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1. Introduction 

In RAN1#94bis we agreed on the following on layer 1 enhancements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
This contribution further discusses enhancements on PUSCH for URLLC.  This contribution is a revised from R1-1810639.

2. Discussions
The two aspects of URLLC are to improve reliability and reduce latency.  For reliability, mini-slot repetition has been considered in previous meetings [1].  One of the discussion points is on PUSCH repetitions across slot boundaries.  The whole purpose of repetition is to improve reliability and if PUSCH repetitions are not allowed to cross slot boundaries then transmissions that start towards the end of the slot will not have sufficient PUSCH repetitions to meet the reliability, which defeats the purpose of repetition.
Proposal 1: PUSCH mini-slot repetitions can cross slot boundaries.

It is noted that PUSCH repetition can be contiguous or non-contiguous at the boundary region since some of the symbols may not be suitable for PUSCH.  In eMTC, the concept of invalid and valid subframes was introduced, where repetitions of a physical channel only occurs at valid subframes.  A similar concept can be used for PUSCH repetitions such that within a slot, we define which symbols or pair of symbols (for mini-slots) can be used for PUSCH transmission in each slot and so only those symbols that are deemed valid can be used for PUSCH repetitions.  An example is shown in Figure 1, where a PUSCH with 4× repetition is scheduled at the 2nd last mini-slot of Slot n, which would lead to the PUSCH repetitions crossing the slot boundary and continuing into Slot n+1.  Here, the PUSCH repetitions occur only in valid mini-slots, and so the duration of the PUSCH takes 6 mini-slots since 2 of these mini-slots are invalid.
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Figure 1: Valid and invalid mini-slots for PUSCH repetitions

Proposal 2: Introduce valid OFDM symbols for PUSCH transmission such that PUSCH repetitions occur only in valid OFDMY symbols.
The number of PUSCH repetitions can be signalled dynamically to the UE, i.e. in the UL grant.  For a UE that is capable of both eMBB and URLLC, it is beneficial that the UE can distinguish an UL grant for eMBB and URLLC since eMBB PUSCH may not support mini-slot repetitions.  One way to distinguish this is to use different RNTI’s for eMBB and URLLC DCIs, e.g. a scheme similar to that used to distinguish different MCS Tables where a MCS-RNTI is used to switch between MCS tables in the UL/DL grants.  Apart from repetitions, different power control schemes may also be used for eMBB and URLLC transmissions, e.g. a power offset can be applied for URLLC transmission to boost its power.

Proposal 3: The number of PUSCH repetitions is indicated dynamically in the UL grant.

Proposal 4: PUSCH for eMBB and URLLC traffic types are scheduled using different UL grants, which can be distinguished by different RNTI.
In a typical grant based (dynamic grant) PUSCH transmission, the UE firstly sends an SR to the gNB indicating that it has uplink data and the gNB would respond with an UL grant.  There is an “N2” delay between receiving the UL grant and transmitting the PUSCH, since the UE needs to decode this UL grant and process the TB for PUSCH transmission.  Latency is introduced in each of these steps.  One way to reduce this latency is for the UE to indicate the uplink resources that it intends to use for the PUSCH in an enhanced SR (eSR) [2].  This indication can be an index to a set of pre-configured uplink resources, i.e. the UE just indicates which of these pre-configured resources it intends to use.  An example is shown in Figure 2, where upon receiving this eSR, the gNB transmits a compact DCI approving the uplink resource request from the UE.  As noted in [2], this compact DCI can be just a single bit to indicate whether it approves or not approves the requested resources. This compact DCI can be highly reliable and can be processed much faster than a Release-15 DCI.  The UE can also prepare for the PUSCH TB after transmitting the eSR and hence it can pre-process the PUSCH for faster transmission.  That is the processing delay between receiving the DCI and transmitting the PUSCH (NURLLC) can be much faster than N2.
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Figure 2: eSR indicating uplink resources for PUSCH transmission
Proposal 5: Consider indicating the uplink resources for PUSCH transmission in an enhanced SR for URLLC.

3. Conclusion

In this contribution we discuss some Layer 1 enhancement on PUSCH to support URLLC.  We propose the following:
Proposal 1: PUSCH mini-slot repetitions can cross slot boundaries.

Proposal 2: Introduce valid OFDM symbols for PUSCH transmission such that PUSCH repetitions occur only in valid OFDMY symbols.

Proposal 3: The number of PUSCH repetitions is indicated dynamically in the UL grant.

Proposal 4: PUSCH for eMBB and URLLC traffic types are scheduled using different UL grants, which can be distinguished by different RNTI.

Proposal 5: Consider indicating the uplink resources for PUSCH transmission in an enhanced SR for URLLC.
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