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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].  
PUSCH enhancements 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
· [bookmark: _Hlk386544]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)
 
At RAN1#95, the following decision with respect to this URLLC enhancement area has been made to enable a single UL-SCH data packet to be transmitted in consecutive available slots: 
Agreements:
Support at least one of the following for one TB:
1. One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
2. 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
3. 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.
4. FFS the definition of available slots
 
Regarding the 3 options, the following was further agreed in RAN1-AH-1901 (ad hc in Jan 2019):
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)

Agreements:
At least for scheduled PUSCH, for the option “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” (also called as “twomulti-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)

Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.

It was also the consensus in RAN1 that the discussion for dynamically scheduled PUSCH and configured grant PUSCH should be done jointly.
In this contribution, we focus on two different aspects here: 
1. PUSCH TB transmission across the slot boundary in Sec. 2 (cmp. RAN1-AH-1901 agreements above)
2. Dynamic PUSCH (and PDSCH) repetition enhancements in Sec. 3
In detail, Section 2 contains new discussion based on the RAN1-AH-1901 agreements, whereas the underlying enhancement idea in Sec. 3 is based on our previous contribution R1-1900929.

2	Cross-slot boundary PUSCH operation
In this section, we focus on the comparison between “mini-slot based repetitions” and “multi-segment transmission” as defined in RAN1-AH-1901 agreements, covering dynamically scheduled PUSCH and configured grant. The principle of these two options are illustrated in Figure 1, assuming a PUSCH transmission of a total 12 UL symbols, with 9 symbols in the first slot followed by 3 symbols in the next slot. Both options can fulfil the PUSCH transmission of a single TB across the slot boundary, and they can be applied to both dynamically scheduled PUSCH and configured grant to support cross-slot-boundary transmission.
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Figure 1: Example of operation principle of “mini-slot based repetitions” and
“multi-segment transmission”
When considering mini-slot based repetition and multi-segment transmission for crossing the slot boundary, the following major aspects have been brought up in previous meetings and need consideration: 
· Diversity (FH/precoder cycling) gain versus DM-RS overhead
· Orphan symbol usage with mini-slot based repetition
· Starting symbol in the next available slot
· TBS determination
· Scheduling aspects (for scheduled PUSCH) / Configuration aspects (for scheduled and CG PUSCH) 

2.1 Diversity versus DM-RS overhead
One of the arguments is that with mini-slot based repetitions it will be possible to provide more frequency diversity (through frequency hopping) as well as potentially spatial diversity (through UL precoder cycling), whereas for the multi-segment transmission this will be more limited but may result in lower DM-RS overhead.
Below, we focus our discussions on FH but for each ‘hop’ discussed below, the UE may in addition to FH also support precoder cycling, or the UE may perform precoder cycling without having FH. 
Regarding FH, the following has been agreed for the two options:
	… “mini-slot based repetitions”…
· …
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2

… “multi-segment transmission”…
· …
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes




To evaluate the effect of additional DM-RS overhead versus diversity performance, we performed link level simulations for the 4GHz case for the same resource utilization but with varying diversity and DM-RS overhead. Three different transmission modes are considered (illustrated in Figure 2): 
· Mode 1: Mini-slot based repetition: K=4 and L=3 (i.e. RDDRDDRDDRDD – 4 DMRS / 8 PUSCH symbols) using RV sequence {0,2,3,1} and 4 frequency hops
· Mode 2: Multi-segment transmission with 2 segments: K=2 and L=6 (i.e. RDDDDDRDDDDD – 2 DM-RS / 10 PUSCH symbols) using RV sequence {0,3} and 2 frequency hops
· Mode 3: Single PUSCH / segment: K=1 and L=12 (RDDDDDRDDDDD – 2 DM-RS / 10 PUSCH symbols) having a single coded block transmitted with RV0 and no FH 
· Here K is the number of repetitions/segments, and L is the duration of each repetition/segment.


Figure 2. Illustration of 3 transmission modes for simulations
To see the effect, we fix the data payload size to 288bits and vary the frequency domain assignment of 46 PRBs, 8 PRBs and 3PRBs which results in MCS of about ~MCS0, MCS7 and MCS26 for Mode 3 / single transmission. The summary of the related assumptions is shown in the Table 1 below. 
	
	Mode 1
Mini-slot repetition
	Mode 2
2 segments
	Mode 3
Single transmission

	Sequence
	RDD|RDD|RDD|RDD
RV{0,3,2,1}, 4 hops
	RDDDDD|RDDDDD
RV{0,3}, 2 hops
	RDDDDDRDDDDD
RV0, no hop 

	Frequency hopping sequence
	46 PRB: [1 61 1 61]
8 PRB: [1 69 35 103]
3 PRB: [1 69 35 103]
	46 PRB: [1 61]
8 PRB: [1 61]
3 PRB: [1 61]
	No

	Evaluation setup
	4GHz, 40MHz, 30kHz SCS, TDL-C 100ns, 4RX

	PUSCH payload size
	288bits (fixed for all Modes & ‘MCS’/PRB allocations)


Table 1: PUSCH evaluation assumptions for the different transmission modes
The resulting performance for the different transmission modes of varying repetition and f-diversity combination is shown in Figure 3. 

[image: ]
Figure 3: BLER performance of performance of different PUSCH modes 
with varying number of repetitions and frequency hops
Looking at the performance numbers here in Figure 3, the following can be noted: 
· For all MCSs / f-domain resource allocations, the performance of Mode 3 (solid lines) without any frequency hopping is the worst. Therefore, we may conclude that some kind of frequency diversity / hopping would be good to have. 
· For lowest MCS/wideband transmission (46 PRBs), the 2 hops / segments outperform the 4 hops / repetitions as the frequency diversity is already limited in here (i.e. within 40MHz not possible to have more than two non-overlapping allocations of 46PRBs) and the additional DM-RS overhead of Mode 1 (4 DM-RS) compared to Mode 2 (2 DM-RS) deteriorates the performance. 
Therefore, for wideband allocations with high reliability two frequency hops (repetitions / segments) outperform mini-slot based repetition with a higher number of repetitions / frequency hops.
· For higher MCS / more narrowband transmissions (8 PRBs / 3 PRBs), the more diversity the better the performance as these allocations are rather narrow. Therefore, for narrowband allocations with high reliability it is of advantage to operate with mini-slot based repetition with a larger number of repetitions / frequency hops. 
We would like to note here, that for multi-segment transmission operation the two frequency hops assumed in Mode 2 evaluation could be enabled by intra-slot FH operation if the allocation is limited to a single slot, whereas for the cross-slot operation inter-slot frequency hopping could be applied creating independent f-hops for each of the two transmission segments across the slot boundary.  
We summarize these performance evaluations as:
Observation 2-1: The optimal number of frequency hops (and related number of segments / repetitions)  depends on the allocated bandwidth. 
· For wideband allocations needed for cell edge UEs, two frequency hops with 2 DM-RS symbols (2 transmission segments) clearly outperform mini-slot based repetition with K>2 (and K DM-RS symbols).
· For narrowband allocations, the mini-slot based repetition with K>2 outperforms the 2 segment transmission due to the additional diversity. 

2.2 Usage of orphan symbols with mini-slot based repetition
One of identified issues of mini-slot based repetition is related to orphan symbols. Depending on the starting point of the overall transmission duration of the TB, the number of available UL symbols in a slot may not be a multiple of the mini-slot length and there may be some orphan symbols left.  
In [2], it is assumed that only PUSCH transmission/repetitions with the configured number of PUSCH symbols are performed, potentially leaving some orphan PUSCH symbols in an UL period of a slot unused for PUSCH repetition operation, noted with Alt. 1 here. This will guarantee the number of repetitions with the guaranteed number of PUSCH symbols in each transmission but may lead to inefficient PUSCH resource usage, as it will be hard to reuse the empty orphan PUSCH symbols for anything else. To reduce this effect, one could think of also using the remaining (orphan) PUSCH symbols for PUSCH repetition operation. If a reasonably large number of PUSCH symbols (compared to the configured PUSCH length) is available, the last mini-slot repetitions could be a shortened PUSCH transmission which we denote here with Alt. 2. Alternatively, the orphan symbols could be added to the last mini-slot and thereby created a longer PUSCH duration for the last mini-slot within the slot. The difference between these three operation modes is illustrated in Fig. 4, where a PUSCH length of 4 symbols is assumed (as in the discussion & figures of [2]). 
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Figure 4: Alternatives for the last (orphan) PUSCH symbols in an UL period of a slot 

We clearly think leaving the orphan symbols empty (as in Alt. 1) is the least compelling option as compared to e.g. Alt. 3 (having the same latency / overall time-span) less PUSCH symbols are used (leading to lower reliability). Comparing now Alt. 2 and Alt. 3, it is not as obvious which one to choose here and will be also depending on the number of orphan symbols relative to the mini-slot length. Just as an example, if only one orphan symbol is available in a slot clearly Alt. 3 should be chosen. The same may be applicable in case Alt. 3 would only lead to a modest relative lengthening of the PUSCH. On the other hand, if only a single symbol would be missing to the nominal mini-slot lengths (such as one symbol out of >2 symbols) Alt. 2 may be the better choice. But as a general design guideline, we think that the orphan symbols should be used for mini-slot based repetition as much as possible. 
The discussion of the orphan symbol usage shows one effect that mini-slot based repetition presents – namely the number of PUSCH symbols may be smaller (for Alt. 2) or larger (for Alt. 3) than what is given by the product of the mini-slot length L and the repetition factor K. Alternatively for Alt. 1, the overall transmission duration of the TB will be larger than the number of symbols used for PUSCH (K*L). In contrast, for the multi-segment transmission the UE will always occupy the (scheduled or configured) L consecutive (available) UL symbols. Moreover, if the orphan symbols are to be used for mini-slot repetition also number of PUSCH symbols per repetition may vary. 
Observation 2-2: Orphan symbols should be used for mini-slot repetition through shortened or lengthened mini-slots. Considering the orphan symbol issue for mini-slot repetition, the gNB is in better control of the overall number of PUSCH symbols and/or the PUSCH transmission duration with the multi-segment transmission. 

2.3 Starting symbol in the next available slot
For FDD, the UE should clearly resume its PUSCH transmission in the first symbol of the next slot as the intention is only to cross the slot boundary. But for TDD (and especially flexible TDD), this is not so clear. The discussion here is equally applicable to the starting point of the first mini-slot in the next slot or the start of the 2nd segment as well as for scheduled PUSCH and configured grant operation.  

In [2], 4 different options to define the starting point in the next (available) UL period of a slot have been discussed. Without repeating the discussions in [2] here, we think the PUSCH in principle should resume as soon as possible in the next applicable UL period of a slot to decrease the overall latency. 
Specific considerations for the flexible NR frame structure for TDD are clearly needed. The first thing to consider is how the applicable UL symbols are defined. For Rel-15 CGs without configured SFI, the UE can use the higher layer configured UL & flexible symbols for CG PUSCH transmission. The same operation could be equally applicable for the mini-slot based repetition and multi-segment transmission across the slot boundary / DL period(s). In case the SFI monitoring is configured, based on the Rel-15 operation the UE can use the higher layer configured UL symbols as well as the higher layer configured flexible symbols which are dynamically indicated as ‘UL’. Please note, that also for scheduled operation across the slot boundary (or DL period) the same applies here if the intention is to support the URLLC PUSCH transmission across the slot boundary and DL period for TDD. 
Proposal 2-1: Support scheduled and configured grant PUSCH transmission through mini-slot based repetition or multi-segment transmission across UL periods for TDD. Detailed usage of flexible symbols and SFI are FFS. 
In this operation, the reliability will be partially affected by the correct reception (and/or missed detection) of the SFI by the UE. In case the SFI is not correctly decoded by the UE, the UE will only be able to use the higher layer configured UL symbols which will result in a different understanding of the symbol usage for PUSCH transmission at UE and gNB side (and thereby may lead to decoding errors). The same issue is present for the case of LTE eIMTA where it has been decided to enable the repetition only for the higher layer configured UL symbols (but not flexible symbols). Again, there is a trade-off between reliability and latency. 
Observation 2-3: In case of SFI decoding failure, the gNB and UE have a different assumption on the usable UL symbols for PUSCH transmission within a slot leading to potential decoding errors. Using the SFI may therefore decrease the reliability whereas neglecting the SFI will increase the latency. 
The flexible frame structure further means, that the first available UL symbol for CG PUSCH in a slot may vary from slot to slot (in case SFI is utilized). The PUSCH transmission may either be starting in the first available UL symbol directly or having at least some ‘starting granularity’ to enable efficient multi-user UL DM-RS multiplexing. As an example, there may be a restriction to PUSCH can only start in every e.g. 2nd symbol in contrast to the first symbol. Clearly further discussions will be needed considering the latency and operation trade-offs of the starting points.  

2.4 TBS determination for PUSCH to cross the slot boundary 
Also, the TBS determination for the PUSCH to cross the slot boundary needs to be addressed. As pointed out in [3], especially for mini-slot based repetition (due to the rather short PUSCH length) there may be some issues in terms of reduced scheduling flexibility and imperfect modulation selection in case the TBS would be defined by the number of PUSCH REs (i.e. symbols) of a single mini-slot. Therefore, in [3] it is proposed to determine the TB size given by the overall number of PUSCH symbols of the repeated multi-slots there. 
We would like to note here, that the problem of how to define the TBS is also there for the multi-segment PUSCH transmission as the number of symbols in each of the transmission segments of a single PUSCH data packet can vary a lot. 
In case RAN1 would decide to base the TBS determination on the overall number of PUSCH symbols for a PUSCH transmission to cross the slot boundary as suggested in [3], this could be equally applied to mini-slot based repetition as well as multi-segment transmission. 
Observation 2-4: The identified issue of imperfect modulation selection and scheduling restrictions in case the TBS determination by the mini-slot length L (for mini-slot based repetition) or the first PUSCH transmission segment (for multi-segment transmission) and the related solution to overcome this issue is equally applicable to both candidate techniques enabling cross-slot PUSCH transmission. 
For mini-slot based repetition, one might need to discuss if the number of PUSCH symbols is given by the nominal number of PUSCH symbols (i.e. related K*L minus DM-RS) or the actual number of PUSCH symbols (incl. the orphan symbol handling discussed in the previous section leading to unequal mini-slot length). For multi-segment transmission with configured grants having a certain length L, the DM-RS overhead may be varying depending on the fact if the PUSCH is to cross the slot boundary or not resulting in different TB sizes. In case the variance in TBS is not intended, a slightly different definition (e.g. independent if crossing or not crossing the slot boundary) may be adopted to fit the CG TBS of the intended traffic profile (such as 32bytes). 

2.5 Scheduling and configuration enhancements for PUSCH to cross the slot boundary 
Overall, as the PUSCH transmission across the slot boundary is a new Rel-16 feature, the operation in principle would need to be enabled by higher layer configuration (such as RRC). 
First considering dynamically scheduled PUSCH, for the multi-segment transmission the indication principle of the applicable PUSCH symbols (start / length) through SLIV from Rel-15 could be reused but there might be a need to define new SLIV values to enable the PUSCH to cross the slot boundary. The DCI itself with the related number of bits for the time-domain PUSCH resource allocation can be used. Therefore, there is some specification effort necessary for multi-segment transmission to define new valid time-domain resource allocations to cross the slot boundary. 

For dynamically scheduled mini-slot based repetition, in addition to the PUSCH length L, the repetition factor K needs to be defined. For scheduled mini-slot based repetition to cross the slot boundary, the repetition factor K could be either RRC configured or dynamically indicated in the UL grant as discussed already in RAN1 and supported for LTE URLLC. Having the mini-slot based repetition higher layer configured also for dynamically scheduled PUSCH will limit the flexibility (as discussed in Sec. 3) and therefore we suggest supporting dynamic repetition factor indication of e.g. 2 bits in the scheduling UL grant. Therefore, the specification effort for scheduled mini-slot based repetition may be in terms of the dynamic repetition indication whereas the current SLIV definition (providing the mini-slot length L) could be directly reused from Rel-15. 
For configured grant operation of multi-segment operation, we don’t see any needed changes from configuration point of view as the overall length L can be defined by the current time-domain allocation mechanism of Type 1 and Type 2 configured grants. The cross-slot PUSCH transmission would then be just given by the periodicity, where some CG PUSCH transmission instances are to cross the slot boundary (leading to multi-segment transmission) whereas other occasions will be fully contained within a single slot. Similarly, for configured grant operation of mini-slot based repetition, the repetition factor K (in mini-slots in contrast to slots in Rel-15) and the time-domain resource allocation are using the Rel-15 principles. In this respect, the configured grant operation to cross the slot boundary require less specification effort compared to dynamically scheduled PUSCH discussed above. 
Observation 2-5: Scheduled mini-slot based repetition should support dynamic repetition factor indication whereas for multi-segment transmission changes to the SLIV definition are seen as needed. For configured grant operation to cross the slot boundary, only minor changes to the RRC configuration framework are foreseen. 

2.6 Summary of comparison of mini-slot based repetition versus multi-segment operation 
Here is a short summary of the discussions and observations in the previous subsections for the comparison between the two competing solutions:
· From performance point of view, for cell edge UEs (low MCS) with larger bandwidth allocation the performance of mini-slot based repetition with K>2 is worse compared to two transmission segments / hops due to additional DM-RS overhead needed for the hopping/cycling for mini-slot repetition. For smaller bandwidth allocation, the mini-slot based repetition with the increased frequency diversity order performs better. 
· Orphan symbols need to be handled properly for mini-slot based repetition while multi-segment transmission does not have such an issue. Both methods result in an unequal number of symbols per repetition/segment when considering the orphan symbols for mini-slot based repetition. 
· For both methods, the start after the slot boundary or UL period for TDD needs to be defined (and a similar definition of the starting point is possible)
· For both methods, there is a need to re-evaluate the way the TBS is defined when enabling cross-slot boundary transmissions
· Both methods will require changes in terms of time-domain resource allocation definition
To summarize this in an observation: 
Observation 2-6: Based on our analysis, both mini-slot based repetition and multi-segment operation are feasible solutions to provide cross-slot boundary PUSCH operation, with each having its own pros and cons. 
For the down-selection, the following are some important factors to consider:
· Additional frequency diversity from mini-slot based repetitions can only provide gain (considering DMRS overhead) if the bandwidth allocation is small.
· Due to orphan symbol issue in mini-slot based repetitions, the gNB have better control of the overall PUSCH transmission duration with multi-segment transmission compared to mini-slot based repetitions.
· The specification effort (and implementation effort) is larger for mini-slot based repetitions due to:
· Handling of orphan symbols
· Potential possibility of DMRS sharing if DMRS overhead reduction is desired
With these considerations, we have a slight preference of adopting the multi-segment transmission.
Proposal 2-2: Support multi-segment transmission to enable cross-slot boundary transmission for dynamically scheduled and configured grant PUSCH. 

3	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. 
This current limitation can be summarized in the following observation: 
Observation 3-1: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of (dynamic) repetition flexibility affecting the overall NR efficiency. 
Consecutive mini-slot (if supported) or slot-based 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 5, 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 5: 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}. 
Here 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). We would like to note here, that the dynamic indication could be applied in case of slot-based blind/HARQ-less PDSCH/PUSCH repetition, and is equally applicable to mini-slot repetition (if supported). 
As the dynamic indication of the blind repetition is improving the efficiency and flexibility, we propose:
Proposal 3-1: 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

4	Conclusions
In this contribution, we discussed the transmission of a PUSCH transport block across the slot boundary as well as dynamic PUSCH (and PDSCH) repetition enhancements. 
Based on the discussions in Sec. 2 of this contribution, the following can be noted on the issue of a single TB PUSCH to cross the slot boundary:
Observation 2-1: The optimal number of frequency hops (and related number of segments / repetitions)  depends on the allocated bandwidth. 
· For wideband allocations needed for cell edge UEs, two frequency hops with 2 DM-RS symbols (2 transmission segments) clearly outperform mini-slot based repetition with K>2 (and K DM-RS symbols).
· For narrowband allocations, the mini-slot based repetition with K>2 outperforms the 2 segment transmission due to the additional diversity. 
Observation 2-2: Orphan symbols should be used for mini-slot repetition through shortened or lengthened mini-slots. Considering the orphan symbol issue for mini-slot repetition, the gNB is in better control of the overall number of PUSCH symbols and/or the PUSCH transmission duration with the multi-segment transmission. 
Proposal 2-1: Support scheduled and configured grant PUSCH transmission through mini-slot based repetition or multi-segment transmission across UL periods for TDD. Detailed usage of flexible symbols and SFI are FFS. 
Observation 2-3: In case of SFI decoding failure, the gNB and UE have a different assumption on the usable UL symbols for PUSCH transmission within a slot leading to potential decoding errors. Using the SFI may therefore decrease the reliability whereas neglecting the SFI will increase the latency. 
Observation 2-4: The identified issue of imperfect modulation selection and scheduling restrictions in case the TBS determination by the mini-slot length L (for mini-slot based repetition) or the first PUSCH transmission segment (for multi-segment transmission) and the related solution to overcome this issue is equally applicable to both candidate techniques enabling cross-slot PUSCH transmission. 
Observation 2-5: Scheduled mini-slot based repetition should support dynamic repetition factor indication whereas for multi-segment transmission changes to the SLIV definition are seen as needed. For configured grant operation to cross the slot boundary, only minor changes to the RRC configuration framework are foreseen. 
Observation 2-6: Based on our analysis, both mini-slot based repetition and multi-segment operation are feasible solutions to provide cross-slot boundary PUSCH operation, with each having its own pros and cons. 
Proposal 2-2: Support multi-segment transmission to enable cross-slot boundary transmission for dynamically scheduled and configured grant PUSCH. 

Based on the discussion on repetition enhancements for URLLC in Sec. 3, the following is to be noted here: 
Observation 3-1: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of the (dynamic) repetition flexibility affecting the overall NR efficiency. 
Proposal 3-1: 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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