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Discussion and decision
1 Introduction
In RAN1 NR adhoc, the following agreements were made: 
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This contribution analyzes the above two solutions for PUSCH enhancement for URLLC. 

2 Mini-slot repetition
2.1 Time domain resource determination

For mini-slot repetition, it is quite clear that:
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For the time domain resources for the remaining repetitions other than the first repetition, it shall transmit from the first symbol for UL transmission right after previous repetition. If there are symbols cannot be used for UL transmission, e.g., DL symbol (or flexible symbol changed by SFI for UL grant free), these symbols will not be counted as the resources for UL transmission. That is, the UL repetition is postponed to next symbol for UL transmission. Compared with “drop” these symbols, it can avoid to create unnecessary “orphan” symbols.
There are two ways to handle “orphan” symbols caused by slot boundary or UL/DL direction: transmit on the “orphan” symbols or not transmit on “orphan” symbols. Based on RAN 1 agreement that each repetition can only occupies contiguous symbols, the transmission on “orphan” symbols is treated as one repetition and will not continue late.  For a special case that  first repetition is transmitted on “orphan” symbols due to slot boundary, S+L>14 needs to be supported.
Figure 1 gives an example of mini-slot repetition, time domain resource allocation indicates the starting symbol S = 3, symbol length L = 6. In addition, repetition k=4. However, due to UL/DL direction, there are only 4 contiguous  symbols for first repetition. If “orphan” symbols can be used for UL transmission, the first repetition can be transmitted on symbol #3~#6 at Slot n. In order to get better performance, rate matching is preferred for the “orphan” symbols. In addition, in order to provide short latency, the next repetition can be transmitted on the first symbol for UL transmission. If after one repetition, there is a DL symbol, the next repetition can be postponed to next symbol for UL transmission. For example, Rep #3 start from symbol #1 at Slot n+1.  For this UL/DL pattern, gNB needs to configure S =3, L = 4 in order to achieve low latency if “orphan” symbols cannot be used. However, if so, symbols #12/13 in slot n and symbol #5/6/12/13 in slot n+1 cannot be used for UL transmission. If 22 symbols are needed to achieve required reliability performance,  repetition k needs to be set to 6 and the UL transmission will extend to Slot n+2, which results in longer latency. Therefore, allow transmission on “orphan” is beneficial.
For the special case that there is only one “orphan” symbol, since DMRS needs to be transmitted, there is no need to transmit on it. Alternatively, DMRS can be transmitted if same pre-coder is always assumed to be the same for each repetitions. In this case, gNB can use the one symbol DMRS to improve the channel estimation for other repetition. 

In NR phase I, repetition k is configured by RRC. In order to provide more flexibility, the repetition k can be considered to be dynamic indicated in DCI. 

Proposal #1: For mini-slot repetition, 

· The time domain resources for the remaining repetitions shall transmit from the first symbol for UL transmission right after previous repetition
· Rate matching is used for the repetition on “orphan” symbols 
· FFS when there is only one “orphan” symbol
· S+L >14 is allowed and the calculate of SLIV is SLIV =14*(L-1) +S
· Repetition k is dynamic indicated in DCI
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Figure 1
2.2 TBS determination
For mini-slot repetition, Rel-15 TBS determination method can be used. That is, TBS is determined based on the number of symbols indicated by the time domain resource assignment field in DCI. 
Proposal #2: For mini-slot repetition, use the same method as NR Rel-15 for TBS determination.
2.3 DMRS sharing

There are several motivations to support mini-slot repetitions. For example, it can provide precoder cycling/multi-TRP gain; it can occupy as many as symbols for UL transmission continuously if there is a UL/DL switching point; it can support early termination.  However, in order to obtain of transmit diversity, each repetition shall have its own DMRS for demodulation.  For overcoming UL/DL switching point, if “orphan” symbols are allowed for UL transmission, the issue can be solved. For the purpose of early termination, taking into account of processing time of gNB and UE, it is hard to apply for short latency case. In addition, different from sTTI/HRLLC for LTE, NR can dynamically change the number of symbols for a mini-slot.  For a given transmission time, it can provide better performance by allocating more symbols for one repetition with a low code rate. In this case, DMRS overhead is not an issue. Therefore, there is no motivation to support DMRS sharing for mini-slot repetition.  
Proposal #3: Not support DMRS sharing.
2.4 Frequency hopping
It was agreed to support at least inter-PUSCH-repetition hopping and inter-slot hopping. If the total number of symbols of the whole repetition is larger enough, no additional performance gain is expected to further support intra-slot hopping or intra-mini-slot hopping. On the other hand, frequency hopping of half mini-slot has more DMRS overhead, which may degrade the performance.  
Moreover, for URLLC traffic, in order to achieve short latency, the UL transmission will occupy a big portion of PRBs. Even with more than two hops, the additional frequency diversity gain is limited. In addition, for grant based UL transmission, gNB shall be able to avoid intra-cell interference between UEs. On the contrary, it will introduce complexity of gNB’s scheduler. For configured grant, the frequency location of each hop can be different for different UEs. The collision/interference may not be a big issue. 

Proposal #4: Not support other frequency hopping schemes. Not support more than 2 hops.
3 Multi-segment transmission
3.1 Time domain resource determination

For multi-segment transmission, it was agreed that: 
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In order to reduce latency, the repetitions segmented by symbols not for UL transmission or slot boundary shall be back-to-back, i.e., starting from the first symbol for UL transmission right after previous repetition. In addition, based on RAN 1 agreement, all the symbols for UL transmission are indicated by the time domain resource assignment field in the DCI   for multi-segment transmission. That is, there is no explicit signalling for repetition number k, while k is determined implicitly by the number of switching points and slot boundary within the UL transmission. 

In Rel-15 NR, SLIV is join encoding of starting symbol S and the number of symbol L, where 0 ≤ S <14 and S+L≤14. For multi-segment transmission, in order to indicate all the repetitions across multiple slots, L needs to be larger than 14. If L is large enough, e.g., more than 2 * 14, there is no need to reuse current SLIV calculation. The calculation of SLIV can be simply updated to: 
SLIV =14*(L-1) +S
Shown as Figure 2, the UL transmission is segmented into 4 repetitions. The starting symbol S = 3 and number of symbol L = 24, where DL symbols are also counted in. If DL symbols are not counted in, then L = 21. As Figure 2, there are two UL periods in one slot, if more than one period are used for as one repetition, in each UL period, DMRS needs to be inserted and the pattern shall be determinated per UL period. Otherwise, it is hard for gNB to ensure there is always at least one DMRS in each UL period because the UL/DL direction in each slot might be different. If the DMRS pattern is determined per UL period, the only different is the data mapping compared with treating them as different repetitions. Therefore, it is not preferred to support more than one UL period is used for the transmission (repetition) in one slot. 
For the case of the number of symbol in a repetition is equal to 1, there is no need to waste of resource and UE power to transmit on that single symbol at least for DFT-S-OFDM. Different from mini-slot repetition, the repetition in multi-segment transmission is created by switching points or slot boundary. Even if DMRS can be transmitted on that single symbol, it is hard to be used for demodulation of other repetition. 
Proposal #5: For multi-segment transmission, 

· The number of symbols 1 ≤ L<a*14, where a>1,  FFS on the value a
· SLIV is calculated as SLIV =14*(L-1) +S
· Repetitions are transmitted back-to-back
· Not support more than one UL period is used for the transmission in one slot
· No explicit signaling to configure repetition number k

· Not transmit on the UL period if there is only one symbol for UL transmission
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Figure 2
3.2 TBS determination
For multi-segment transmission, time domain resource allocate indicates the total number of symbols for UL transmission even when the total number of symbols L is larger than 14. However, in NR, MCS table is designed for up to 14 symbols in a slot. If the number of REs for UL transmission (and TBS) is derived by the total number of symbols L, the code rate needs to be adjusted to be much lower, in order to be able to indicate a smaller TBS value.  Alternatively, some modification of the determination of number of REs for UL transmission can be introduced. For example, if the total number of symbols L >14, gNB can indicated a reference number of symbols for number of REs (and TBS) determination. The reference can be dynamically indicated by DCI, where new DCI field needs to be added. It will impact on DL overhead and performance of PDCCH decoding. Alternatively, the reference is configured via RRC or pre-defined, e.g., assuming L’=14, which may lose some flexibility. In addition, the actual code rate in each repetition also needs to be taken into account. If the code rate in each repetition is too high, even with RV rotation, the performance may still be poor. The TBS determination needs to be further studied for multi-segment transmission.
Proposal #6: Further study the TBS determination for multi-segment transmission, FFS:

· Use whole number of symbols L and adjust code rate of MCS table

· Use reference number of symbols L’ ≤14, FFS on how to determinate the reference number of symbols
· Other solutions are not precluded.
Comparison of two solutions

Section 2 and Section 3 provided some analysis for mini-slot repetition and multi-segment transmission. The specification effort for multi-segment transmission is larger for TBS determination. The signalling overhead to support multi-segment transmission is larger in order to support L >14 by the time domain resource assignment field in the DCI, the bits of SLIV x is larger than 7. 
For configured grant, if UL transmission is allowed to start from any repetition as Rel-15, mini-slot repetition is able to provide more chance. That is, the latency can be reduced.  For grant based, the latency and reliability performance are expected to be the same. The complexity is expected to be similar with the proposals in this paper for each solution.

Based on the comparison, mini-slot repetition is preferred.

Proposal #7: Mini-slot repetition is supported with above proposals #1~#4. 
Table 1 Comparison of two solutions
	
	Mini-slot repetition
	Multi-segment transmission

	Major specification change 
	· Handling of “orphan” symbols

· SLIV =14*(L-1) +S, where L ≤ 14 
	· Handling of single symbols

· SLIV =14*(L-1) +S, where L ≤ 14*n and n>1
· TBS determination

	Signalling overhead
	Potential DCI overhead

· Indication of k repetition in DCI (if supported)
	 RRC overhead

· In order to be able to configure L >14 by the time domain resource assignment field in the DCI, the bits of SLIV x is larger than 7. 

· RRC overhead is 16 * (x-7)
· Reference number of symbols L’ (if supported) 

Potential DCI overhead

· Reference number of symbols L’ (if supported) 

	Performance

(Latency & reliability)
	Similar (assuming gNB allocates more symbols with low code rate)
For configured grant, if UL transmission can start at any repetition, mini-slot provides better performance of latency. 

	Complexity
	For both solutions, if rate matching is used for each repetition, the complexity is similar. 


Conclusions
In this contribution, PUSCH enhancements are discussed. 
For mini-slot repetition, we proposed:
Proposal #1: For mini-slot repetition, 

· The time domain resources for the remaining repetitions shall transmit from the first symbol for UL transmission right after previous repetition

· Rate matching is used for the repetition on “orphan” symbols 
· FFS when there is only one “orphan” symbol
· S+L >14 is allowed and the calculate of SLIV is SLIV =14*(L-1) +S
· Repetition k is dynamic indicated in DCI
Proposal #2: For mini-slot repetition, use the same method as NR Rel-15 for TBS determination.

Proposal #3: Not support DMRS sharing.

Proposal #4: Not support other frequency hopping schemes. Not support more than 2 hops.

For multi-segment transmission, we proposed:

Proposal #5: For multi-segment transmission, 

· The number of symbols 1 ≤ L<a*14, where a>1,  FFS on the value a

· SLIV is calculated as SLIV =14*(L-1) +S
· Repetitions are transmitted back-to-back
· Not support more than one UL period is used for the transmission in one slot
· No explicit signaling to configure repetition number k

· Not transmit on the UL period if there is only one symbol for UL transmission
Proposal #6: Further study the TBS determination for multi-segment transmission, FFS:

· Use whole number of symbols L and adjust code rate of MCS table

· Use reference number of symbols L’ ≤14, FFS on how to determinate the reference number of symbols
· Other solutions are not precluded.
Based on the comparison of two solutions, we proposed:

Proposal #7: Mini-slot repetition is supported with above proposals #1~#4. 
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 “multi-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) 


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.


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:


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.





Agreements:


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)





Agreements:


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
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