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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In Rel-16 URLLC enhancement scope, PUSCH improvements for further improved reliability/latency are identified [1]
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
In RAN1#94bis meeting, PSUCH enhancements for URLLC are discussed and the following agreements are achieved[2]:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
In this contribution, we share our view on PUSCH enhancements for URLLC.
2. PUSCH enhancements
In Rel-15, PUSCH repetitions across multiple slots with one PUSCH opportunity in each slot is supported, which is beneficial for cell-edge or power-limited UEs. In URLLC, PUSCH repetition is an effective way to improve reliability. Considering stringent latency constraint for URLLC, non-slot based PUSCH transmission may be the baseline transmission scheme. Therefore, non-slot based PUSCH repetitions within one slot should be supported to provide multiple transmission opportunities in one slot. 
Meanwhile, to ensure the number of configured/indicated repetitions, non-slot PUSCH repetitions across slots is meaningful. The flexible slot formats are supported in NR, which leads to limited UL symbol number in a slot. On the other hand, when traffic arrives, the available UL resources of a slot may not be enough to transmit all the repetitions. Taken figure 1 as an example, only three repetitions can be transmitted in slot n in the case of total repetitions of four. Therefore, non-slot PUSCH repetitions across slots should be supported. 


Figure 1. Repetitions across slot boundary
Proposal 1: For non-slot based transmission, repetition transmissions within/across slot(s) should be supported for latency reduction.
2.1. Frequency hopping 
Frequency hopping is a way to improve reliability since it can provide frequency diversity gain. In Rel-15, inter-slot and intra-slot frequency hopping are supported for slot-level scheduling. For URLLC, one transmission lasts less time-domain duration. Channel varying among the repetitions is not obvious. There is no large difference between frequency hopping per transmission and across repetitions. On the other hand, frequency hopping within each transmission can lead to the additional overhead. For example, for a transmission with two symbols duration, DMRS can only occur in the first symbol. When frequency hopping enabled, DMRS should occur in each hop. Furthermore, frequency hopping across repetitions is in some sense equivalent to intra-slot hopping for slot-based transmission. Therefore, frequency hopping across repetitions can be considered for URLLC. 
Proposal 2: For non-slot based repetition transmission, frequency hopping across repetitions can be considered for URLLC.
For frequency hopping, the following methods can be considered for hopping boundary determination
· Alt1: hopping point determination bases on the number of repetitions.
· Alt2: RRC configures the set of hopping point and DCI indicates the applied hopping point.
For Alt 1, the hopping point is almost at the middle of repetitions. The first hop can include floor (N/2) or ceil (N/2) transmissions, in which N expresses the number of repetitions. For repetitions within one slot, the hopping is equivalent to intra-slot hopping. The boundary of slot can also be taken as hopping point. In this case inter slot frequency hopping is performed. Actually, current frequency hopping manners are all reused for this method. DMRS overhead is less than frequency hopping per transmission. Channel estimation performance does not decrease as above analysed.     
For Alt 2, hopping point can be indicated flexibly by network. Resource multiplexing among UEs can be easily performed from system perspective. The additional signalling is required and new field can be introduced in DCI format.  
Proposal 3: For hopping point determination of repetitions, the following alternatives can be considered. 
· Alt1: hopping point determination bases on the number of repetitions.
· Alt2: RRC configures the set of hopping point and DCI indicates the applied hopping point.
2.2. Time-domain resources determination of repetitions 
For repetition transmission, time resource allocation of each transmission should be aware by UE. Time resource allocation of each repetition can be indicated or configured. However, much signalling overhead is required. Considering signalling overhead, the combination of explicit and implicit resource determination can be applied. For instance, the time resource allocation of first transmission can be indicated by DCI and the time resource of subsequent repetitions is derived based on the number of transmission and slot format. The existing time domain indication in DCI can be reused.   
Proposal 4: For the time-domain resource determination for non-slot based PUSCH repetition:
· Time resource allocation of first transmission is indicated by DCI and the time resource of subsequent repetitions is derived by the number of transmissions and slot format.
The flexible slot format is supported in NR and slot format can change frequently, even slot by slot. For a slot, the available flexible and UL symbols is known by slot format at UE side. UE can assume that all available RRC configured flexible and UL symbols can be used for repetition transmission unless changed by dynamic SFI. When one repetition transmission instance collides with to DL symbols, flexible symbols indicated by dynamic SFI, the repetition should be postponed as shown in Figure 1. On the other hand, if the contiguous UL symbols are not sufficient for carrying one repetition transmission instance, UE should also postpone the repetition instance to the next available resource, as shown in Figure 2.    
From the latency reduction perspective, the postponement should base on symbol level, e.g. symbol by symbol. Considering traffic validity, time interval between the starting symbol of the first transmission and ending symbol of last transmission should be within a predefined time window. If postponement exceeds the time window, the remaining repetition instances should be dropped. 
Proposal 5: Postponement of repetition transmission instance should be allowed within a predefined time window, due to conflict transmission direction.


[bookmark: _Ref525744159]Figure 2. Time domain resource determination of non-slot PUSCH repetitions based on slot format
2.3. DMRS sharing in repetitions
In Rel-15, each slot level PUSCH repetition uses with same DMRS configuration. In Rel-16, for contiguous repetition of non-slot based PUSCH, it would be beneficial to consider DMRS sharing among the adjacent repetitions to reduce DMRS overhead. Taking 1-symbol or 2-symbol PUSCH as an example shown in Figure 3, it can be found that the existing DMRS mapping results in very heavy DMRS overhead. In most cases, the channel does not vary symbol by symbol thus reducing some DMRS symbols by appropriate DMRS sharing would have no much impact to the channel estimation accuracy. 
[image: ]
Figure 3. Example for non-slot repetition in contiguous manner
Considering the issue of phase continuity and channel estimation requirement, it is natural that DMRS sharing can only adopted for contiguous non-slot based repetitions. That is, if two non-slot based repetitions are partitioned by semi-static or dynamic configured DL symbols, or slot boundary, or is with frequency hopping, DMRS sharing can not be adopted, as shown in Figure 4. 
[image: ]
Figure 4. DMRS sharing for non-slot repetitions within a slot/hop
Proposal 6: DMRS sharing in non-slot repetitions should be further studied based on the following considerations.
· DMRS sharing can only be adopted for contiguous repetitions without frequency hopping.
2.4. Early termination of PUSCH repetitions
For PUSCH repetitions, if decoded correctly, gNB can transmits an indication to cancel subsequent repetition to reduce redundant transmission. This can improve resource utilization efficiency and reduce unnecessary interference. UL cancelation indication mechanism can also be applied for this case, e.g. gNB transmits a DCI to cancel the remaining repetition instances. UL cancelation indication is under discussion in UL inter UE multiplexing section. The similar signaling design and UE behavior can be considered The details can be found in our companion contribution [3].   
Proposal 7: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.
3. Conclusion
In the contribution, we have some investigations on URLLC PUSCH enhancement, and propose that,
Proposal 1: For non-slot based transmission, repetition transmissions within/across slot(s) should be supported for latency reduction.
Proposal 2: For non-slot based repetition transmission within a slot, frequency hopping across repetitions can be considered for URLLC.
[bookmark: _GoBack]Proposal 3: For hopping point determination of repetitions, the following alternatives can be considered. 
· Alt1: hopping point determination bases on the number of repetitions.
· Alt2: RRC configures the set of hopping point and DCI indicates the applied hopping point.
Proposal 4: For the time-domain resource determination for non-slot based PUSCH repetition:
· Time resource allocation of first transmission is indicated by DCI and the time resource of subsequent repetitions is derived by the number of transmissions and slot format.
Proposal 5: Postponement of repetition transmission instance should be allowed within a predefined time window, due to conflict transmission direction.
Proposal 6: DMRS sharing in non-slot repetitions should be further studied based on the following considerations.
· DMRS sharing can only be adopted for contiguous repetitions without frequency hopping.
Proposal 7: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.
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