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In RAN#90-e, a new WID on NR coverage enhancements was approved [1]. One objective is to specify mechanism(s) to support TB processing over multi-slot PUSCH as follows:
	· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots.



In this contribution, we provide our views on corresponding enhancements based on the following output achieved in SI phase [2].
	TB processing over multi-slot PUSCH was studied from several aspects, including TBS determined based on single slot and transmitted in parts over multiple slots, TBS determined based on multiple slots and transmitted over multiple slots. Potential specification impacts of TB processing over multi-slot PUSCH include: TDRA (Time-Domain Resource Allocation), TBS determination, RV determination. Note that power consistency, phase continuity and enhancements for DM-RS configurations may or may not be required depending on factors such as cross-slot channel estimation, etc.



TB processing over multi-slot PUSCH 
Time domain resource determination
· Transmission pattern in the time domain
In Rel-15/16, for PUSCH type A repetition, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot when the number of repetitions K is larger than 1. It would be further enhanced by the number of slots counted by the available UL slots in this WI. If collision happens in one slot due to DL/UL interaction, the repetition in this slot is omitted. For repetition type B, the nominal repetition is back-to-back transmitted while one nominal repetition could be segmented to multiple actual transmissions if the nominal repetition across slot boundary or colliding with invalid symbols. Then, one question is ‘whether the transmission pattern in the time domain should follow that of defined for PUSCH repetition type A or type B or both?’. 
In our view, PUSCH repetition type B is mainly for low latency by allowing back-to-back transmissions in one slot. For coverage enhancement, PUSCH repetition type A is sufficient. Thus, the transmission pattern in the time domain for PUSCH repetition type A could be a starting point for the time domain resource determination of TB processing over multiple slots.
Proposal 1: For time domain resource determination of TB processing over multiple slots, legacy rules specified for PUSCH repetition type A could be a starting point. 
Based on Proposal 1, more detailed analysis is provided for time domain resource determination for TB processing over multiple slots in the following. 
· Indication of the number of slots for TB processing over multiple slots
In Rel-16, dynamic repetition indication is supported for both repetition type A and repetition type B. An additional column is added in TDRA table to indicate the number of repetitions, and the time resource allocation field in DCI (for DG or type 2 CG) or by RRC (for type 1 CG) is used to indicate one row of the TDRA table. Similar rule could be used for dynamic indication of the number of slots for TB processing over multiple slots. As a result, we have the following proposal. 
Proposal 2: For TB processing over multiple slots, the number of slots is jointly coded with the TDRA table. 
· Collision handling due to DL/UL interaction
The Rel-15 collision handling rules are summarized as follows according to [3]. From our perspective, the legacy rules could be reused by replacing a repetition to a slot of the multiple slots for TB processing. New collision handling rules can be considered only if strong motivation is identified. 
	Summary of Rel-15 behavior
· For DG PUSCH and the first PUSCH after Type 2 CG activation DCI
· Regardless of whether dynamic SFI is configured or not, 
· The case without repetition: no conflict with semi-static DL symbol is expected.
· The case with repetitions: if a repetition conflicts with a semi-static DL symbol, the repetition is not transmitted.
· If dynamic SFI is configured,
· DG
· The case with and without repetition: follow the dynamic grant. No conflict with dynamic DL symbols is expected.
· The first PUSCH after Type 2 CG activation DCI
· The case with and without repetition: follow the activation DCI. No conflict with dynamic DL/flexible symbols is expected.
· For CG PUSCH (other than the first PUSCH after Type 2 CG activation DCI)
· If dynamic SFI is not configured, 
· The case with and without repetition: if a repetition conflicts with a semi-static DL symbol, the repetition is not transmitted.
· [bookmark: _Hlk18017386]If dynamic SFI is configured and received,
· [bookmark: _Hlk18017561]The case with and without repetition: if a repetition conflicts with a semi-static DL symbol or a dynamic DL/flexible symbol, the repetition is not transmitted.
· If dynamic SFI is configured and not received,
· The case with and without repetition: if a repetition conflicts with a semi-static DL/flexible symbol, the repetition is not transmitted. (there is some timeline defined.)




Proposal 3: For collision handling of TB processing over multiple slots, legacy collision handling rules for PUSCH repetition type A could be reused by replacing a repetition to a slot of the multiple slots for TB processing. 
· Whether to support PUSCH repetition together with TB processing over multiple slots
[bookmark: OLE_LINK7]TB processing over multiples slots is beneficial for coverage enhancement due to using a lower coding rate or higher PSD for transmission. In LTE NB-IOT, TB processing is performed over a set of resource units, each of which can be repeated by several times in the time domain. Similar approach could be considered in NR. However, this should be further discussed considering it may cause more specification impacts. For instance, the RV pattern and repetition pattern should be defined.  
Proposal 4: Discuss whether to support PUSCH repetition together with TB processing over multiple slots. 
TBS determination 
For TB processing over multiple slots, TBS is determined based on multiple slots, i.e., the number of available REs for TBS determination are the total REs in the multiple slots excluding the reference signals. In this context, the TBS will be larger than that of defined in Rel-15/16, and it may exceed UE transmission or gNB reception buffer size. In addition, the WI is for coverage enhancement instead of enlarging the throughput. A cell edge UE with a larger TBS would impose a greater challenge for coverage performance due to the limited power budge. Thus, the maximum TBS per HARQ process should be limited to not exceed legacy TBS when TB processing over multiple slots is enabled. The detailed method for TBS determination could be further discussed. 
Proposal 5: For TB processing over multiple slots, the maximum supporting TBS per HARQ process should not  exceed legacy TBS in Rel-15/16. 
·  FFS detailed method for TBS determination. 
UCI multiplexing on PUSCH for TB processing 
[bookmark: OLE_LINK55][bookmark: OLE_LINK59]When TB processing over multiple slots is enabled, and UE also sends UCI information during the one or more slots, which overlap with PUSCH transmission over the multiple slots, the UCI multiplexing rules should be discussed. More specifically, the following cases should be discussed.
· Case 1: PUCCH w/o repetition overlaps with PUSCH in one slot of the multiple slots for TB processing in one serving cell. 
· Case 2: PUCCH w/o repetition overlaps with PUSCH in more than one slots of the multiple slots for TB processing in CA with different SCS case. 
· Case 3: PUCCH w/ repetition overlaps with PUSCH in one or more slots of the multiple slots for TB processing in one serving cell. 
· Case 4: PUCCH w/ repetition overlaps with PUSCH in one or more slots of the multiple slots for TB processing in in CA with different SCS case. 
For above four cases, PUCCH with different UCI types and PUSCH with DG or CG transmission should all be considered. In addition, how to calculate the number of REs for UCI multiplexing should also be determined. 
Proposal 6: Discuss the UCI multiplexing rules in case PUCCH overlaps with PUSCH in one or more slots of the multiple slots for TB processing.
Power control determination
In Rel-15/16, the PUSCH transmission power for a PUSCH transmission occasion is determined as follow formula in clause 7.1.1 in TS 38.213.
[image: ]
Where,
 the total symbols was assumed in the transmission occasion of j.
-	[image: ] for [image: ] and [image: ] for [image: ] where [image: ] is provided by deltaMCS for each UL BWP [image: ] of each carrier [image: ] and serving cell [image: ]. If the PUSCH transmission is over more than one layer [6, TS 38.214], [image: ]. [image: ] and [image: ], for active UL BWP [image: ] of each carrier [image: ] and each serving cell [image: ], are computed as below
-	[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ] and assuming no segmentation for a nominal repetition in case the PUSCH transmission is with repetition Type B, [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
When TB processing over multiple slots is enabled and the TBS is determination based on multiple slots for TB processing. Similarly, the PUSCH transmission power determination should also be based on multiple slots and the NRE is the total REs within multiple slots for TB processing excluding the overhead of reference signals. 
Proposal 7: For TB processing over multiple slots, the transmission power determination should be based on the multiple slots for TB processing.  
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For time domain resource determination of TB processing over multiple slots, legacy rules specified for PUSCH repetition type A could be a starting point. 
Proposal 2: For TB processing over multiple slots, the number of slots is jointly coded with the TDRA table. 
Proposal 3: For collision handling of TB processing over multiple slots, legacy collision handling rules for PUSCH repetition type A could be reused by replacing a repetition to a slot of the multiple slots for TB processing. 
Proposal 4: Discuss whether to support PUSCH repetition together with TB processing over multiple slots. 
Proposal 5: For TB processing over multiple slots, the maximum supporting TBS per HARQ process should not  exceed legacy TBS in Rel-15/16. 
·  FFS detailed method for TBS determination. 
Proposal 6: Discuss the UCI multiplexing rules in case PUCCH overlaps with PUSCH in one or more slots of the multiple slots for TB processing.
Proposal 7: For TB processing over multiple slots, the transmission power determination should be based on the multiple slots for TB processing.  
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