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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1-AH-1901, following agreements related to PUSCH enhancements for grant-based UL in NR URLLC were captured in [1]:
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.
Based on the agreements above, it is expected to down-select one of the two options for PUSCH repetition. In this contribution we provide our views related to the identified issues for further clarification of the two options for PUSCH repetition enhancements.
2	Discussion
2.1 Comparison between option 1 (mini-slot repetition) and option 2 (multi-segment transmission) for PUSCH repetition

In RAN1-AH-1901, two detailed options for PUSCH repetition have been agreed and further down-selection is aimed in RAN1#96. On comparing the main bullets for each option, it is quite evident that the main difference lies in the fact that option 1 allows the repetition of PUSCH within the slot as well as between multiple slots, while option 2 doesn’t allow the repetition of PUSCH within the slot. However, a closer look at the details of option 2 shows that it is not always true that only one repetition is allowed in a slot. For example in figure 1 below, we show a scenario where it is required to support more than one repetition within a slot for option 2 to work, when there is segmentation at the slot boundary. The reason to have gap in slot k+1 is, for example DL symbol in the middle in a slot. 
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Figure 1: Example scenarios of option 2 where it is required to support more than one repetition within a slot

Observation 1: In order for option 2 to work in multiple scenarios for PUSCH repetition, it is not valid that more than one repetition is not allowed within the slot.

In additional to the inherent issue of self-contradiction with option 2, our understanding is that the enhancements in option 2 with respect to slot-based repetition will only provide the benefit in terms of latency between initial transmission and the first repetition. However, no significant latency gain can be expected between further repetitions. As shown in figure 2, the first repetition in slot K is at the end of the slot, then due to the enhancements proposed in option 2, the second repetition in slot K+1 begins from the first symbol of that slot. However, for additional repetition i.e. third and fourth repetition, the starting symbol is not earlier than the first symbol of the next slots, respectively. Therefore, still quite considerable latency is observed for the overall repetitions. Note that the other realization could be the pair of 1st and 2nd repetition are repeated multiple times, but such possibility would mean allowing more than one repetition within a slot in addition to the cases of segmentation and in our understanding it is not the intention of the supporting companies for option 2.
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Figure 2: Example of four repetitions with option 2

Observation 2: For option 2, the benefit in terms of latency is only in particular case when the initial transmission (first repetition) is at the end of slot and the next repetition (repetition 2) could begin at the beginning of next available slot. 
· However, there is no benefit in terms of latency between subsequent repetitions as the next repetition can only be transmitted in the subsequent slot.
With option 1, where repetition within the slot as well as between different slots are proposed, the overall latency can be much lower for the same example scenario of four repetitions, as shown in figure 3. For the examples shown in these figures, it is also crucial to understand how the TBS determination is done, which is discussed in detail in section 2.3
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Figure 3: Example of four repetitions within two slots with option 1 

Observation 3: For option 1, better latency is obtained in comparison to option 2 for the overall transmission of all repetitions even when some repetition(s) are in a different slot. 

Furthermore in Rel. 16, a large number of use-cases are identified and agreed for NR URLLC, which have different requirements in terms of reliability and latency. Repetition within the slot is useful for the cases where short PUSCH assignments are needed, but with strict reliability and latency requirements. Furthermore, short PUSCH assignments are efficient from the resource usage point of view as the other UEs (both URLLC and eMBB) can have possible faster availability to resources. Repetition within a slot allows the possibility to utilize beam-hopping and/or TRP-hopping between each repetition, which can have additional benefit for higher frequencies where the possibility of blockage on a given beam and/or TRP could be quite high. 

Observation 4: For option 1, it would be possible to allow hopping between repetitions within the slot in terms or beam/TRP/panel in addition to frequency hopping. 

In our understanding, in addition to the benefits listed above, option 1 provides a generic framework for PUSCH repetition that could also provide the benefits of option 2 when segmentation is allowed in case of orphan symbols at the slot boundary for option 1 as well.

Observation 5: Option 1 can provide all the benefits provided by option 2 by allowing segmentation at the slot boundary for orphan symbols.

In addition to the comparison of benefits for the two options, specification enhancements should also be considered for both options. Based on the details of the two options from the last meeting, we don’t see any significant different in terms of specification effort. Following key enhancements are considered for both the options:
· Time domain resource assignment
· TBS determination
· Frequency hopping related enhancements

For more specific use cases, additional specification enhancements could also be considered, but the key specification effort seems to be similar for both options.

Observation 6: Based on the details of option 1 and option 2, the specification effort is similar for both options.

 According to observation 5 and 6, we propose to opt for option 1 as the generic framework and to provide the benefit of option 2 by allowing segmentation at the slot boundary for orphan symbols.

Proposal 1: For PUSCH repetition enhancements in NR eURLLC Rel. 16, option 1 i.e. to allow more than one repetition within a slot and/or between multiple slots should be supported.
· To allow segmentation at the slot boundary in case of orphan symbol(s)
2.2 Time domain resource assignment enhancements

In the current specification, RRC configures an indexed row table that determines the time domain relation between PDCCH and initial PUSCH transmission in terms of slot offset, the starting symbol and the duration of the transmission. In the DCI scheduling PUSCH, the time domain resource assignment indicates one of the indexed row from the RRC configured table for PUSCH transmission. This indication exists only for initial transmission and no such information is configured/signalled for repetitions. However, in order to facilitate the enhancements for PUSCH repetition that are being currently discussed, some implicit or explicit signalling to indicate the time domain resource assignment of repetitions which may or may not be tied to the initial transmission would be needed. 

In our understanding, the enhancements related to time domain resource assignment should aim for a unified and flexible indication that is applicable for repetition within the slot as well as between the slots. Therefore, similar information as for initial transmission is needed for repetitions as well, but at the same time keeping the DCI overhead in mind.

Proposal 2:  For PUSCH repetition enhancements in NR eURLLC Rel. 16, time domain resource assignment should be enhanced to support flexible allocation for both repetition within the slot as well as between different slots, while not significantly increasing the DCI overhead

In our thinking, enhancements related to RRC configuration should be considered for assigning time domain resources to PUSCH repetitions and utilizing the existing DCI field to indicate the information for both the initial PUSCH transmission and its repetitions. First, this has the benefit to possible keep the DCI overhead same. Second, we should also consider configured grant PUSCH in which case the DCI field is not utilized for time domain resource assignment.  Therefore, if we enhance the RRC configuration for time domain resource assignment, it can be applied to both grant-based and configured grant PUSCH repetitions. 

Proposal 3: For PUSCH repetition enhancements in NR eURLLC Rel. 16, RRC configuration for PUSCH time domain allocation should be enhanced to indicate the time domain resource assignment for PUSCH repetitions.

For RRC configuration enhancements, different possibilities could be considered to indicate the time domain resource assignment depending up on the level of flexibility that is needed. Few examples of RRC signalling enhancements for time domain resource assignment of PUSCH repetitions are as follows:

1. Example 1: RRC indicates the starting position for each repetition and possibly different lengths for each repetition
2. Example 2: RRC indicates the starting position only for each repetition and same indicated length is assumed for all repetitions including initial transmission
3. Example 3: RRC indicates only the number of repetitions and the repetitions are assumed to be of same lengths and contiguously transmitted
4. Example 4: RRC indicates only the gap between each repetition. The length is obtained from R.15 signal.
Above are just some of possibilities for RRC signalling enhancements. More possibilities can be considered. In the appendix, we provide example Table with different use cases and possible enhancements for them.


2.3 TBS determination for PUSCH repetitions

Currently two possibilities are considered for TBS determination with PUSCH repetitions. First possibility is that the TBS is determined based on each repetition and the second possibility is that the TBS is determined for more than one repetition (for example, using two of segments). In our understanding, if low coding rate is required for each repetition, where each repetition has same RV, then TBS determination is based on each repetition and in order to support higher coding rate, where each repetition with different RVs, TBS should be determined by the more than one repetition. 

Observation 7: For PUSCH repetition, TBS determination based on each repetition is needed for low coding rate and TBS determination for more than one repetition is needed for supporting relatively higher coding rate.

Proposal 4: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, two TBS determination method should be supported:
· TBS determination based on each repetition
· TBS determination based on more than one repetition (for example, two segments) 

2.4 DMRS sharing between repetitions within a slot

Generally in repetition, the same transport block (TB) is transmitted in all the repetition rounds along with same DMRS configuration. However, this might lead to sub-optimality in terms of DMRS overhead. For example, as shown in Figure 4, in case of 2-symbol PUSCH with initial transmission and 6 repetitions, the DMRS overhead is 50%, which is very high. Even for high mobility UEs, such high density of DMRS is not required. 

Observation 8: PUSCH transmission with DMRS in every repetition can lead to very high DMRS overhead in scenarios where the length of PUSCH is quite short.

One possible enhancement is to allow the flexibility to remove DMRS from certain repetitions depending up on the channel conditions and reliability requirements. As an example, if it is allowed to remove DMRS from certain repetitions in case of 2-symbol PUSCH with initial transmission and 6 repetitions, one of the possibility could look like Figure 5. This flexibility will not only allow to control the DMRS overhead, but additionally give more flexibility in terms of DMRS configurations that are currently not supported in NR Rel. 15. Furthermore, the overall latency is also reduced by allowing such flexibility. The repetition rounds without the DMRS will share the last available DMRS for channel estimates. Note that DMRS sharing is possible only when same precoder/TRP/beams are used for repetitions.
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Figure 4: Example repetition within a slot



Figure 5: Example of DMRS removal from   certain repetitions within a slot
In Figure 5 above, the removal of DMRS from certain repetitions result in unequal length between repetitions. However, if same length of each repetition is envisioned, other possibility is to remove the DMRS from certain repetitions and use that symbol additionally for data. As a result, that particular repetition can benefit from additional resources for data and transmit at relatively lower coding rate and have channel coding gains

Observation 9: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.

Observation 10: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.

Proposal 5: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, DMRS sharing between repetitions should be supported.

Proposal 6: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, if both DMRS sharing and same length repetition are supported, then the repetitions without the DMRS should use that additional symbol for same TB transmission with possibly lower coding rate relative to other repetitions.

2.5 Frequency hopping between repetitions

For PUSCH, frequency diversity gains can be further exploited if frequency hopping between repetitions is allowed within a slot. It would give the flexibility to schedule each repetition on two or more hops depending up on the size of the bandwidth part, as shown in Figure 6. Basically, more configurations could be possible in comparison to single transmission within a slot.

 
Figure 6: Repetition with frequency hopping

Proposal 7: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, frequency hopping between repetitions should be supported.
3	Conclusion 

Here we summarize the observations and proposals from the sections above:

Observation 1: In order for option 2 to work in multiple scenarios for PUSCH repetition, it is not valid that more than one repetition is not allowed within the slot.

Observation 2: For option 2, the benefit in terms of latency is only in particular case when the initial transmission (first repetition) is at the end of slot and the next repetition (repetition 2) could begin at the beginning of next available slot. 
· However, there is no benefit in terms of latency between subsequent repetitions as the next repetition can only be transmitted in the subsequent slot.
Observation 3: For option 1, better latency is obtained in comparison to option 2 for the overall transmission of all repetitions even when some repetition(s) are in a different slot. 

Observation 4: For option 1, it would be possible to allow hopping between repetitions within the slot in terms or beam/TRP/panel in addition to frequency hopping. 

Observation 5: Option 1 can provide all the benefits provided by option 2 by allowing segmentation at the slot boundary for orphan symbols

Observation 6: Based on the details of option 1 and option 2, the specification effort is similar for both options.

Observation 7: For PUSCH repetition, TBS determination based on each repetition is needed for low coding rate and TBS determination for more than one repetition is needed for supporting relatively higher coding rate.

Observation 8: PUSCH transmission with DMRS in every repetition can lead to very high DMRS overhead in scenarios where the length of PUSCH is quite short.

Observation 9: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.

Observation 10: For repetition within the slot for PUSCH, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.


Proposal 1: For PUSCH repetition enhancements in NR eURLLC Rel. 16, option 1 i.e. to allow more than one repetition within a slot and/or between multiple slots should be supported.
· To allow segmentation at the slot boundary in case of orphan symbol(s)
Proposal 2:  For PUSCH repetition enhancements in NR eURLLC Rel. 16, time domain resource assignment should be enhanced to support flexible allocation for both repetition within the slot as well as between different slots, while not significantly increasing the DCI overhead

Proposal 3: For PUSCH repetition enhancements in NR eURLLC Rel. 16, RRC configuration for PUSCH time domain allocation should be enhanced to indicate the time domain resource assignment for PUSCH repetitions.

Proposal 4: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, two TBS determination method should be supported:
· TBS determination based on each repetition
· TBS determination based on more than one repetition (for example, two segments) 
Proposal 5: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, DMRS sharing between repetitions should be supported.

Proposal 6: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, if both DMRS sharing and same length repetition are supported, then the repetitions without the DMRS should use that additional symbol for same TB transmission with possibly lower coding rate relative to other repetitions.

Proposal 7: For repetition within the slot for PUSCH enhancements in NR eURLLC in Rel. 16, frequency hopping between repetitions should be supported.
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5	Appendix
Table: Example of RRC configuration enhancements for time domain resource assignment of PUSCH repetitions

	Repetition type
	Allocation type
	Repetition duration
	RRC configuration enhancement

	1. Both mini-slot and multi-segment based
	Non-contiguous 
	Different lengths
	· Number of repetitions
· Slot information for each repetition (wrt. to either PDCCH slot or initial PUSCH transmission or previous repetition)
· Starting symbol of each repetition
(either as symbol index in a slot or the gap wrt. initial PUSCH transmission or previous repetition)
· Length of each repetition
(in terms of number of symbols or difference in terms of length wrt. to initial PUSCH transmission)

	2. Both mini-slot and multi-segment based
	Non-contiguous 
	Same length
	· Number of repetitions
· Slot information for each repetition (wrt. to either PDCCH slot or initial PUSCH transmission or previous repetition)
· Starting symbol of each repetition
(either as symbol index in a slot or the gap wrt. initial PUSCH transmission or previous repetition)

	3. Both mini-slot and multi-segment based
	Contiguous 
	Different lengths
	· Number of repetitions
· Length of each repetition
(in terms of number of symbols or difference in terms of length wrt. to initial PUSCH transmission)

	4. Both mini-slot and multi-segment based
	Contiguous 
	Same length
	· Number of repetitions

	5. Only mini-slot
	Non-contiguous 
	Different lengths
	· Number of repetitions
· Starting symbol of each repetition
(either as symbol index in a slot or the gap wrt. initial PUSCH transmission or previous repetition)
· Length of each repetition
(in terms of number of symbols or difference in terms of length wrt. to initial PUSCH transmission)

	6. Only mini-slot
	Non-contiguous
	Same length
	· Number of repetitions
· Starting symbol of each repetition
(either as symbol index in a slot or the gap wrt. initial PUSCH transmission or previous repetition)

	7. Only mini-slot
	Contiguous
	Different length
	· Number of repetitions
· Length of each repetition
(in terms of number of symbols or difference in terms of length wrt. to initial PUSCH transmission)

	8. Only mini-slot
	Contiguous
	Same length
	· Number of repetitions



In the table above, we provide examples of RRC configuration enhancements for PUSCH repetitions for different levels of flexibility.  As shown in the table, the complete information related to time domain resource assignment for PUSCH consists of number of repetitions, slot offset for each repetition, starting symbol of each repetition and the duration of each repetition. However, for most of the cases, all the information is not necessary and can be inferred from other parameters. In addition, for each information, there are possibly multiple ways to indicate the information.
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