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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#97, following agreements/proposals related to PUSCH repetition enhancements are captured in [1]:
Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination
In RAN1#96bis, following agreements/proposals related to PUSCH repetition enhancements that still have open issues are captured in [2]:

Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH

Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
In this contribution, we discuss further details related to the open issues for PUSCH enhancements in this work item.
2	Discussion
Based on the current status of agreements from the previous meetings, PUSCH repetition mechanism can be described as follows and also shown in Figure 1:
· UE receives the TDRA index with single SLIV to determine the time-domain resources for first transmission
· UE also receives some dynamic indication for number of nominal repetitions
· Based on the single SLIV and the nominal number of repetitions, UE determine the nominal time-domain resources for all the repetitions that will have same length, repetitions will be contiguous, same TB is transmitted with the same MCS and same DMRS configuration is applied to all the nominal repetitions


Figure 1: Example of PUSCH repetition mechanism when actual allocation is same as nominal indicated allocation
If the total resources are available for all the repetitions as determined on the basis of indication, then there is no issue with the PUSCH repetition. However, there can be a number of scenarios that could result in either unavailability of some of the time resources for one or more transmission occasion and/or no possibility of contiguous repetitions. As a result of such scenarios, there can be a number issues that can arise. In order to solve most of these scenarios, it has been agreed to support segmentation, where a given transmission occasion (nominal repetition) is segmented into multiple transmission occasions (actual repetitions). We discuss here all the possibilities, corresponding issues and provide possible solutions.

2.1	PUSCH mapping types
One starting discussion point is that what PUSCH mapping types could be supported. In our understanding, first and foremost clarification is needed whether PUSCH transmission can be considered as mapping type A or not when there is a mini-slot repetition and/or segmentation at UL period within a slot. There could be two perspectives to look at it. According to first perspective, if each repetition or segment within a slot is considered like a separate PUSCH transmission, then the overall mapping type assignment for that PUSCH cannot be considered type A because the starting point of every repetition/segments cannot be at the beginning of the slot. Since the segmentation is not only dependent up on the scheduling PDCCH but also other factors such as SFI PDCCH, therefore, it is not possible to ensure that when mapping type A is signalled in the scheduling DCI, then still it can be maintained or not. The second perspective is when each repetition or segment within a slot is not considered a separate PUSCH transmission, but a single PUSCH transmission, at least from scheduling perspective. Then it can be considered as PUSCH mapping type A. However, then it comes with the limitation to ensure the DMRS positions over entire slot, which could entail that multiple repetitions and/or segments are aligned with the supported DMRS configurations for type A. Considering that it is common understanding to have at least front-loaded DMRS for each repetition and/or segment, then ensuring that type A DMRS configurations are followed, the repetitions and/or segments starting points within a slot are very limited. Due to similar reasons of dependency on SFI PDCCH and other factors, it will be extremely limited to support mapping type A. 

Proposal 1: For PUSCH repetition with segmentation mechanism, PUSCH mapping type A is not supported. 

2.2	Segmentations scenarios for PUSCH repetition mechanism
2.2.1	Segmentation due to UL/DL switching within a slot due to SFI-PDCCH or semi-static DL symbols
It has been agreed that whenever there is collision of the nominally determined time-domain resources for PUSCH repetitions with dynamic downlink symbols from SFI-PDCCH or semi-statically configured downlink symbols, then any of such transmissions occasions are segmented into multiple repetitions as shown in Figure 2. As a result of this, the actual number of repetitions is different from the nominal repetitions indicated dynamically. Furthermore, it has been agreed to not allow DMRS sharing and therefore for every new segment (actual repetition), at least a front-loaded DMRS symbol is added. As a result of these steps, at least following key issues need to be addressed
· Whether/how to handle orphan symbols and very short length of segments (actual repetition of short lengths)?
· How to handle the combined duration and time resources of all the actual repetitions after segmentation?
· How to determine the TBS for actual repetitions that can have possibly different lengths? 
· How to handle DMRS related issues for 2-symbol length front loaded DMRS and additional DMRS symbols?
· How to introduce dynamic indication of the number of nominal repetitions?



Figure 2: Example of PUSCH repetition mechanism when actual allocation is not same as nominal indicated allocation due to segmentation (UL/DL switch in slot)

2.2.2	Segmentation to avoid crossing of slot boundary
Similar to the segmentation due to UL/DL switch within a slot, it has also been agreed to segment a transmission occasion (nominal repetition) into segments (multiple actual repetitions) whenever it crosses a slot boundary, as shown in Figure 3. Segmentation in this scenario could possibly result in similar issues as well and those needs to be addressed. 


Figure 3: Example of PUSCH repetition mechanism when actual allocation is not same as nominal indicated allocation due to segmentation (avoid crossing slot boundary)

2.2.3	Possible segmentation due to unavailability of UL symbols within a slot due to allocation to other high priority UL signals/channels and transient time

Another scenario, which has been identified but not yet address is the unavailability of UL symbols within a slot due to allocation to other higher priority UL signals/channels and transient time. HARQ-ACK/NACK of short PUCCH for high priority PDSCH like URLLC and the other URLLC PUSCH transmission are examples of higher priority UL signal/channels. Periodic SRS/CSI report would not be higher priority but would not be possible to cancel at least Rel.15 UEs and UEs not supporting UL cancellation functions. The key difference between this scenario and above that the given UE for which the repetitions are scheduled is unaware about unavailability of UL symbols due to any of the above reasons. Therefore, the UE cannot simply do segmentation as for above scenarios. 

In order to solve this issue, one possible solution could be to enhance the TDRA table to include another SLIV in addition to the existing SLIV which is used for determining the time domain resources for first transmission. The function of this additional SLIV will be to indicate time-domain resources that are unavailable and could collide with one or more of the repetitions. In this case, the UE is indicated about such collision dynamically and therefore it can possibly perform segmentation similar to above scenarios. An example of such enhanced TDRA is shown in Table 1. 

Table 1: Example of enhanced TDRA table with additional SLIV for indicating colliding resources

	DCI index
	PDSCH mapping type
	K2 
	S, L
	S’, L’

	0
	B
	1
	0,3
	5,1

	1
	B
	1
	0,5
	-



Proposal 2: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, the TDRA table should be enhanced to indicate at least one additional SLIV to indicate the time-domain resources that are not available for transmission for the indicated UE.

2.3	Orphan symbols and short lengths of actual PUSCH repetitions
As discussed in the above scenarios, due to segmentation, the actual length of segments (actual repetitions) might be different than what was nominally indicated and possibly quite short. There are mainly two issues with quite short lengths of segments. One is the DMRS overhead could be quite high. In case of orphan symbols, the DMRS overhead could be 100%, which means basically no data is transmitted in that segment. This is not even useful for any adjacent repetitions because it has been agreed that DMRS sharing is not allowed. The other issue is that the number of symbols available for data in the segment could possibly be quite small and it might not be enough to support even TBS above certain threshold. In order to solve these issues, there could be possible three solutions. One solution is simply to drop any orphan symbols or very short length segments and not transmit anything on that. Second solution could be to utilize those symbols as part of the adjacent repetitions. This solution is basically reverse of segmentation. This solution could be possible more efficient as the resources can be used as part of adjacent repetition and relatively lower MCS could be utilized to improve the BLER and reliability. Third solution could be to simply skip that segment and already start the transmission of next nominal repetition. This solution can be applied only when the short segment is the second half due to segmentation. Main benefit of this solution that the latency is better or at least the same as desired by nominal indication. Figure 4(a) shows the example scenario of simply dropping short length segments, Figure 4(b) shows the example of joining the orphan symbols to adjacent repetitions and Figure 4(c) shows the example of skipping that segment and already starting the transmission of next repetition. 



Figure 4(a) Example of dropping a segment with length of one symbol



Figure 4(b) Example of adding the symbols of short segment to the adjacent contiguous repetition 



Figure 4(c) Example of shifting/preponing the next adjacent contiguous repetition 

Proposal 3: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, if the resulting length of the segments (actual repetition) is very short (restriction on minimum allowed length for segment can be further discussed), then one or both of the following possibilities could be considered:
· Symbols of such short length segments are joined to the adjacent repetition and transmission of that particular segment is skipped
· Next contiguous repetition is shifted/advanced by the same number of symbols as the length of skipped segment 
2.4	Combined duration of actual PUSCH repetitions
When segmentation happens as a result of unavailability of certain colliding symbols, then there are two possibilities on how to handle the remaining repetitions. One possibility is to simply shift the following repetitions by the same length as the number of colliding symbols. In this case, although the same reliability as originally intended can be maintained, but the latency could increase due to postponing. Other possibility is to utilize one of the solutions from proposal 2 where the next contiguous repetition is shifted/advanced by the same number of symbols as the length of skipped segment. The main benefit of this solution is that the desired latency is maintained. This seems more reasonable approach as it avoids any resource conflicts on the additional symbols that could happen if postponing the repetitions is supported.

Proposal 4: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, if there is segmentation due to unavailability of certain colliding symbols, then postponing the remaining repetitions should not be supported.

2.5	TBS determination for actual PUSCH repetitions
For TBS determination, a number of possibilities are under consideration that includes considering:
· Nominal length of single repetition (first repetition)
· Actual length of shortest allowed segment
· Actual length of the longest segment
· Combined length of all the repetitions

In our understanding, utilizing the actual length of the shortest allowed segment should not be considered as it might result in relatively high MCS for a given TBS which would have a very poor decoding performance. Other possibility of utilizing the actual length of the longest allowed segment might have quite similar performance as the possibility when nominal length is utilized for TBS determination. It is not expected to provide any additional benefit. Therefore, utilizing the actual length of the longest segment should also not be considered further for TBS determination. 

Proposal 5: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, TBS determination should not be based only on the lengths of segments created due to segmentation.

In our understanding, if low coding rate is required for each repetition, where each repetition has same RV, then TBS determination should be based on the nominal length of single repetition and in order to support higher coding rate, where each repetition with different RVs, TBS should be determined combined length of all repetitions. 

Observation 1: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, TBS determination based on nominal length of single repetition is needed for low coding rate and TBS determination for combined length of all needed for supporting relatively higher coding rate.

Proposal 6: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, two TBS determination method could be supported:
· TBS determination based on nominal length of single repetition
· TBS determination based on combined length of all repetitions

2.6	DMRS symbols for actual PUSCH repetitions
2-symbol length DMRS related issues
For PUSCH repetition mechanism with segmentation, gNB will signal the nominal number of repetitions with equal length for PUSCH transmission and the same DMRS configuration is applied in terms of actual number of front-loaded symbols, number of additional DMRS symbols and associated port number. However, since segmentation can be applied to these nominal PUSCH repetitions, then the DMRS related configuration signalled by gNB may or may not apply. As a result of this segmentation, it could be possible that the length of actual repetitions and/or segments is shorter than the signalled length because currently 2-symbol length front-loaded DMRS can be transmitted with PUSCH mapping type A only when the length of transmissions is at least 4 symbols and similarly for PUSCH mapping type B, only when the length of transmission is at least 5 symbols. As a result, some of the DMRS related configuration signalled by gNB may not be applicable anymore and following scenarios can happen:
· If 2-symbol front-loaded DMRS was signalled for nominal PUSCH repetitions based on the nominal length, but the actual length for a given PUSCH repetition is now smaller than the minimum required length for 2-symbol front-loaded DMRS configuration, then it is not possible to transmit 2-symbol length DMRS for such segments (“nominal repetitions”), as shown in Figure 5. In Figure 2, the actual length of 3rd repetition is less than 5 symbols, for which 2-symbol length DMRS is not allowed to be transmitted.  As a result, following issue arises:
· Whether or how to handle the different length of front-loaded DMRS symbol across repetitions and/or segments?
· One simple solution could be to simply not support 2-symbol length transmission when PUSCH repetitions are scheduled and multi-segmentation is supported. However, it is beneficial to support 2-symbol length DMRS, even for rank 1 transmission as it has higher DMRS density and provide better channel estimation performance. In addition, it has additional benefit for configured grant to improve the mis-detection performance.



Figure 5: Example of 2-symbol length DMRS for option 4 with different “actual” lengths of repetitions due to segmentation for PUSCH mapping type B
Observation 2: For PUSCH repetition mechanism with segmentation, when 2-symbol length front-loaded DMRS is signalled based on the nominal length of transmission, but if segmentation happens at the UE, then the “actual” length of segments/repetitions might not be sufficient to transmit 2-symbol length DMRS.
One possible solution could be to align the length of front-loaded DMRS by comparing the lengths of each repetition and assigning 2-symol length DMRS only when the minimum length requirement for the configuration is possible across all actual repetitions, otherwise, 1-symbol length DMRS is transmitted across all repetitions, as shown in Figure 5 below. In Figure 6(a), all the repetitions lengths are at least 5 symbols long, therefore, 2-symbol length front-loaded DMRS is transmitted on each repetition. On the other hand, in Figure 6(b), since the lengths of 3rd and 4th repetition are only 3 and 5 symbols long, respectively, therefore, gNB indicates 1-symbol length front-loaded DMRS.




Figure 6(a) Example of DMRS length alignment when all repetitions support 2-symbol length DMRS


Figure 6(b) Example of DMRS length alignment when all repetitions cannot support 2-symbol length DMRS


Proposal 7: For PUSCH repetition with segmentation mechanism, 2-symbol length DMRS should be indicated to the UE only when the lengths of each repetition can support transmission of 2-symbol length DMRS, otherwise, gNB only indicates 1-symbol length DMRS for all repetitions
· UE is not expected to transmit different length of front-loaded DMRS across repetitions.
Additional DMRS symbols related issues
Another case is related to additional DMRS symbols when segmentation occurs. Basically, there are two issues related to this. The first issue is how to generally handle additional DMRS. In our understanding, after the segmentation is done, then the actual number of additional DMRS is determined, if they can be supported or not based on the existing specifications. Then the other issue is specifically related to 2-symbol length DMRS. In this case, it is not yet discussed what would happen if there is a 2-symbol length additional DMRS scheduled for the nominal repetition length and the segmentation needs to be done exactly between the 2-symbol additional DMRS, meaning that the first part of that repetition can contain only one symbol of the 2-symbol additional DMRS. It needs to be discussed how to handle these issues
Observation 3: It is unclear on how to handle the DMRS transmission, when segmentation happens in the middle of a 2-symbol length DMRS, where each symbol of that DMRS will split into two different segments.
2.7	Dynamic indication of nominal number of repetitions
It has been agreed to support dynamic indication of nominal number of repetitions. The exact details are not yet discussed or agreed. Basically, if new bit field for dynamic indication of the number of repetitions is agreed to be supported, then the bit field possible size could be up to 3 bits in the DCI to support up to 8 repetitions.
Observation 4: For PUSCH repetition with segmentation mechanism, if new additional bit field in the DCI is used for dynamic indication of the “nominal” number of repetitions, then it is expected that up to 3 bits would be needed to indicate up to 8 repetitions.
Therefore, more efficient method of such indication should be considered. One possibility could be to enhance the TDRA table to indicate the nominal number of repetitions for PUSCH. Such joint encoding with time domain assignment utilize the property that all SLIV number indicated in the TDRA table would not require the same number of the repetitions possibilities. If TDRA table size is not sufficient, to increase the TDRA table size from 16 to 32 of 1 bit increase in DCI size is more flexible and efficient than separate field of the repetition number indication as it also cover more flexibility on SLIV values and repetition combinations. Table 2 below shows on such example.
Table 2: Example of enhanced TDRA table with indication of number of repetitions
	DCI index
	PDSCH mapping type
	K2 
	S, L
	# of repetitions

	0
	B
	1
	0,3
	3

	1
	B
	1
	0,5
	2


Proposal 8: For PUSCH repetition with segmentation mechanism, the dynamic indication of the number of repetitions should be signalled by the TDRA bit field, where the TDRA table is enhanced to indicate the number of repetitions.
· New bit field to indicate the number of repetitions is not introduced in the DCI 
	
3	Conclusion 

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

Observation 1: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, TBS determination based on nominal length of single repetition is needed for low coding rate and TBS determination for combined length of all needed for supporting relatively higher coding rate.
Observation 2: For PUSCH repetition mechanism with segmentation, when 2-symbol length front-loaded DMRS is signalled based on the nominal length of transmission, but if segmentation happens at the UE, then the “actual” length of segments/repetitions might not be sufficient to transmit 2-symbol length DMRS.
Observation 3: It is unclear on how to handle the DMRS transmission, when segmentation happens in the middle of a 2-symbol length DMRS, where each symbol of that DMRS will split into two different segments.
Observation 4: For PUSCH repetition with segmentation mechanism, if new additional bit field in the DCI is used for dynamic indication of the “nominal” number of repetitions, then it is expected that up to 3 bits would be needed to indicate up to 8 repetitions.

Proposal 1: For PUSCH repetition with segmentation mechanism, PUSCH mapping type A is not supported. 
Proposal 2: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, the TDRA table should be enhanced to indicate at least one additional SLIV to indicate the time-domain resources that are not available for transmission for the indicated UE.

Proposal 3: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, if the resulting length of the segments (actual repetition) is very short (restriction on minimum allowed length for segment can be further discussed), then one or both of the following possibilities could be considered:
· Symbols of such short length segments are joined to the adjacent repetition and transmission of that particular segment is skipped
· Next contiguous repetition is shifted/advanced by the same number of symbols as the length of skipped segment 
Proposal 4: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, if there is segmentation due to unavailability of certain colliding symbols, then postponing the remaining repetitions should not be supported.

Proposal 5: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, TBS determination should not be based only on the lengths of segments created due to segmentation.

Proposal 6: For PUSCH enhancements with segmentation mechanism in NR URLLC in Rel. 16, two TBS determination method could be supported:
· TBS determination based on nominal length of single repetition
· TBS determination based on combined length of all repetitions
Proposal 7: For PUSCH repetition with segmentation mechanism, 2-symbol length DMRS should be indicated to the UE only when the lengths of each repetition can support transmission of 2-symbol length DMRS, otherwise, gNB only indicates 1-symbol length DMRS for all repetitions
· UE is not expected to transmit different length of front-loaded DMRS across repetitions.
Proposal 8: For PUSCH repetition with segmentation mechanism, the dynamic indication of the number of repetitions should be signalled by the TDRA bit field, where the TDRA table is enhanced to indicate the number of repetitions.
· New bit field to indicate the number of repetitions is not introduced in the DCI 
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