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Introduction
In RAN1 NR #96bis meeting [1], the following agreements and conclusions were achieved for PUSCH enhancements:
R1-1905702
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
R1-1905815
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
R1-1905885
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.

Proposals:
For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary,
· For front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition.
· FFS the case when additional DMRS is configured for the transmission
· FFS whether it is handled differently when there is only one symbol in the repetition
Discuss till next meeting (also consider type A vs. type B DM-RS aspects)
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details

In this contribution, we discuss the issue about redundancy version of repetitions, small duration repetition handling and DMRS assignments. Moreover, some discussions on frequency hopping are also provided.
Redundancy Version
TBS of every repetition is determined by the first or the longest repetition, or by REs of all repetitions. The transmitted bits after channel coding are saved in a circle buffer, and the start position to take the transmitting bits depends on the redundancy version. When every repetition has the same length, the performance will be best when the transmission order is RV 0, 2, 3, 1. In option 4 repetitions’ length may be different because of the split, the transmitting bits’ length is also different. Even though the redundancy version is same, the transmitting bits are different. So the transmitting order should be designed, and the performance of different combination of redundancy versions caused by the transmitting order should be evaluated.

Considering the condition that there are four PUSCH repetitions, and the third one is split into two repetitions because the slot boundary. The original third repetition transmits RV3. Now which redundancy versions two split repetitions transmit has some options as follows.

· Option a: The first repetition transmits RV3’, the half-length of RV3. And the second repetition transmits RV1’, the half-length of RV1. And the original fourth repetition, the fifth repetition now, transmits RV0. 
[image: C:\Users\Cimicidae\Desktop\联通标书18年11月\RV-a.png]
· Option b: The first repetition transmits RV3’, the half-length of RV3. And the second repetition transmits RV3”, another half-length of RV3. And the original fourth repetition, the fifth repetition now, transmits RV1. 
[image: C:\Users\Cimicidae\Desktop\联通标书18年11月\RV-b.png]
· Option c: FFS.

The performance of Option a, b, or other options should be evaluated by simulation further.

Observer 1: The transmission order of redundancy version should be studied because of the different lengths of repetitions. Some options are needed to be evaluated by simulation. 
Handling of Small Duration Repetition
In option 4, the repetitions across the slot boundary will be split into two smaller repetitions for transmitting in two slots. Under some circumstances, the original repetition length is too small, 4 symbols for example. When they are split into 2 symbols repetition, DMRS also needs resources to transmit and the code rate is too low to correct demodulation. So the small duration repetition due to splitting should be handled under such condition. 

We provide some options for handling the repetition across the slot boundary and the remaining symbols of previous slot. The following figures are for explanations. Assuming that the number of repetitions is 4, and the length of every repetition is 4 symbols. 

· Option a: Skip the repetition across the slot boundary, and the next repetition transmits in the earliest position of next slot.
· Option a-1: Drop the remaining symbols of previous slot.
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· Option a-2: Give the remaining symbols of previous slot to the last repetition.
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· Option b: Delay the repetition across the slot boundary, and transmits it in the earliest position of next slot.
· Option b-1: Drop the remaining symbols of previous slot.
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· Option b-2: Give the remaining symbols of previous slot to the last repetition.
[image: C:\Users\Cimicidae\Desktop\联通标书18年11月\optionb-2.png]

Option a operates more simple with skipping the repetition, but decrease reliability because the lack of one repetition, which is opposite to option b. Option a-1 and b-1 drop the remaining symbols of previous slot, which makes every repetition is the same duration. As the description in subsection 2.3, same length repetition makes it simpler to decide and combine redundancy versions. Option a-2 and b-2 use the remaining symbols to decrease the code rate. The reliability of those options should be further studied during simulations. 

Proposal 1: Select one from following options to handle the small duration repetition: 
· Option a: Skip the repetition across the slot boundary, and the next repetition transmits in the earliest position of next slot.
· Option a-1: Drop the remaining symbols of previous slot.
· Option a-2: Give the remaining symbols of previous slot to the last repetition.
· Option b: Delay the repetition across the slot boundary, and transmits it in the earliest position of next slot.
· Option b-1: Drop the remaining symbols of previous slot.
· Option b-2: Give the remaining symbols of previous slot to the last repetition.
DMRS Assignments for Split Repetitions
For option 4, when one nominal repetition is split into multiple repetitions, DMRS position in every new repetition should be studied. As the existence of frequency hopping among repetitions and slot, DMRS sharing is not considered. To demodulation, one repetition should has one column DMRS at least. 

If there is no DMRS after splitting in one repetition, it can add one column DMRS at the beginning of this repetition for simplified operations. Because it’s too complicated to assign DMRS in the appropriate position (e.g. in the middle of repetition) for the best demodulation performance. 

If there is DMRS after splitting in one repetition, there can be two choices for different target.
· Option a: Maintain the original number and position of DMRS after splitting, no special treatment. 
· Option b: Reduce the number of original DMRS or reassign the position of DMRS. 

The advantage of Option a is simplified operations, but when the split repetition has not so many symbols, original DMRS is not all needed. At this time, Option b can provide lower code rate or more accurate channel estimation with adjusting the position of DMRS. 

Proposal 2: If there is no DMRS after splitting in one repetition, it can add one column DMRS at the beginning of this repetition. If there is DMRS after splitting in one repetition, there can be two choices for different target.
· Option a: Maintain the original number and position of DMRS after splitting, no special treatment. 
· Option b: Reduce the number of original DMRS or reassign the position of DMRS. 
Frequency Hopping (FH)
Based on previous discussions, it should support at least inter-PUSCH-repetition and inter-slot hopping in the frequency domain. The remaining issue is that how many frequency positions are needed. As the common way, it’s better to hop from the bottom of bandwidth to the middle of bandwidth in the first hop. The repetitions are usually not just two, so it needs more than one hop. Which position is better for remaining hops should be studied. 

Observation 2: The frequency positions for hopping should be studied. 
Conclusions
In this contribution, we discuss the issue about redundancy version of repetitions, small duration repetition handling and DMRS assignments. Moreover, some discussions on frequency hopping are also provided. Observation and proposals are given as follows.

Observer 1: The transmission order of redundancy version should be studied because of the different lengths of repetitions. Some options are needed to be evaluated by simulation. 
Observation 2: The frequency positions for hopping should be studied. 

Proposal 1: Select one from following options to handle the small duration repetition: 
· Option a: Skip the repetition across the slot boundary, and the next repetition transmits in the earliest position of next slot.
· Option a-1: Drop the remaining symbols of previous slot.
· Option a-2: Give the remaining symbols of previous slot to the last repetition.
· Option b: Delay the repetition across the slot boundary, and transmits it in the earliest position of next slot.
· Option b-1: Drop the remaining symbols of previous slot.
· Option b-2: Give the remaining symbols of previous slot to the last repetition.
Proposal 2: If there is no DMRS after splitting in one repetition, it can add one column DMRS at the beginning of this repetition. If there is DMRS after splitting in one repetition, there can be two choices for different target.
· Option a: Maintain the original number and position of DMRS after splitting, no special treatment. 
· Option b: Reduce the number of original DMRS or reassign the position of DMRS. 
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