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1 
Introduction
In the RAN1#91 meeting it was agreed to have an email discussion on candidate techniques enabling URLLC for LTE. Related to PUSCH enhancements the email discussion summary [1] contains discussion and conclusions on UL SPS enhancements, blind/HARQ-less repetition of PUSCH, introduction of lower MCS, spatial/frequency diversity enhancements, introduction of lower MCS and various other issues.
In this contribution our views on PUSCH enhancements for URLLC are discussed.
2 
Discussion
2.1 SPS transmission enhancements
SR procedure and dynamic scheduling create delays to the UL-SCH transmissions. Delays could be reduced by enhancing the SPS operation or by introduction of grant-less (GUL) or autonomous UL (AUL) transmission scheme. There are many issues like UL skipping, combining repetition to UL SPS, HARQ operation etc. that need to be considered but SPS/GUL/AUL type of operation is needed to reduce latency of the UL-SCH. The conclusion in the email discussion [1] was that there is broad consensus, that UL SPS with UL skipping is to be regarded as an integral part of the UL URLLC operation.
Proposal 1: UL SPS/GUL/AUL reliability enhancements are introduced to support UL URLLC.
2.2. Blind or HARQ-less repetition of PUSCH
In order to improve reliability of URLLC PUSCH, enhancements to the power control, introduction of lower MCS or repetition of transmission can be considered. Our view is that blind or HARQ-less repetition is the best way to enhance URLLC PUSCH. Related to dynamically scheduled transmissions, the number of repetitions could be indicated in the DCI. In the case of SPS transmission, the number of repetitions can be included in the higher layer configuration or it can be included in the activation DCI. Based on the email discussion [1] it seems that all the companies suggest the support of blind/HARQ-less PUSCH repetition at least for UL SPS operation.
Proposal 2: Blind/HARQ-less operation is supported for both SPS and dynamically scheduled PUSCH transmissions.
2.3 Lower MCS for URLLC
As discussed in our URLLC PDSCH contribution [2] , blind repetition and lower MCS support are basically different ways to decrease the coding rate. It should be noted that UE power limitation should be considered when enhancements to URLLC PUSCH transmissions are studied. Lower MCS means that more resource blocks need to be allocated for the PUSCH and the Tx power per resource block is lower when UE is power limited. Performance evaluations are needed to show if performance benefits can be achieved with lower MCS.
Proposal 3: Introduction of lower MCS can be considered if benefits can be shown in simulations.
2.4 Power control enhancements

In typical URLLC scenarios, performance of PUSCH is the weakest of all the channels. It can be assumed that in many cases UE is power limited when transmitting URLLC PUSCH, so modifications that increase URLLC PUSCH power are not going to enhance performance, if UE is already power limited. However, it might beneficial that network can control interference levels generated by eMBB and URLLC traffic independently. Because of this, separate power control loop URLLC PUSCH could be beneficial.

Proposal 4: Introduction of separate power control loop for URLLC PUSCH can be considered.
2.5 Other enhancements

Repetition of 1-symbol PUSCH: We think that studies should focus on the existing TTI lengths. Moreover, as shown in the shorter TTI WI, the UL interleaving over the available PUSCH symbols provides some nice gains which is definitely needed when targeting highly reliable communication. As discussed in our URLLC PDSCH contribution [2] introduction of 1-symbol sTTI would require major changes to the current HARQ-Ack reporting scheme.
Introduction of new spatial/frequency diversity schemes for PUSCH: We think that the current diversity schemes are the starting point. We assume that study and specification of new schemes would require quite a lot of time and considering the short time available, we propose that new diversity schemes are not studied for URLLC PUSCH in Rel-15.

Proposal 5: 1-symbol sTTI or new PUSCH diversity schemes are not introduced in Rel-15.
3
Conclusions

In this contribution, we have discussed issues related to URLLC PUSCH. We have the following proposals:
Proposal 1: UL SPS/GUL/AUL reliability enhancements are introduced to support UL URLLC.

Proposal 2: Blind/HARQ-less operation is supported for both SPS and dynamically scheduled PUSCH transmissions.
Proposal 3: Introduction of lower MCS can be considered if benefits can be shown in simulations.
Proposal 4: Introduction of separate power control loop for URLLC PUSCH can be considered.

Proposal 5: 1-symbol sTTI or new PUSCH diversity schemes are not introduced in Rel-15.
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