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Introduction
[bookmark: _GoBack]In RAN#80 plenary meeting a new SI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed [1]. One of the identified objectives of this SI is to study the physical layer enhancements for URLLC:
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

In RAN1 meeting #94b [2], the following agreement related to physical layer enhancements for PUSCH was achieved:

Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.

In the offline discussions in RAN1#94b [3], the potential benefits of mini-slot level repetition were extensively discussed and the following proposal was the outcome of that discussion however no agreement was achieved.

Proposal 4-1: For enhanced grant-based PUSCH transmission, study
· Whether/how to support mini-slot based repetitions within a slot and/or across the slot boundary
· Repetition pattern
· Option 1: Contiguous repetitions 
· Option 2: Non-contiguous repetitions  
· Frequency hopping
· Indication of the number of repetitions
· Indication of slot-based repetition and/or mini-slot based repetition 
· Handling repetitions when UL occasion is not available including interaction with slot format determination.
· Other mechanisms are not precluded
· Study the benefits of mini-slot based repetition taking into account: 
· Whether the lowest spectral efficiency can be achieved based on Rel-15 MCS table?
· Whether 1e-6 BLER target can be achieved by Rel-15 MCS table?
In this document, we discuss our views on the potential physical layer enhancements for PUSCH.
1 Mini-slot based repetition
Based on the offline discussions in RAN1#94bis, the main proposal related to the PUSCH physical layer enhancement is related to mini-slot repetition (as shown in Figure 1). This would be an enhancement to the existing R15 slot-based repetition where a TB is transmitted across multiple consecutive slots applying the same symbol allocation in each slot and the redundancy version to be applied on the nth transmission occasion of the TB is determined according to a prespecified table and possibly together with a RV index indicated by the DCI scheduling the PUSCH in case of the grant-based transmission.



[bookmark: _Ref528740732]Figure 1: R15 slot-based repetition vs mini-slot based repetition for PUSCH
The motivation for introducing mini-slot repetition is two-fold:
· Latency: It is an established fact that for certain numerologies (e.g., the baseline 15kHz SCS), the slot-level repetition cannot be used for the use cases with the low latency requirement of 1 msec. Therefore, enabling the mini-slot repetition is a relatively straightforward enhancement to achieve higher reliability in the latency-bound requirement of packets defined for R16 URLLC applications. In fact, since the same resource allocation is used in every slot for slot-level-repetition, in case the PUSCH allocation is at the end of a given slot, the UE need to wait for the same resources at the end of the next slots for UL transmission which could potentially exceed the latency-bound requirement. 
· Reliability: One of the contentious areas during the offline discussion was whether the mini-slot based repetition can provide any benefit in terms of reliability compared to a longer PUSCH allocation (as shown in Figure 2). Some of the arguments against the mini-slot repetition for reliability are that a longer PUSCH allocation automatically provides a lower coding rate which in turn provides a better performance. Besides, in case of intra-slot hopping, the current R15 PUSCH design could capture the channel frequency diversity.


[bookmark: _Ref528741115]Figure 2: Longer duration PUSCH vs mini-slot based repetition  
Some arguments in support of mini-slot repetition for higher reliability are:
· Channel coding: For small packet sizes both long PUSCH and mini-slot repetition provide a relatively similar coding gain as both will effectively use a low MCS with repetition coding. 
· DMRS overhead: Slot-based approach has slightly lower DMRS overhead compared to the mini-slot repetition as long as the mini-slot repetition is using more than two repetitions (noting that a separate DMRS is needed for each hop for the intra-slot hopping in R15 PUSCH design). However, the mini-slot based scheme with more than two repetitions provides a larger diversity gain when it is combined with hopping.
· [bookmark: _Hlk528914387]Frequency hopping for diversity gain: Intra-slot hopping for PUSCH was introduced in R15 to harness the frequency diversity within the active BWP. However, the NR intra-slot hopping is currently limited to one hop within a slot, while the mini-slot repetition can practically utilize multiple hops within a slot assuming a mini-slot with two or four OFDM symbol length (As shown in Figure 3: Mini-slot repetition within a slot with frequency hopping). Therefore, the mini-slot hopping has the potential to harness more frequency diversity in the dispersive channels. 


[bookmark: _Ref521499284][bookmark: _Ref528914515]Figure 3: Mini-slot repetition within a slot with frequency hopping
· Frequency hopping for interference randomization: For UL configured grant, as the overloading factor increases, the performance of PUSCH is substantially impacted due to the collision between the UL GF transmissions. Mini-slot repetition has the potential to further randomize the interference for UL data transmission and enhance the reliability in the overloaded systems.
Based on the above discussion, we believe is it is beneficial to support mini-slot repetitions in R16. 

Proposal 1: NR Rel-16 should support mini-slot based repetitions within a slot.
[bookmark: _Hlk528591222]The next question is whether the mini-slot based repetitions should be limited to within a slot or also be extended to cross the slot boundary (As shown in Figure 4). From the configured UL grant perspective, in order to ensure k repetitions, there may be the need to enable mini-slot based repetitions across the slot boundary to achieve the target reliability requirement. However, certain supporting mechanism may be needed once the repetition crosses the slot boundary which implies more specification impact. For example, whether the mini-slot repetitions across multiple slots should have the same duration and starting symbols could potentially need additional considerations. 


[bookmark: _Ref528742012]Figure 4: Mini-slot based repetition cross the slot boundary vs within the slot for PUSCH
Proposal 2: NR Rel-16 should support mini-slot based repetitions across the slot boundary.

Given that both PUSCH and PDSCH in R15 follow the same design principle, it would be beneficial if the mini-slot based repetition to be extended to PDSCH with minimum effort.
2 Power control aspect
[bookmark: _Hlk528853345]Another aspect that needs to be enhanced for PUSCH carrying URLLC traffic is power control. Currently, NR Rel-15 supports a single power control configuration for both eMBB and URLLC type of services. Given the different reliability requirements between URLLC Rel-16 and eMBB (e.g. some of the use cases may require a BLER target of 10-6), a UE could be configured with power control parameters (e.g. P0, alpha) specific to ultra-reliable traffic in order to increase the transmission power of URLLC uplink related transmissions and consequently increase the reliability. As we mentioned in our companion contribution [4], a UE can dynamically determine the reliability requirements of the scheduled transmission e.g. by having an association between a CORESET/search space and the reliability requirement. 

Given the above, to support eMBB and URLLC separately from the perspective of power control, the following two proposals are made:
Proposal 3: Support configuration of up to two sets of power control parameters to support eMBB and URLLC separately. FFS what parameters can be configured for each set. FFS if applicable also when SRI is configured.
Proposal 4: Support dynamically scheduled transmission-specific set of power control parameters e.g., by DCI indication of the set applicable to the transmission. FFS if applicable also when SRI is configured.
Summary

[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]In this contribution, some potential physical layer enhancements for PUSCH were discussed. The following proposals were made:

Proposal 1: NR Rel-16 should support mini-slot based repetitions within a slot.
Proposal 2: NR Rel-16 should support mini-slot based repetitions across the slot boundary.
Proposal 3: Support configuration of up to two sets of power control parameters to support eMBB and URLLC separately. FFS what parameters can be configured for each set. FFS if applicable also when SRI is configured.
Proposal 4: Support dynamically scheduled transmission-specific set of power control parameters e.g., by DCI indication of the set applicable to the transmission. FFS if applicable also when SRI is configured.
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