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1. Introduction
In the RAN1#96bis, following agreements were achieved for PUSCH enhancements [1]: 
	Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.

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 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.

Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details



[bookmark: _GoBack]In this contribution, we provide our views for option 4 and option 6 for PUSCH enhancements.  

2. General views for Option 4 and Option 6
Firstly, we would like to provide our views on the use case of mini-slot level repetitions and multi-segment repetitions for URLLC services. 
[bookmark: _Hlk4429379][bookmark: _Hlk4429094]For URLLC traffic, mini-slot level repetition is suitable for repetitions cross multiple TRPs. Both continuous repetitions and non-continuous repetitions can be supported depending on the slot structure and/or transition period requirement for repetitions using different beams for transmission. For the case that UE repeats the TB by using the same transmission beams while gNB uses beam cycling for reception of repetitions, continuous mini-slot level repetition is still beneficial. 
For multi-segment transmission, it is stated that in some cases for example if appropriate PMI can be chosen properly based on CSI and/or in case of UE having low speed, multi-segment transmission has better performance compared to the mini-slot repetitions thanks to less DMRS overhead. In addition, since multi-segment transmission does not result in orphan symbol(s), it can improve latency, reliability performance and resource usage efficiency. However, we consider that the orphan symbol(s) caused by mini-slot level repetition can be under the network control and therefore there must be no real issue. Furthermore, as long as dynamic indication of repetition factor is supported, the orphan symbol issue can easily be mitigated/avoided. 
As discussed above, from our point of view, mini-slot level repetition can be more useful for URLLC. 
For the compromised option 4, the switching between mini-slot level repetition and multi-segment transmission depends on whether a "nominal" repetition is going to cross the slot boundary or DL/UL switching point. If dynamic indication of repetition factor is supported, whether to perform multi-segment transmission or mini-slot level repetitions depends on network scheduling decision. So, option 4 can achieve both mini-slot level repetition and multi-segment transmission by adjusting the repetition factor and the transmission length. 
[bookmark: _Hlk4429266]For option 6, it does not rely on the condition such as slot boundary and/or DL/UL switching point, by DCI indicating one entry of the time domain resource assignment table which is configured by higher layer, dynamic switching between mini-slot level repetition and multi-segment transmission can be realized. So, option 6 can also achieve both mini-slot level repetition and multi-segment transmission. To down-select between the option 4 and option 6, more details are needed. In the following, we will discuss option 4 and option 6, mainly from time-domain resource allocation perspective. 
3. Comparison between Option 4 and Option 6
3.1. Time-domain resource allocation
For Option 4, the time-domain resource allocation for the first repetition is indicated by a DCI field and that for the remaining repetitions are derived from the first repetition and UL/DL directions in symbols. This can be an analogy from the Rel.15 slot-aggregation; TDRA field in the scheduling DCI indicates time-domain resource allocation for the first repetition. For remaining repetitions, time-domain resource allocation can be the same unless one of the following conditions occurs:
· A repetition cannot be mapped due to UL/DL direction conflict in one or more symbols
· A repetition cannot be mapped due to cross slot boundary (i.e., orphan symbols)
When a repetition meets above condition(s), it may split to multi-segment transmission. Further discussion is needed on handling of the segment transmission consisting of small number of symbols, e.g. 1 symbol. In addition, some rules need to be defined for the DMRS for each segment transmission. Since the repetition factor and the length for one ‘nominal’ repetition can be dynamically indicated in the DCI, the segment transmission containing extreme small number of symbols should be avoid by gNB’s scheduling. It is not necessary to optimize such case. 
 
About the FFS L > 14, given the condition that S+L can be larger than 14 and L intends for the first repetition, the necessity to support L >14 is quite unclear. In Rel.15, time-domain resource allocation for a PUSCH adopts SLIV, where {start, length} within a 14-symbol slot is jointly indicated by a DCI field. To support S+L >14, one simple solution is to add one field in the DCI to indicate the reference symbol position; if this field indicates symbol #7 as the reference symbol position, then SLIV field in the DCI indicates {start, length’} of the first repetition, where the start is counted assuming that the indicated reference symbol position is start = 0. Addition of the new DCI field indicating the reference symbol position would be no more than 4 bits since one slot contains 14 symbols. Another possible solution is to use coarser granularity of time-domain resource allocation for 1st repetition; e.g., 2-symbol is considered as one unit for SLIV indication. By this, the actual S+L can be larger than 14.
Regarding the indication of repetitions in DCI, combination of higher layer configuration and L1 indication is preferred. In L1 signaling, either explicit field is introduced to indicate the repetition factor or joint indication for repetition and other features e.g. RV/RV sequence indication can be considered to reduce the overhead.  

For Option 6, flexibility is very high. Unlike option 4, it does not utilize any side information or outside information to determine time-domain RA or repetition factor. RRC configuration need to provide SLIVs of all the repetitions for each entry of the TDRA table. If the number of repetition factor is large, and if various slot structures such as DL slot, UL slot, DL-centric and UL-centric slots with various UL-DL switching timing in a slot, SRS/PRACH transmission occasions are taken into account, the RRC signaling will be large and the DCI overhead probably needs to be increased. If Option 6 is modified as “SLIV of the first repetition is indicated by TDRA field in the DCI and SLIV of remaining repetitions are derived from the SLIV of the first repetition plus UL-DL config”, then RRC configuration can significantly be reduced, and as the consequence, Option 6 becomes Option 4. In summary, option 6 seems not favorable for forward compatibility.  
Based on above discussions and for progress, our preference is option 4. 
Proposal 1:
· Option 4 is preferred.
· L<14.
· A number of repetition factors can be configured by higher layer, DCI can dynamically indicate one repetition factor.
· FFS explicit field or joint filed with other function(s) to indicate the repetition factor. 
· It is not necessary to optimize the case that one segment transmission containing 1 symbol.

3.2. Frequency-hopping
Inter-PUSCH-repetition hopping and inter-slot hopping can be applied to option 4 as well as option 6. It is not clear whether other FH schemes are further necessary. Regarding the number of hops, whether to support more than 2 hops was already discussed in Rel.15 but the substantial gain has not been identified and hence has not been supported. The same consequence would be applied to mini-slot repetition.
Regarding detailed hopping pattern, Rel.15 hopping patterns can simply be re-used. For inter-PUSCH-repetition hopping, even repetitions start from RBstart, while odd repetitions start from (RBstart + RBoffset) mod NBWP. For inter-slot hopping, repetitions in slot 2n start from RBstart, while repetitions in slot 2n+1 start from (RBstart + RBoffset) mod NBWP.
Proposal 2:
· For PUSCH repetitions,
· Number of hops is no more than 2.
· For inter-PUSCH-repetition hopping,
· Even repetitions start from RBstart, and;
· Odd repetitions start from (RBstart + RBoffset) mod NBWP.
· For inter-slot hopping,
· Repetitions in slot 2n start from RBstart, and;
· Repetitions in slot 2n+1 start from (RBstart + RBoffset) mod NBWP.

3.3. Other
Regarding DMRS sharing, we do not think this is essential for option 4 and option 6. First, DMRS overhead can be adjusted if dynamic indication of repetition factor is introduced. Second, DMRS sharing is available only if specific conditions are satisfied; e.g., no frequency-hopping, same transmit power, phase continuity is ensured, etc. This is quite challenging if the UE is configured with UL-CA or dual connectivity. TBS determination should be based on the first repetition. 
Based on these, following is proposed: 
Proposal 3:
· In case mini-slot repetition is used,
· DMRS sharing is not required.
· TBS determination can be based on the first repetition.

4. Conclusion
In this contribution, we discussion mini-slot repetition, multi-segment and three compromised options.  Following proposals are made.
Proposal 1:
· Option 4 is preferred.
· L<14.
· A number of repetition factors can be configured by higher layer, DCI can dynamically indicate one repetition factor.
· FFS explicit field or joint filed with other function(s) to indicate the repetition factor. 
· It is not necessary to optimize the case that one segment transmission containing 1 symbol.
Proposal 2:
· For PUSCH repetitions,
· Number of hops is no more than 2.
· For inter-PUSCH-repetition hopping,
· Even repetitions start from RBstart, and;
· Odd repetitions start from (RBstart + RBoffset) mod NBWP.
· For inter-slot hopping,
· Repetitions in slot 2n start from RBstart, and;
· Repetitions in slot 2n+1 start from (RBstart + RBoffset) mod NBWP.
Proposal 3:
· In case mini-slot repetition is used,
· DMRS sharing is not required.
· TBS determination can be based on the first repetition.
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