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1	Introduction
The URLLC L1 study item was approved in RAN#80, and the SID was further updated in RAN1#81 [1].  
L1 improvements is one of the objectives in the SID noted as:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· 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 this contribution we focus on scheduled PUSCH repetition enhancements indicated above. Although the SI scope clearly mentions PUSCH enhancements, the intended repetition enhancements should be equally applicable to PDSCH repetition. This is a modified resubmission of R1-1810669, trying to address some of the issues raised in offline & online discussions during RAN1#94bis.

2	Discussion on PUSCH (& PDSCH) repetition enhancements
[bookmark: _Toc415085486][bookmark: _Toc503902285]Blind/HARQ-less PDSCH/PUSCH repetition is supported for NR through configuring the UE with aggregationFactorDL and aggregationFactorUL. 
The higher-layer configured aggregation factor is to be applied to all scheduled PDSCH/PUSCH transmissions independently of the specific data to be transmitted (i.e. independently if data of URLLC or MBB services is to be transmitted). This is clearly inefficient from resource usage point of view, as the gNB may need to configure the repetition/aggregation to achieve the target reliability of the URLLC service, and then needs to schedule eMBB traffic for the same UE with the configured repetition (even though repetition would not be needed for eMBB operation) which is clearly a waste of precious DL-SCH resources. But even in case of URLLC traffic only, depending on the size of the URLLC data packet, the gNB may be able to transmit smaller data packets with low MCS in a single shot manner whereas for larger data packets (requiring potentially higher MCS due to the resource limitations in a TTI) the repetition is required. 
Another rather limiting factor of the current NR design in terms of blind/HARQ-less repetition is, that the repetition is limited to one transmission per slot. Specifically, when thinking of small data packets and delay critical services, even when scheduling with mini-slot type of time-domain resource allocation for scheduled PDSCH/PUSCH (i.e. a small number of scheduled symbols such as 1, 2 or 4), the overall transmission including the repetitions stretches over several slots. Especially for small SCS such as 15kHz this will result in long delays for the URLLC traffic due to the long transmission window spanning several slots. This limitation has been widely recognized and for configured grant operation to overcome this limitation is specifically mentioned in the SID [1]: 
Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)

These current limitations can be summarized in the following observation: 
Observation: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of the repetition periodicity affecting the achievable latency and (dynamic) repetition flexibility affecting the overall NR efficiency. 
During RAN1#94bis, some companies pointed out that the Rel-15 ‘new MCS’ table should be sufficient to enable ultra-reliable scheduled PUSCH operation and therefore, supporting scheduled PUSCH mini-slot repetition within a slot in Rel-16 would not be required from performance point of view. 
We do agree, that for small(est) packets sizes enabling a single-shot mini-slot transmission with the lowest MCS such repetition enhancement may not be needed. But for larger (but still small packet sizes) this may not be feasible as e.g. for SC-FDMA with 2 symbol TTI length you can only fit 0.7 information bits / PRB with the lowest MCS taking the DM-RS overhead into account. 
Considering this limitation, basically 3 different options can be considered:
(i) a longer transmission duration (i.e. number of symbols) with the low(est) MCS to fit the intended application packet size,
(ii) packet segmentation to split the application packet in small enough data packets to be able to operate with mini-slot length and the lowest MCS, and 
(iii) applying higher MCS together with mini-slot repetition. 
We think that especially for small packet sizes the packet segmentation of (ii) is the worst of the three options, as this will in addition increase the higher layer overhead. Comparing a longer TTI length of (i) and a shorter (mini-slot) TTI length with mini-slot repetition of (iii) it can be noted, that the mini-slot repetition can reduce the latency as the gNB may be able to correctly decode the data packet early/already before the last repetition. In contrast for the longer TTI length of (i), the gNB will basically need to wait till the end of the TTI before being able to have the decoding completed of the HARQ process. Therefore, the mini-slot repetition can improve the latency of URLLC operation considering ultra-low reliability also with small packet sizes. 
Therefore, we see a need to enhance repetition operation of scheduled blind/HARQ-less PDSCH/PUSCH repetition to overcome (at least) these basic limitations. 
We are supportive of mini-slot repetitions for UL configured grant transmissions as noted in our companion contribution [3] and think such enhancement should also be possible for scheduled blind/HARQ-less repetition. For LTE HRLLC, blind/HARQ-less repetition of shorter TTI (i.e. the NR mini-slot equivalent) within a subframe is already supported resulting in lower latency of LTE Rel-15 blind-HARQ less PDSCH/PUSCH operation compared to Rel-15 NR for the 15kHz SCS. 
Proposal 1: Support scheduling based blind/HARQ-less repetition for PDSCH/PUSCH within a slot in Rel-16 (in addition to repetition across slots of Rel-15 NR). Details are FFS. 

The issues of scheduled blind/HARQ-less PUSCH repetition within a slot in terms of supported FH modes as well as the issue of PUSCH repetition across the slot boundary are the same as for the related CG PUSCH enhancements. We therefore would like to refer the interested reader to our discussion on these two specific topics in our companion contribution [3], where we propose to support Inter-PUSCH repetition FH (& Inter-slot FH) as well as supporting repetition across the slot boundary (with details being FFS). 
For LTE, the specification of sTTI blind/HARQ-less SCH repetition within a subframe has been a rather simple task (compared to NR) as LTE is largely operating with a fixed frame structure including a fixed definition of a shorter TTI (sPDSCH/sPUSCH) within a subframe. In contrast, NR supports a rather flexible frame structure setup and the term of a mini-slot/non-slot based PDSCH/PUSCH transmission is more related to the dynamic time-domain resource allocation of PDSCH/PUSCH defined by the start S and length L<<14. The definition of mini-slot repetition in consecutive mini-slots (of equal length) would be rather simple to specify as the start of the k-th transmission is given by S(k)=SDCI+(k-1)*L, where SDCI is the starting symbol offset indicated in the time-domain resource allocation in the scheduling DCI. 
Consecutive mini-slot repetition can be of course applied with the fixed, RRC configured repetition/ aggregation factor. But there, as the number of repetitions is fixed, depending on the starting point of the transmission the repetitions may continue after change from DL phase to UL phase (and vice versa). For blind/HARQ-less PDSCH repetition the HARQ-Ack is only to be reported after the last repetition by the UE. In contrast, when supporting the dynamic indication of the repetition factor (as for LTE URLLC) the gNB can dynamically use a smaller repetition factor that lasts only to the end of the DL phase, which can create immediate HARQ-Ack reporting for PDSCH in the following UL phase. 
We show an example of such operation in Figure 1, where due to the timing of the data arrival the gNB will only schedule K=3 total PDSCH transmissions before the end of the first DL period, followed by further HARQ retransmission in the next DL period (having received NACK from the UE). In case Ack is received from the UE, the gNB may not schedule any further repetitions which enables a kind of ‘early termination’ mechanism for scheduled blind/HARQ-less PDSCH/PUSCH repetition which would not be possible with the fixed, RRC configured repetition factor. The same operation is equally applicable for scheduled blind/HARQ-less PUSCH repetition, where based on PUSCH decoding outcome the gNB may or may not schedule further PUSCH repetitions for the next UL phase any more. As shown also in Figure 1, the dynamic repetition indication further enables a different number of transmissions to be applied for each of the scheduled transmission instances (i.e. for the initial & HARQ-based/decoding-based re-transmission data bursts). 
[image: ]
Figure 1: Increased scheduling & frame-structure flexibility for blind/HARQ-less PDSCH repetition 
within a slot with the support of dynamic repetition number indication in the scheduling DCI.
[bookmark: _Hlk521526491]Such advantages in flexibility & efficiency have also been recognized in the design of HRLLC for LTE in Rel-15, where a dynamic PDSCH repetition indication in the DL assignment is supported. For LTE blind/HARQ-less PDSCH repetition, when configured, a 2bit repetition field is included in the DL assignment where the number of indicated total number of transmissions k can be configured to be either from the set {1,2,3,4} or {1,2,4,6}. 
As also discussed in our companion contribution with respect to combined PDCCH&PUSCH as well as PDCCH&PDSCH reliability with PDCCH repetition [2], we think that this scheduling flexibility of LTE in terms of blind/HARQ-less shared channel would clearly also help the operational efficiency of URLLC for NR. The size of the repetition field in the scheduling DCI could be either fixed to 2bits (as in case of LTE) or configurable, and the entries referenced by the repetition field could be configurable (similarly as in LTE).
As the dynamic indication of the blind repetition is improving the reliability (as noted in [2]), efficiency and flexibility (discussed in this contribution), we repeat here the related proposal on the related support in [2] for completeness:
Proposal 2: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 
· FFS: size of bit field in the scheduling DCI, addressable repetition numbers

3	Conclusions
In this contribution, we discussed enhancements to scheduled blind/HARQ-less PUSCH (& PDSCH) repetition for NR URLLC. 
As discussions in this contribution, the following can be noted: 
Observation: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of the repetition periodicity affecting the achievable latency and (dynamic) repetition flexibility affecting the overall NR efficiency. 
Based on the related discussions, the following proposals are made: 
· Proposal 1: Support scheduling based blind/HARQ-less repetition for PDSCH/PUSCH within a slot in Rel-16 (in addition to repetition across slots of Rel-15 NR). Details are FFS. 
· Proposal 2: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 
· FFS: size of bit field in the scheduling DCI, addressable repetition numbers
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