repetitions within one slot, frequency hopping for the repetitions should also be further discussed. There are two options: 
Option 1: the hopping is performed over each repetition.
Option 2: the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot.
To achieve efficient resource management and frequency hopping gain, option 2 is preferred.
[bookmark: OLE_LINK5]Time-domain resource allocation for mini-slot based repetitions needs to be studied. It was agreed that one PUSCH transmission instance is not allowed to cross the slot boundary. Keep this in mind, two options can be considered for time-domain resource allocation for mini-slot based repetitions.
Option 1: each repetition has same transmission length.
Since one slot consists of 14 symbols, only 1-symbol PUSCH with repetition factor K of 4, 2-symbol PUSCH with K of 7 and 7-symbol PUSCH with K of 2 can be efficiently filled in one slot. For other transmission durations and repetition factors, additional issue needs to be addressed is in case the remaining resource/symbols within one slot is not enough for one repetition.
Option 2: repetitions can have different transmission length.
This option adopts similar concepts in LTE HRLLC that repetition patterns within one slot for certain TTI length can be defined. For example, in case of 4-symbol PUSCH with repetition factor of 4, pattern of {4,3,3,4} within one slot can be defined and DMRS sharing can be studied together. 
Proposal 2:
· Study further detailed options of following for PUSCH repetition and capture the options in the TR.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain resource allocation, 
· Option 1: each repetition has same transmission length.
· Option 2: each repetition can have different transmission length.
  
3. Conclusion
In this contribution, we discuss the PUSCH enhancements for URLLC and following is proposed:
Proposal 1:
· Support one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· Support PUSCH repetitions with precoder/QCL (or SRI)-cycling across repetitions.
Proposal 2:
· Study further detailed options of following for PUSCH repetition and capture the options in the TR.
· Frequency-hopping
· E.g., the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceiling (N/2) where N is the number of repetitions within a slot
· Time-domain resource allocation, 
· Option 1: each repetition has same transmission length.
· Option 2: each repetition can have different transmission length.
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Appendix: Simulation assumptions
Table: Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz
	30GHz

	Sub-carrier Spacing
	30kHz
	120KHz

	Bandwidth
	106 RBs
	66RBs

	Waveform
	CP-OFDM

	DMRS configuration
	DMRS configuration type 1
PDSCH mapping type B

	Channel Model
	TDL-C, Delay spread 100 ns, UE spread 3 km/h
	CDL-A DS 20ns with/without blockage, UE spread 3 km/h

	gNB antenna configuration
	4Rx
	2Rx

	UE antenna configuration
	2Tx
	2Tx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal

	Repetitions
	8-symbol PUSCH without repetition
4-symbol PUSCH with two repetitions

	RV 
	For 8-symbol PUSCH, RV=0
For 4-symbol PUSCH, RV =[0, 2] with soft combining
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Rel.15 PUSCH repetition across slots (repetition factor K = 4)
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