3GPP TSG RAN WG1 #105-e		R1-2104377
e-Meeting, May 10th – 27th, 2021

Source:	vivo
[bookmark: Title]Title:	Discussion on PUSCH TB processing over multiple slots
[bookmark: Source]Agenda Item:	8.8.1.2
Document for:	Discussion and Decision
1. Introduction
[bookmark: _Ref498564494][bookmark: _Hlk521582650][bookmark: _Ref32326212]In previous RAN1 meetings, TB processing over multiple slots (TBoMS) was discussed, and several agreements were made. We will further discuss on the detailed solutions for TBoMS in this contribution.
2. Time domain resouce allocation for PUSCH TB over multiple slots
In RAN1#104e meeting, following agreements were made on time domain resource allocations for TBoMS.
	Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS
· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different


Both type-A and type-B PUSCH repetition like TDRA are discussed for TBoMS resource allocation. 
For PUSCH repetition Type-A resource allocation in Rel-16, the same starting symbol and length is required in each of the multiple slots. If at least one of the symbols allocated is not available in the slot, PUSCH is not mapped on that slot. Hence, some uplink or flexible symbols are not used to PUSCH transmission. However, these resources can be reserved for SRS or PUCCH transmissions. For example, the UL resources in special slot in unpaired spectrum, can be reserved for SRS or PUCCH, and full UL slot can be allocated for TBoMS, as shown in Figure 1(a).
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. Typically, repetition type-B like TDRA is introduced for low latency services, and it occupies all of the available UL resources, and no resources are reserved for other UL transmissions like SRS or PUCCH, unless NW configures invalid symbol patterns to reserve some UL resources, as shown in Figure 1(b). 
[image: ]
Figure 1. Illustration of PUSCH resource allocation in Rel-16
The advantages of type-B repetition like TDRA over type-A repetition like TDRA is that the resources in special slot can be fully utilized. However, considering some UL symbols should be reserved for PUCCH or SRS transmission, the benefit of supporting type-B repetition like TDRA is limited. Hence, type-A PUSCH repetition like TDRA can be adopted for TBoMS for simplicity.
[bookmark: PP1]Proposal 1: PUSCH repetition Type-A like TDRA is adopted for resource allocation for TBoMS, i.e. the available resource for TBoMS is determined per slot basis.

3. TBoMS and TOT
In RAN1#104b-e, the definition of TBoMS, including definition of transmission occasion of TBoMS, and RV mapping metholds were discussed, and following agreements were made.
	Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots
· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions
· FFS: other details. 
· FFS: whether such concept will be specified or not.

Agreements:
For the definition of a single TBoMS, down select among the following options:
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 
· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· FFS: the exact TBS determination procedure. 
· FFS: whether a single TBoMS can be repeated or not.
· FFS: other implications, e.g., power control, collision handling and so on.


In this section, we will discuss the four options for definition of ToT and TBoMS, RV determination and rate-matching. 
3.1. [bookmark: _Ref71366164]Definition of TBoMS
In current PUSCH channel design, transmission occasion concept is used in physical channel generation, although no explicit wording of ‘transmission occasion’ was found in specification. For example, in Type-A PUSCH repetition, the transmission occasion can be regarded as the contiguous L symbols derived from the UL grant, which is used for TB size determination and RV refreshing when there are at least two repetitions. Specifically, TB size is determined based on resources in a Tx occasion, and RV is refreshed across different TOTs.
[bookmark: OB1]Observation 1: Concept of transmission occasion is used in current mechanism for PUSCH channel generation.
· TB size is determined based on resources in a Tx occasion, and
· RV is refreshed across different TOTs.
Similarly, TBS size determination, RV determinatin and refreshing should also be considered when discussing the four options for Tx occasion for TBoMS.
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
Considering the TOT can be composed of consecutive and non-consecutive slots in option 1, and both continuous RV mapping and RV refreshing can be considered for the non-consecutive slots with in a ToT, option can be further divided to the following sub-options.
· Option 1(a): TOT is composed of consecutive slots, and a single RV does not map across TOTs;
· Option 1(b): TOT is not limited to be composed of consecutive slots, and a single RV can be mapped across non-consecutive slots in a TOT
· Option 1(c): TOT is not limited to be composed of consecutive slots, and a single RV is refreshed across non-consecutive slots in a TOT;
Note that the multiple TOTs are not necessarily to be transmitted in consecutive slots in the following discussion. The 3 sub-options are illustrated in Figure 2(a), Figure 2(b) and Figure 2(c).






[bookmark: _Ref71656124]Figure 2. Opt-1. Only one RV in a TOT
Option 1(a) is similar to the mechanism for a normal PUSCH generation, which is further extended to TBoMS when TOT is composed of multiple consecutive slots. For a different TOT, a new RV can be transmitted. Thus, repetition + TBoMS can be supported.
For option 1(b), the TOT is composed of non-consecutive slots, it means UE need to map RV continuously across non-consecutive slots, and the UE has to memorize segment of the TB after mapping partial TB on slot n until next transmission occasion on slot n+x where x can be few slots. From implementation wise it is extra burden on UE. Note that, even for type-B PUSCH repetition, continuous RV mapping across non-consecutive transmission is not required, and RV is refreshed based on RV cycling mechanism after each segement. 
Alternatively, in option 1(c), slots in a Tx occasion can be non-consecutive, while RV should be refreshed, i.e. mapped from the starting bits of the RV, when a TBoMS is transmit across non-consecutive slots within a TOT, as shown in Figure 3(c). Thus, UE does not need to memorize the bit index for the suspended RV. 
However, TB size is typically determined based on all UL symbols in a Tx occasion. If RVs are refreshed within a Tx occasion, some redundancy bits, even the systematic bits, would never be transmitted, which makes the RV not self-decodable. While if the TB size is determined based on subset of the slots in a TOT, e.g. consecutive slots in a TOT, it will further complicate the mechanism of TB size determination.
Hence, considering the complexity in RV mapping in option-1(b), and spec impact to ensure the RV self-decodable in option 1(c). Option 1(a), i.e., ToT composed of consecutive slots is preferred, if option-1 is adopted.
[bookmark: OB2]Observation 2: RV mapping across non-consecutive slots leads to extra burden in UE implementation.
[bookmark: OB3]Observation 3: If RV is refreshed with in a TOT, TBoMS may not be self decodable, if TB size is determined based on all resources in a TOT.
[bookmark: PP2]Proposal 2: TOT should be composed of consecutive slots if option-1 is adopted.
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs. 
In option 2, multiple RVs (repetitions) are transmitted in a single TOT, as shown in Figure 3. This option may avoid RV mapping across non-consecutive slots if RV is refreshed for non-consecutive slots. The RV refreshing may be caused by non-consecutive transmission or further introducing concept of sub-TOT level resource definition. Hence, option 2 can be further divided to the following sub-options from TB size determination perspective:
· Option 2(a): TB size is determined based on all slots/symbols in a TOT;
· Option 2(b): TB size is determined based on a subset of slots/symbols within a TOT;


Figure 3. Opt-2. Multiple RVs within a TOT
Similar to that in option 1(c), none self-decodable issue also happens for option 2(a), since RV is refreshed in a TOT. Similarly, if the TB size is determined based on subset of the slots in a TOT, i.e. option 2(b), it will further complicate the mechanism of TB size determination.
[bookmark: OB4]Observation 4: In option 2, a RV may be not self-decodable if TB size is determined based on all symbols/slots in a TOT, and RVs are refreshed within a TOT.
Even if new mechanisms, such as using subsets of symbols or slots within a TOT to calculate the TB size, are developed to make sure the RV self-decodable, option 1(a) can be employed to generate the same signals for TBoMS, which matches better to the logic for TB size determination in current mechanism. Thus, this option is inferior to option 1(a) from spec impact perspective. Hence, option 2 is not preferred.
[bookmark: _Hlk71368285][bookmark: PP3]Proposal 3: Option 2 is not supported for TBoMS definition.
· Option 3/4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV (option-3) or different RVs (option-4). 
For option 3 and option 4, since TBoMS is composed of multiple TOTs, which can be consecutive or non-consecutive. Hence, there is no need to support TOT composed of non-consecutive TOTs, if option 3/4 is adopted. Otherwise, the TBoMS design would be too complicated.
[bookmark: PP4]Proposal 4: TOT is limited to consecutive physical slots, if option 3/4 is adopted.
Similar to option 2, option 3 can also be divided to the following two sub-options, from TB size determination perspective. 
· Option 3(a): TB size is determined based on all slots/symbols in a TOT, RV is determined based on resources within a TOT, and the same RV is repeated in multiple TOTs.
· Option 3(b): TB size is determined based on all slots/symbols in multiple TOTs, and RV is determined based on resources in multiple TOTs, and the same RV is mapped continuously across multiple TOTs.




[bookmark: _Ref71656182]Figure 4. Opt-3 Multiple ToTs to transmit TBoMs using a single RV


Figure 5. Opt-4 Multiple ToTs to transmit TBoMs using different RVs
As shown in Figure 4, similar channel structure as that for option-1(b) can be generated if option 3 is used, although the definitions for TBoMS are different, the same signal can be generated.
Option 3(a) is comparable with option 1(c), for a single TBoMS transmission using a single RV. While self-decodable RV and be better guaranteed using option 3(a), since TB size is determined based on resources in a single TOT. Compared with option 1(c), in which TB size is determined based on subset of symbols/slots within a TOT, option 3(a) matches with the logic for current TB size determination mechanism better. 
The only difference between option 3(a) and option 4 is that different RVs can be used for the multiple TOTs. And it also means RV is refreshed for each TOT. For option 4, same signal can be generated as that for option 1(a) and option 2. Hence, both option 3(a) and option 4 can be regarded as repetition + TBoMS.
Option 3(b) is similar to option 1(b), RV mapping continuously across multiple TOTs will lead to complexity in UE implementation. Besides, RV mapping continuously across multiple TOTs is also new mechanism compared with current PUSCH design.
[bookmark: PP5]Proposal 5: Option 3 can be considered for TBoMS definition, with the following restrictions 
· TB size is determined based on all slots/symbols in a TOT, and
· the RV is refreshed for each of the multiple TOTs.
[bookmark: PP6]Proposal 6: Option 4 can be considered for TBoMS definition.
Based on the discussion above, the proposed options and corresponding details, are provided in the following table. It can be observed that there are similarities for option 1a, option 3a, and option 4a, which are
· TOT is composed of consecutive slots, and
· TB is transmitted in a TOT using a single RV, and TB size is determined based on all slots/symbols in a TOT, and
· RV is refreshed across different TOTs.
[bookmark: _Ref53480048]Table 1. Summary on detailed designs for each solution
	　
	Consecutive Slots
 for a TOT
	Single RV
 for a TOT
	RV mapping
 across TOTs
	TB size calc based on:
(a): Single TOT
(b): Subset of slots in a TOT
(c): Multiple TOTs

	Opt-1a
	Yes
	Y
	N
	(a)

	Opt-1b
	No limit
	Y
	Y
	(a)

	Opt-1c
	No limit
	Y
	N
	(a)

	Opt-2a
	No limit
	N
	N
	(a)

	Opt-2b
	No limit
	N
	N
	(b)

	Opt-3a
	Yes
	Y
	N
	(a)

	Opt-3b
	Yes
	Y
	Y
	(c)

	Opt-4a
	Yes
	Y
	N
	(a)

	Opt-4b
	Yes
	Y
	N
	(c)


[bookmark: PP7]Proposal 7: Option 1/3/4 can be considered for TBoMS definition, with the following restrictions 
· TOT is composed of consecutive slots, and
· TB is transmitted in a TOT using a single RV, and TB size is determined based on all slots/symbols in a TOT, and
· RV is refreshed across different TOTs.

3.2. Definition of TOT
As discussed in section 3.1, TOT is composed of multiple consecutive slots, and it is used to determine the TB size and RV of a TBoMS. While for PUSCH repetition type-A like TDRA in Rel-16, the available resource is determined in slot level, the slot can be determined as not available for PUSCH repetition due to collision with semi-static SFI and RRC configured DL transmissions, and etc. It means the actual number of available slots could be less than the nominal number of slots in a TOT, which can be derived from RRC configuration or UL grant.
Observation 5: The actual number of available slots in TOT can be less than the nominal number of slots of TOT. 


(a)                                                                                     (b)
[bookmark: _Ref71656044]Figure 6. Illustration of PUSCH resource allocation in Rel-16
As shown in Figure 6(a), a nominal TOT can be segmented to several actual TOTs. As discussed earlier, RV mapping across non-consecutive slot is not preferred. One solution is to refresh the RV for each actual TOT, as discussed in section 3.1. 
Alternatively, it can be considered as an error cases if a nominal TOT is segmented to non-consecutive transmission occasions, i.e., it is up to NW to avoid a TOT to be segmented to non-consecutive physical slots. In this case, the structure of actual TOT shown in Figure 6 (b) can be allowed, and RV is still mapped to the consecutive slots in an actual TOT. While the case as shown in Figure 6(a) is considered as an error case.
[bookmark: PP8]Proposal 8: If one of the multiple slots in a nominal TOT, is not available, following alternatives can be considered for RV mapping
· Alt-1: The nominal TOT can be segmented to several actual TOTs, and RV is refreshed for each actual TOT;
· Alt-2: UE does not expect a nominal TOT to be segmented to several actual TOTs, and a single RV is mapped to the consecutive slots in an actual TOT.

3.3. Repetition on top of TBoMS
In previous meetings, whether to support repetition on top of TBoMS was also discussed. In our understandings, TBoMS with repetition should be supported. Otherwise, TBoMS cannot achieve better coverage compared with legacy PUSCH repetition schemes. The proposed definition for TBoMS and TOT can also support repetition well, i.e. TBoMS can be transmitted in repetition manner in multiple TOTs, and each TOT is used to transmit a repetition for TBoMS.
[bookmark: PP9]Proposal 9: TBoMS can be transmitted in repetition manner in multiple TOTs, and each TOT is used to transmit a repetition for TBoMS.

4. TB size determination for TBoMS
In previous meetings, following agreements are made on TB size determination for TBoMS.
	Agreements:
One or two of the following approaches will be considered as a starting point to decide how NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-e):
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K
Note: L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.

Agreements:
One or two of the following options will be considered (aiming for down-selection in RAN1#104b-e) to calculate NohPRB for TBoMS:
· Option 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Option 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: if either the number of symbols or the number of slots is used. 
· FFS: if xOverhead is separately configured from the one in Rel-15/16.
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.


There are several issues having impacts on the detailed solutions for TB size determination for TBoMS:
· Whether TBoMS + repetition is supported by single UL grant;
· Type-A or Type-B repetition like TDRA for TBoMS.
As discussed in section 2 and 3, type-A PUSCH repetition like TDRA should be supported for TBoMS, and repetition for TBoMS can be scheduled for a single UL grant. An UL grant would trigger repetitions on multiple TOTs, and TB size is determined based on the number of resources of a TOT, instead of all the scheduled resources for TBoMS with repetitions. Hence, approach 2 should be adopted for NInfo determination. Furthermore, since type-A repetition like TDRA is preferred for TBoMS, and the number of available symbols are same in the multiple slots, NInfo can be scaled by K, where K is the number of slots in the first Tx occasion/repetition.
Note that, although the number of available slots in a TOT can be less than the nominal number of slots of the TOT, the TB size can still be determined based on the norminal number of slots, which is similar to TB size determination in Type-B PUSCH repetition, in which case the TB size is always determined based on nominal symbol number for the PUSCH.
[bookmark: PP10]Proposal 10: Approach 2 is adopted for NInfo determination i.e. NInfo is scaled by K, where K is number of slots in the first TOT/repetition.
Similarly for NohPRB determination, same number of symols are allocated for each slot allocated when type-A TDRA is adopted for TBoMS. Hence, NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
[bookmark: PP11]Proposal 11: Option 1 is adopted for NohPRB determination, i.e. NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated.
Based on the discussion above, the procedure for TB size determination are summarized as follows,
Step 1: A UE first determines the number of REs allocated for PDSCH within a PRB () by 
[bookmark: _Hlk65077873]Step 2: A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE.
Step 3: Unquantized intermediate variable () is obtained by  
· Where K is the number of slots allocated
Step 4: Calculate TB size based on  as that in Rel-16.

5. UCI multiplexing on TBoMS
In Rel-16, transmission parameter of PUSCH can be changed if overlapping with PUCCH. In this section, we will discuss the UCI multiplexing issues for TBoMS.
1. 
2. 
3. 
4. 
5. 
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 which is limited within a slot, if the same set of beta-offset is used. However, 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. 
[bookmark: PP12]Proposal 12: 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.
6. MIMO layers for TBoMS
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: PP13]Proposal 13: 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: PUSCH repetition Type-A like TDRA is adopted for resource allocation for TBoMS, i.e. the available resource for TBoMS is determined per slot basis.
Observation 1: Concept of transmission occasion is used in current mechanism for PUSCH channel generation.
· TB size is determined based on resources in a Tx occasion, and
· RV is refreshed across different TOTs.
Observation 2: RV mapping across non-consecutive slots leads to extra burden in UE implementation.
Observation 3: If RV is refreshed with in a TOT, TBoMS may not be self decodable, if TB size is determined based on all resources in a TOT.
Proposal 2: TOT should be composed of consecutive slots if option-1 is adopted.
Observation 4: In option 2, a RV may be not self-decodable if TB size is determined based on all symbols/slots in a TOT, and RVs are refreshed within a TOT.
Proposal 3: Option 2 is not supported for TBoMS definition.
Proposal 4: TOT is limited to consecutive physical slots, if option 3/4 is adopted.
Proposal 5: Option 3 can be considered for TBoMS definition, with the following restrictions 
· TB size is determined based on all slots/symbols in a TOT, and
· the RV is refreshed for each of the multiple TOTs.
Proposal 6: Option 4 can be considered for TBoMS definition.
Proposal 7: Option 1/3/4 can be considered for TBoMS definition, with the following restrictions 
· TOT is composed of consecutive slots, and
· TB is transmitted in a TOT using a single RV, and TB size is determined based on all slots/symbols in a TOT, and
· RV is refreshed across different TOTs.
Observation 4: In option 2, a RV may be not self-decodable if TB size is determined based on all symbols/slots in a TOT, and RVs are refreshed within a TOT.
Proposal 8: If one of the multiple slots in a nominal TOT, is not available, following alternatives can be considered for RV mapping
· Alt-1: The nominal TOT can be segmented to several actual TOTs, and RV is refreshed for each TOT;
· Alt-2: UE does not expect a nominal TOT to be segmented to several actual TOTs, and a single RV is mapped to the consecutive slots in an actual TOT.
Proposal 9: TBoMS can be transmitted in repetition manner in multiple TOTs, and each TOT is used to transmit a repetition for TBoMS.
Proposal 10: Approach 2 is adopted for NInfo determination i.e. NInfo is scaled by K, where K is number of slots in the first TOT/repetition.
Proposal 11: Option 1 is adopted for NohPRB determination, i.e. NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated.
Proposal 12: 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.
Proposal 13: PUSCH with TB processing over multiple slots should be limited to single transmission layer.
[bookmark: _GoBack] 
References
1. [bookmark: _Ref53424964][bookmark: _Ref47295276][bookmark: _Ref40432026][bookmark: _Ref32217893][bookmark: _Ref40002419]RP-202928, New WID on NR coverage enhancements, RAN#90.
1. [bookmark: _Ref68635820]R1-2102241, FL summary of TB processing over multi-slot PUSCH (AI 8.8.1.2)

Microsoft_Visio_Drawing.vsdx





Tx Occasion

TB determined using N consecutive slots & single RV
Tx Occasion
(a): one TO is composed of consecutive slots and a single RV is mapped to a TOT
RV-X
……

Potentially for TBoMS repetition?
……



image3.emf
TB determined using N 

non-consecutive slots & 

single RV

(b): One TO is composed of non-consecutive slots, and RV is 

mapped continuously in the TOT

RV-X(1

st

 part)

RV-X(2

nd

 part)

Tx Occasion

ĂĂ ĂĂ


Microsoft_Visio_Drawing1.vsdx






TB determined using N non-consecutive slots & single RV
(b): One TO is composed of non-consecutive slots, and RV is mapped continuously in the TOT
RV-X(1st part)
RV-X(2nd part)
Tx Occasion
……
……



image4.emf
TB determined using N 

non-consecutive slots & 

single RV

RV-X

RV-X

Tx Occasion

ĂĂ ĂĂ

(c): One TO is composed of non-consecutive slots and 

the single RV is refreshed within a TOT


Microsoft_Visio_Drawing2.vsdx






TB determined using N non-consecutive slots & single RV
RV-X
RV-X
Tx Occasion
……
……
(c): One TO is composed of non-consecutive slots and the single RV is refreshed within a TOT



image5.emf
(Non-)zero gap

Tx Occasion

TB determined using one 

TO with non-consecutive 

slots & multiple RVs

Opt-2: One TO is composed of non-consecutive slots and RV is 

refreshed within a TOT

RV-X RV-Y

ĂĂ ĂĂ


Microsoft_Visio_Drawing3.vsdx


(Non-)zero gap


Tx Occasion

TB determined using one TO with non-consecutive slots & multiple RVs
Opt-2: One TO is composed of non-consecutive slots and RV is refreshed within a TOT
RV-X
RV-Y
……
……



image6.emf
TB determined using N  

TOs & single RV

Tx Occasion

RV-X

RV-X

Tx Occasion

ĂĂ ĂĂ

Opt-3(a): Multiple TOs to transmit TBoMS using single RV 

and the single RV is refreshed across TOTs 


Microsoft_Visio_Drawing4.vsdx






TB determined using N  TOs & single RV
Tx Occasion
RV-X
RV-X
Tx Occasion
……
……
Opt-3(a): Multiple TOs to transmit TBoMS using single RV and the single RV is refreshed across TOTs



image7.emf
TB determined using N  

TOs & single RV

Tx Occasion

Opt-3(b): Multiple TOs to transmit TBoMS using single 

RV and RV is mapped continuously across TOTs

RV-X(1

st

 part)

RV-X(2

nd

 part)

Tx Occasion

ĂĂ ĂĂ


Microsoft_Visio_Drawing5.vsdx






TB determined using N  TOs & single RV
Tx Occasion
Opt-3(b): Multiple TOs to transmit TBoMS using single RV and RV is mapped continuously across TOTs
RV-X(1st part)
RV-X(2nd part)
Tx Occasion
……
……



image8.emf
TB determined using N  

TOs & multiple RVs

Opt-4: Multiple TOs to transmit TBoMS using multiple RVs 

RV-X

RV-Y

Tx Occasion

Tx Occasion

ĂĂ

ĂĂ


image9.emf
Nominal TOT length

Actual TOT Actual TOT

Nominal TOT length

Actual TOT

Slot not 

available

Slot not 

available


Microsoft_Visio_Drawing6.vsdx




Nominal TOT length
Actual TOT
Actual TOT




Nominal TOT length
Actual TOT
Slot not available
Slot not available



image1.emf
DL 

Gap

UL in special slot

Full UL slot

TBoMS

Not available resources

TBoMS

Invalid symbols 

configured by NW

(a) Type-A repetition like TDRA

(b) Type-B repetition like TDRA


image2.emf
Tx Occasion

TB determined using 

N consecutive slots & 

single RV

Tx Occasion

(a): one TO is composed of consecutive slots and a 

single RV is mapped to a TOT

RV-X ĂĂ

Potentially for 

TBoMS repetition?

ĂĂ



3GPP TSG RAN WG1 


#


10


5


-


e


 


 


R1


-


2


1


04377


 


e


-


Meeting, May 10th 


–


 


27th, 2021


 


 


Source:


 


vivo


 


Title:


 


Discussion on 


PUSCH TB processing over multiple slots


 


Agenda Item:


 


8.


8


.


1.2


 


Document for:


 


Discussion


 


and Decision


 


1.


 


Introduction


 


In


 


previous RAN1 meetings


, 


TB processing


 


over multiple slots (TBoMS) 


was 


discussed, and several 


agreements were made. We will further discuss on the detailed solutions for TBoMS in this contribution.


 


2.


 


Time domain resouce allocation for 


PUSCH TB


 


over 


multiple slots


 


In RAN1#104e meeting, following 


agreements were made on time domain resource allocations for TBoMS.


 


Agreement:


 


•


 


Consider one or two of the following options as starting points to design time domain 


resource determination of TBoMS


 


o


 


PUSCH repetition type A like TDRA, i.e., the number of allo


cated symbols is the 


same in each slot.


 


o


 


PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each 


slot can be different


 


Both


 


type


-


A and type


-


B PUSCH repetition like TDRA


 


are discussed for TBoMS resource allocation. 


 


F


or PUSCH repeti


tion Type


-


A resource allocation in Rel


-


16, the same starting symbol and length is required 


in each of the multiple slots. If at least one of the symbols allocated is not available in the slot, PUSCH is 


n


ot 


mapped 


on


 


th


at


 


slot. Hence, some uplink or flexibl


e symbols are not used to PUSCH transmission. However, 


these resources can be reserved for SRS or PUCCH transmissions. For example, the UL resources in special 


slot in unpaired spectrum, can be reserved for SRS or PUCCH, and full UL slot can be allocated f


or TBoMS, 


as shown in


 


Figure 


1


(a)


.


 


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, 


dynam


ic 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. Typically, repetition 


type


-


B like TDRA is introduced for 


l


ow


 


latency services, and it occupies all of the available UL resources, 


and no resources are reserved for other UL transmissions like SRS or PUCCH, unless NW configures invalid 


symbol patterns to reserve some UL resources, as shown in


 


Figure 


1


(b). 
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