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1. Introduction
In RAN#90e, new WID on coverage enhancements was endorsed [1], and PUSCH TB processing over multiple slots is one of the objectives of WID. 
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1] 
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1] 
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4] 
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
In this contribution, we discuss the detailed solutions on PUSCH TB processing over multiple slots.
2. [bookmark: _Ref498564494][bookmark: _Hlk521582650][bookmark: _Ref32326212]Phase continuity for PUSCH with TB processing over multiple slots
1. 
(Note: For purposes of document present, PUSCH with TB processing over multiple slots is also denoted as ‘PUSCH-TBoMS’.)
For PUSCH with TB processing over multiple slots, it has been discussed whether phase continuity needs to be maintained across the multiple slots during SI phase. To maintain phase continuity, even in the case of consecutive transmissions, the same transmission power is expected across the multiple slots, which requires higher UE capability. 
In Rel-16, the phase continuity is not required for PUSCH repetitions generated from the same TB with different RV, gNB performs independent channel estimation on each occasion for PUSCH repetitions. If UE is capable of maintaining phase continuity across multiple PUSCH repetitions, NW may indicate the UE to ensure phase continuity across the multiple occasions for PUSCH repetitions.
Similarly, for PUSCH-TBoMS, the phase continuity across the multiple slots should not be mandatory, and it is up to UE capability to ensure phase continuity for PUSCH over multiple slots.
[bookmark: PP1]Proposal 1: It is up to UE capability to ensure phase continuity for PUSCH with TB processing over multiple slots.
Based on [2], contiguous transmission is also considered as one of the conditions for UE to maintain phase continuity across multiple occasions. Since UE may not support phase continuity for PUSCH TB over multiple slots, the multiple slots for PUSCH-TBoMS can be consecutive or non-consecutive.
[bookmark: _Hlk61341646][bookmark: PP2]Proposal 2: For PUSCH with TB processing over multiples slots, the multiple slots does not need to be consecutive slots.
3. Time domain resouce allocation for PUSCH TB over multiple slots
In Rel-16, resource allocation for a PUSCH occasion provided by gNB is limited within a slot. For PUSCH-TBoMS, multiple slots should be derived from NW indication for the PUSCH transmission. Thus, a new resource allocation indication mechanism should be developed.
In current mechanism, multiple slots/occasions can be scheduled by a single DCI for PUSCH repetition or multiple PUSCH transmissions. For these cases, multiple PUSCH transmission occasions can be derived from TDRA field in DCI format, as shown in Figure 1. Similar approaches to derive the multiple PUSCH occasions can be applied for PUSCH-TBoMS.
For PUSCH repetition Type-A resource allocation, the same starting symbol and length is required in each of the multiple slots. For PUSCH repetition Type-B, the resources are indicated through {starting symbol, nominal length, number of nominal repetitions} provided in TDRA field, and UE derives the resources considering the frame structure, dynamic SFI indication, etc. The time domain resource, i.e., starting symbol and length, is not required to be same in each slot, and the UL resource in the slots can be utilized with higher efficiency. While for multi-PUSCH scheduling, multiple contiguous transmission occasions for different PUSCHs can be indicated by a single DCI, and each TDRA entry in TDRA table contains time domain allocations for multiple PUSCHs. Similar resource allocation methodology can be applied for PUSCH with TB processing over multiple slots in Rel-17.

[bookmark: _Ref39855116]Figure 1. Illustration of PUSCH resource allocation in Rel-16
As shown above, PUSCH repetition Type-B like resource allocation can make full usage of the valid UL resources, hence better coverage can be achieved on the allocated resources in a certain duration. While for PUSCH repetition Type-A like resource allocation, since the same starting symbols and length in each slot is required, some UL symbols cannot be utilized for PUSCH repetition. 
[bookmark: OB1]Observation 1: Type-B PUSCH repetition like resource allocation, for PUSCH TB processing over multiples slots, can take full advantage of UL resources compared with Type-A PUSCH repetition like resource allocation.
The resource allocation for multi-PUSCHs transmission is not restricted by same starting symbols and length in each slot, but the resources are required to be contiguous in time domain, and non-contiguous PUSCH occasions cannot be configured together in TDRA table, which limits efficiency for a UL grant. Nevertheless, the multi-slot PUSCH transmission is introduced in Rel-16 NRU with contiguous transmission considering LBT operation before PUSCH transmissions. The restriction is no longer required for license band. To overcome this drawback, the restriction for contiguous transmission can be removed, and this method can be applied for PUSCH with TB processing over multiple slots. Thus, NW has the flexibility to configure both contiguous and non-contiguous transmission by implementation.
[bookmark: OB2]Observation 2: If multi-PUSCH resource allocation like method is applied to PUSCH with TB processing over multiple slots, contiguous PUSCH occasions are not necessary as that in Rel-16.
Besides, PUSCH occasion across multiple slots can also be realized by extending the PUSCH length L to more than 14 symbols. For example, for DDDSU frame structure, the PUSCH transmission occasion across ‘S’ slot and ‘U’ slot can be indicated, if L>14 can be derived from the scheduling information.

Figure 2. PUSCH resource allocation with length L>14
[bookmark: PP3]Proposal 3: Following options can be considered to indicate transmission occasions for PUSCH with TB processing over multiple slots
· Option 1: PUSCH repetition Type-A/B like time domain resource allocation;
· Option 2: Multi-PUSCH scheduling like resource allocation;
· Option 3: Support time domain length L>14 for resource allocation.
4. UCI multiplexing on PUSCH w/ TB processing over multiple slots
UCI multiplexing on PUSCH is supported in Rel-15/16 if conditions are fulfilled. In this section, we will discuss the potential issues for UCI multiplexing on PUSCH w/ TB processing over multiple slots.
4.1. Resources for UCI in PUSCH
[bookmark: _GoBack]In Rel-15/16, the resources on PUSCH for UCI multiplexing is derived based on RRC parameter beta-offset, scaling () and PUSCH length. The number of symbols for UCI multiplexing on a PUSCH is derived based on the following equation.

where  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS. While for PUSCH-TBoMS, the number of symbols for a PUSCH transmission may be far more than legacy PUSCH occasion limited within a slot, which may lead to the number of symbols for UCI greater than UL symbols in a slot. Thus, the reliability for the UCI multiplexed on the PUSCH over multiple slots would be higher compared with UCI multiplexed on PUSCH limited within a slot, if the same set of beta-offset is used. However, the higher performance of UCI on the PUSCH is not required even if it is piggybacked on a PUSCH-TBoMS, and the target performance of UCI should be independent of PUSCH length. Hence, it is not necessary to derive the number of symbols for UCI multiplexing based on the number of symbols for PUSCH across multiple slots. Instead, the number of modulated symbols for UCI multiplexing can be determined based on number of UL symbols for PUSCH transmission occasion within a slot, which is overlapping with the PUCCH. Alternatively, a configured PUSCH length, which is less than 14 symbols, can be used to determine the number of modulated symbols in a PUSCH for UCI multiplexing.
[bookmark: PP4]Proposal 4: For UCI multiplexing on PUSCH with TB processing over multiple slots, the number of modulated symbols in the PUSCH for UCI multiplexing is determined based on
· the number of symbols for PUSCH in a slot, which is overlapping with the PUCCH, or
· a configured PUSCH length, which is less than or equal to 14 symbols.
4.2. Number of UCIs on PUSCH
In Rel-16, UCIs from different PUCCH transmissions can be multiplexed to different PUSCH repetitions, as shown in Figure 3(a). And for each PUSCH, at most 3 coded UCIs can be multiplexed. While for PUSCH-TBoMS, whether PUCCH in different slots can be multiplexed to different PUSCH occasions should be discussed. If such multiplexing behaviour is allowed, it means the UCI multiplexing is performed based PUSCH transmission occasion with in a slot, rather than considering the UL resources across multiple slots as a PUSCH transmission occasion, and more than 3 coded UCIs can be multiplexed across the PUSCH over multiple slots. Thus, the multiplexing behaviour is similar as UCI multiplexing on PUSCH repetition, as shown in Figure 3(b).
 
[bookmark: _Ref61900827][bookmark: _Ref61447698]Figure 3. Illustration of UCI multiplexing on PUSCH with TB processing over multiple slots
[bookmark: PP5]Proposal 5: For PUSCH with TB processing over multiple slots, UCI multiplexing behavior should be performed per PUSCH transmission occasion within a slot, and UCIs can be multiplexed more than once to different PUSCH occasions.
However, the motivation for PUSCH-TBoMS is to enhance PUSCH coverage, the performance would be degraded if the number of modulated symbols for UCI multiplexing is large. Although a proper beta-offset value or alpha value can be configured to UE to avoid excessive PUSCH performance loss, it also leads to degraded performance for UCI, if there is only one UCI would be multiplexed on the PUSCH-TBoMS.
Alternatively, the amount of resources for UCI multiplexing can be optimized to limit the resource allocated for UCI multiplexed in a later PUSCH occasion, if there are already UCI(s) multiplexed on previous PUSCH occasions. For example, different parameters can be used to determine the number of symbols for UCI multiplexing for different times/number of UCI that have already multiplexed in previous occasions of the PUSCH-TBoMS, to make sure less resource occupied for UCI multiplexing.
[bookmark: PP6]Proposal 6: The amount of resources for UCI multiplexing can be optimized to limit the resource allocated for UCI multiplexed in a later PUSCH occasion, if there are already UCI(s) multiplexed on previous PUSCH occasions 
Besides, as discussed in our companion paper [3], UE does not expect to detect a DCI, indicating a PUCCH resource for HARQ-Ack in a later slot, if UE detects a DCI in previous slot scheduling a PUSCH transmission, and the HARQ-Ack information be multiplexed on the PUSCH transmission. Hence, it may cause scheduling restrictions for PDSCH before the PUSCH repetitions are completed. The HARQ-Ack can be transmitted only after transmission of PUSCH repetitions have been completed, which leads to long delay for HARQ-Ack feedback and restricted PDSCH scheduling. Similarly, this issue also arises in DL heavy TDD frame structure if it takes too long for UE to complete the transmission for PUSCH-TBoMS, as shown in Figure 4.
 
[bookmark: _Ref61900812][bookmark: _Ref61468030]Figure 4. PDSCH scheduling restriction when PUSCH over multiple slots is scheduled
[bookmark: OB3]Observation 3: If it takes too long for UE to finish the transmission of PUSCH with TB processing over multiple slots, it leads to some scheduling restrictions on PDSCH scheduling in DL heavy TDD configuration.
· The HARQ-Ack delay is long if associated DL scheduling DCI comes after the UL grant for the PUSCH with TB processing over multiple slots, and comes before the PUSCH transmissions have been completed.
To overcome this drawback, the above timeline restriction can be removed to facilitate DL scheduling and HARQ-Ack feedback. However, it also leads to a more stringent timeline for UCI multiplexing on the PUSCH-TBoMS. Instead of mapping the PUSCH to transmission occasion in rate matching manner, a looser timeline can be achieved if the UCI is mapped to the PUSCH occasion by puncturing some PUSCH symbols, since UE does not need to regenerate baseband signal of all symbols in the PUSCH resource.
[bookmark: PP7]Proposal 7: HARQ-Ack multiplexing on PUSCH with TB processing over multiple slots can be allowed if HARQ-Ack for the scheduling DCI comes after the UL grant for the PUSCH
· The HARQ-Ack can be mapped to the PUSCH resource by puncturing some symbols in the PUSCH occasion.

5. Repetition for PUSCH with TB processing over multiple slots
In Rel-16, PUSCH repetition is supported and each repetition is contained within a slot. Multiple repetitions can be scheduled by a single UL grant DCI for higher reliability, and PDCCH overhead can be reduced since DCI for retransmission can be saved. 
While for PUSCH-TBoMS, multiple slots can be scheduled for PUSCH transmssion by a single DCI. Therefore, coverage can be ensured, and PDCCH overhead can be saved as that for PUSCH repetitions. Considering the PDCCH overhead is already reduced for PUSCH-TBoMS scheduling, it is less necessary to support PUSCH-TBoMS with repetition triggered by a single UL grant. Dynamic indication of retransmission can used if the initial transmission is not corrected decoded at gNB.
Futhermore, as disccussed in last section, PUSCH-TBoMS across too much slots may lead to certain restrictions on DL scheduling before the PUSCH transmission completed. PUSCH-TBoMS with repetition will make this issue even worse. Hence, PUSCH-TBoMS with repetition is not necessary.
[bookmark: PP8]Proposal 8: For PUSCH with TB processing over multiple slots, PUSCH repetition is not supported.

6. MIMO layers for PUSCH with TB processing over multiple slots
Both PUSCH repetition and PUSCH with TB processing over multiple slots are motivated for improved reliability, and for PUSCH repetition Type A, in case number of repetitions K>1, the PUSCH is limited to a single transmission layer in Rel-16. Multi-layer PUSCH is not a typical use case for PUSCH-TBoMS, which is motivated for coverage enhancement rather than higher data rate. Therefore, PUSCH with TB processing over multiple slots should also be limited to single transmission layer.
[bookmark: PP9]Proposal 9: PUSCH with TB processing over multiple slots should be limited to single transmission layer.
7. Conclusion
In this contribution, we discussed the potential issues for PUSCH with TB processing over multiple slots. Based on the discussion in previous sections, and we have the following proposals:
Proposal 1: It is up to UE capability to ensure phase continuity for PUSCH with TB processing over multiple slots.
Proposal 2: For PUSCH with TB processing over multiples slots, the multiple slots does not need to be consecutive slots.
Observation 1: Type-B PUSCH repetition like resource allocation, for PUSCH TB processing over multiples slots, can take full advantage of UL resources compared with Type-A PUSCH repetition like resource allocation.
Observation 2: If multi-PUSCH resource allocation like method is applied to PUSCH with TB processing over multiple slots, contiguous PUSCH occasions are not necessary as that in Rel-16.
Proposal 3: Following options can be considered to indicate transmission occasions for PUSCH with TB processing over multiple slots
· Option 1: PUSCH repetition Type-A/B like time domain resource allocation;
· Option 2: Multi-PUSCH scheduling like resource allocation;
· Option 3: Support time domain length L>14 for resource allocation.
Proposal 4: For UCI multiplexing on PUSCH with TB processing over multiple slots, the number of modulated symbols in the PUSCH for UCI multiplexing is determined based on
· the number of symbols for PUSCH in a slot, which is overlapping with the PUCCH, or
· a configured PUSCH length, which is less than or equal to 14 symbols.
Proposal 5: For PUSCH with TB processing over multiple slots, UCI multiplexing behavior should be performed per PUSCH transmission occasion within a slot, and UCIs can be multiplexed more than once to different PUSCH occasions.
Proposal 6: The amount of resources for UCI multiplexing can be optimized to limit the resource allocated for UCI multiplexed in a later PUSCH occasion, if there are already UCI(s) multiplexed on previous PUSCH occasions 
Observation 3: If it takes too long for UE to finish the transmission of PUSCH with TB processing over multiple slots, it leads to some scheduling restrictions on PDSCH scheduling in DL heavy TDD configuration.
· The HARQ-Ack delay is long if associated DL scheduling DCI comes after the UL grant for the PUSCH with TB processing over multiple slots, and comes before the PUSCH transmissions have been completed.
Proposal 7: HARQ-Ack multiplexing on PUSCH with TB processing over multiple slots can be allowed if HARQ-Ack for the scheduling DCI comes after the UL grant for the PUSCH
· The HARQ-Ack can be mapped to the PUSCH resource by puncturing some symbols in the PUSCH occasion.
Proposal 8: For PUSCH with TB processing over multiple slots, PUSCH repetition is not supported.
Proposal 9: PUSCH with TB processing over multiple slots should be limited to single transmission layer.
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