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Introduction
[bookmark: _Ref378529477]In RAN #80, a new study item on Physical layer enhancements for NR URLLC was approved.  The objective of the study item is to investigate different URLLC L1 improvements to further improve reliability/latency. In the RAN1#94 meeting, the following agreements were made.
Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered

Agreement: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded
Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded

In RAN1#95, the following agreements are made


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 provide detailed analysis of enhancements to PUSCH on Option 1. 
PUSCH Enhancements for NR URLLC
As describe above, we prefer one UL grant scheduling two or more PUSCH repetitions within a slot. In our view, the packet size of NR URLLC applications will be very small.  Hence the time domain and frequency domain allocations will be small. However our focus mainly on increasing the reliability of PUSCH, we propose to use repetitions within a slot.  However, rather than repeating the same resources for each repeated data, the resources can be different there by providing the diversity gain in addition to the power gain.   For example as shown in Figure 1, the PUSCH data is repeated 4 times within a slot. 
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Figure 1 An example depicting how the data is repeated over multiple time-frequency resources for PUSCH
Note that this scheme provides minimum gain of 10log (N), where N is the number of repetitions within a slot.   Note that this scheme is similar to frequency hopping of Release 15 with two modifications.
· Frequency hopping length is reduced
· Number of frequency hopping blocks is increased to more than 2

Since it is well known that frequency hopping provides gains, we expect the proposed scheme provides significant gains to the existing Release 15 PUSCH. 

However, for the system to work, we need few enhancements in the downlink control channel especially indicating the number of repetitions and the time-frequency resource allocations. Note that since the NR-URLLC reliability is impacted by the size of the PDCCH, we recommend RAN1 to study schemes with reduced size (preferably with DCI format 0-0) and at the same time providing mini slot frequency hopping as described in Figure 1.   For example, the gNB can pre-determine the number of repetitions and indicate using RRC signaling, while without increasing the payload of PDCCH. 

 
Hence we propose

Proposal 1:  RAN1 should support enhanced frequency hopping for mini slots

[bookmark: _GoBack]Proposal 2:  RAN1 should study mechanism to support PUSCH enhancements at the same time without increasing the payload of PDCCH 
 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on PUSCH enhancements for NR URLLC.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  RAN1 should support enhanced frequency hopping for mini slots

Proposal 2:  RAN1 should study mechanism to support PUSCH enhancements at the same time without increasing the payload of PDCCH
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