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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#96bis, we agreed the following:

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.

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

This contribution discusses some considerations in using Option 4 and Option 6 for PUSCH enhancement.  
2. Discussions
2.1 Option 4 vs Option 6
The enhancement to PUSCH for this WI is the introduction of PUSCH repetitions, where the main issue is the interruption to these repetitions when the PUSCH transmission crosses a slot boundary or between two UL periods.  In Option 4, some rules are defined to manage these interruptions, whilst in Option 6, an extended TDRA table is defined where the entries would take into account all these possible interruptions.
The TDRA table in Option 6 would require a lot of entries to cater for all possible interruptions, number of repetitions, starting positions and duration of each repetition [1], [2], [3], [4].  Since URLLC has a low latency requirement, we expect a lot of possible starting symbols would be required in a TDRA table.  The TDRA table would also need to be able to handle dynamic TDD, especially where the UL period can change dynamically.  The proposed 32 entries in a TDRA table [5] may not be sufficient and a large TDRA table is not desirable since this would increase the DCI size and also increase the effort & complexity in configuring this table.  Using a small TDRA table, e.g. with 32 entries would impose scheduling flexibility.
Observation 1: Option 6 either requires a TDRA table with a large number of entries or reduced scheduling flexibility.

Option 4 would have slightly higher specs impact compared to Option 6, to define rules to manage interruptions in PUSCH repetitions but provides scheduling flexibility for the network.  Option 6 has slightly less specs impact but higher configuration complexity and lower scheduling flexibility, compared to Option 4.  It should be noted that a low complexity feature like eMTC can manage far higher PUSCH repetitions with interruptions and so we do not see the slightly lower specs impact in Option 6 justify the reduced scheduling flexibility.
Observation 2: Option 6 may have slightly lower specs impact compared to Option 4 but this marginal specs impact does not justify the reduced scheduling flexibility.
Proposal 1: Option 4 is used to manage PUSCH repetitions. 


2.2 Open Issues in Option 4
In RAN1#96bis, we have the following proposal regarding DMRS noted in the chairman notes:
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)
It isn’t clear what the issue was with Type A and Type B regarding having a front-loaded DMRS transmitted at the beginning of each repetition.  The reason to split a PUSCH repetition to multiple repetitions is due to interruptions at the slot boundary or between two UL periods.  There would be phase discontinuity between these split PUSCHs and hence each of these repetitions would require a DMRS regardless of whether the PUSCH is of mapping Type A or Type B.
Proposal 2: 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

The TBS can be determined based on one of the PUSCH repetitions or based on all the repetitions.  The TBS based on a single repetition, such as the 1st repetition, may not provide sufficient RE resources for a low code rate.  If a low code rate is required and the PUSCH repetition duration is short (e.g. 2 or 3 symbols), then a large number of PRBs may be required.  There may not be sufficient frequency resource to provide a high number of PRBs and furthermore, a PUSCH transmission using a large amount of frequency resource would result in low Power Spectral Density which is not desirable, especially for UE at the cell edge.  Hence we prefer that the TBS is based on the resources from all repetitions, where the encoded information bits can be placed in a circular buffer such that each PUSCH repetition is a different RV (i.e. contains different parts of the circular buffer).
Proposal 3: The TBS is determined based on total allocated resources.

When a PUSCH is split into multiple repetitions, some of the repetitions may only be 1 OFDM symbol long, which by itself may not contain any information especially when a front loaded DMRS is used, i.e. an “orphan” symbol is created.  This orphan symbol can be dropped or it can simply be an extension to a another adjacent PUSCH repetition (i.e. without any interrupted symbols in between).  We have a preference that this orphan symbol is utilized since the resource is already scheduled for the UE.
Proposal 4: When a split PUSCH repetition contains only 1 symbol, this symbol is utilized by an adjacent PUSCH repetition, i.e. the adjacent PUSCH repetition is extended by 1 symbol.

For dynamic grant, the number of PUSCH repetitions K, is indicated in the UL grant.  This provides scheduling flexibility for the network and also gives the network a mechanism to manage changes to the UL periods in a dynamic TDD mode of operation.
Proposal 5: For dynamic grant operation, the number of PUSCH repetitions is indicated in the DCI.

It has been proposed that the length L of a single PUSCH transmission can be larger than 14 symbols [3], [6].  The rationale for having a PUSCH with L > 14 is that for an intended PUSCH duration, e.g. 28 symbols, the overall transmission would require fewer repetitions. For example in Figure 1, the intended PUSCH duration is 28 symbols, i.e. L×K=28.  If L ≤ 14, then this would require L=14, repetition K=2 and if the PUSCH starts at the 8th symbol of the slot, it would lead to 4 overall repetitions since each of the original PUSCH repetitions is split into two. On the other hand if L > 14, then for an intended PUSCH duration of 28 symbols, the allocation can be L=28 and K=1 which would result in 3 overall repetitions as the original (single) PUSCH repetition is split into 3 segments.  For the case where L=28 & K=1, there is one less DMRS symbol compared to the other case (L=14 & K=2) since it has one less PUSCH repetition.  We do not see this as a major benefit for having L > 14.  It should also be noted that this extra DMRS can actually improve the decoding performance e.g. allowing more spatial diversity or improving the channel estimation.
Proposal 6: The duration of the PUSCH is not larger than 14 symbols, i.e. L ≤ 14. 

[image: ]
[bookmark: _Ref7196191]Figure 1: PUSCH with duration of 28 symbols

3. Conclusion
In this contribution we discuss some aspects of PUSCH enhancements.  We observe the following:
Observation 1: Option 6 either requires a TDRA table with a large number of entries or reduced scheduling flexibility.
Observation 2: Option 6 may have slightly lower specs impact compared to Option 4 but this marginal specs impact does not justify the reduced scheduling flexibility.

We therefore propose the following:
Proposal 1: Option 4 is used to manage PUSCH repetitions. 
Proposal 2: 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

Proposal 3: The TBS is determined based on total allocated resources.
Proposal 4: When a split PUSCH repetition contains only 1 symbol, this symbol is utilized by an adjacent PUSCH repetition, i.e. the adjacent PUSCH repetition is extended by 1 symbol.
Proposal 5: For dynamic grant operation, the number of PUSCH repetitions is indicated in the DCI.
Proposal 6: The duration of the PUSCH is not larger than 14 symbols, i.e. L ≤ 14. 
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