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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 the remaining aspects for TBoMS in this contribution.
2. TBoMS repetition
In previous meetings, TBoMS repetition was agreed, and following agreements were made.
	Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· 
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M
Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, at least the legacy Rel-15/16 inter-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.
Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, the legacy Rel-15/16 intra-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.


The remaining issue for TBoMS repetition includes the following
· Further constraints on N*M ;
· Whether to support additional frequency hopping schemes for TBoMS
· Constraints on N*M
In previous meetings, N*M not greater than 32 have been agreed, and value range of N and M have been agreed. All combinations of N*M can be supported, as long as N*M is not greater than 32.
[bookmark: PP1]Proposal 1: All combinations of N*M based on candidate values of N and M can be supported, as long as N*M is not greater than 32.
· Whether to support additional frequency hopping schemes for TBoMS
Both intra-slot frequency hopping and inter-slot frequency hopping have been supported for TBoMS. Besides, inter repetition frequency hopping for TBoMS repetitions is proposed by companies, and frequency hopping may be performed per N available slots. However, additional benefit of supporting this new frequency hopping pattern is doubtful.
If DMRS bundling is not enabled for TBoMS, frequency domain diversity can also be obtained through inter-slot frequency hopping. The inter-repetition frequency hopping pattern may lead to less frequent frequency hopping compared to inter-slot FH, which may lead to degraded performance in decoding the first TBoMS repetition, and prevents NW from decoding the data in TBoMS earlier.
If DMRS bundling is enabled for TBoMS, the frequency hopping granularity can be more than 1 slots, which depends on the outcome of AI 8.8.2. The inter-slot frequency hopping pattern with DMRS bundling is expected to obtain performance gain from both joint channel estimation and frequency hopping, the benefit of further supporting inter-repetition frequency hopping needs to be justified.
[bookmark: PP2]Proposal 2: Inter-repetition frequency hopping is not supported for TBoMS.
3. Enabling or disabling TBoMS transmission
In RAN1#106bis, following agreements are made on enabling or disabling of TBoMS transmission.
	Agreement
For TBoMS transmission in Rel-17:
· TBoMS feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
· TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
· Single-slot PUSCH transmission is enabled when N=1.
· Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed


The remaining issue for enabling/disabling TBoMS is whether dyanaimc switching between type-A PUSCH repetition and TBoMS transmission can be supported based on the row index of the configured TDRA table.
In our understanding, the motivation of TBoMS is to achieve better coverage compared with type-A PUSCH repetition. NW semi-statically configure PUSCH transmissions in legacy type-A PUSCH repetition manner, or in TBoMS manner. Only when repetition type-A can not fullfill the expected coverage, NW may enable TBoMS feature semi-statically. If N=1 and N>1 are configured in a single TDRA table, it may limit the flexibility for NW scheduling on combinations of SLIV and number of repetitions. Hence, dynamic switching between TBoMS and type-A PUSCH repetition is not preferred.
[bookmark: PP3]Proposal 3: N=1(type-A PUSCH repetition) and N>1(TBoMS) cannot be configured simultaneously in a single TDRA table.
4. Determination of starting coded bit in each slot for TBoMS
In last meeting, per-slot interleaving was agreed for TBoMS channel structure, and the following agreements were made,
	Working Assumption
For TBoMS in Rel-17, the following is supported:
· Bit interleaving is performed per slot.
       The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
· Transmission is limited to one CB only.
· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS
Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.
Agreement
For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.


The remaining issue for channel structure for a single TBoMS is how to determine the starting coded bits in each slot.
In current mechanism, UE and NW may have different assumption on number of UCI bits multiplexed on a PUSCH due to missing DCI. If such mis-alignment happens, NW may not be able to decode the data in the PUSCH due to unexpected PUSCH resource mapping at UE. 
If option B is adopted, and if number of UCI bits is incorrectly determined at UE, it may lead to error PUSCH mapping propagation in the later slots, and makes the remaining transmission in vain. For TBoMS interleaving performed per slot basis, UE have chance to regenerate the transmitted signal in later slot. The starting bits in each slot should be determined prior to the starting of the TBoMS transmission. Thus, UE can reset the PUSCH transmission, even if incorrect number of UCI bits are multiplexed in previous slot. Thus, the NW may still decode the data in the TBoMS based on the transmission in the slots without multiplexed UCI. Hence, option C is preferred.
[bookmark: PP4]Proposal 4: The index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
One potential optimization proposed in last meeting is to set the starting bit index of each slot as multiples of lifiting size Zc. In our understanding, such restriction is not necessary, since actual starting bit index of a TB is not necessary multiples of lifting size for some cases in current mechanism. For example, UCI with 2 bits piggyback on PUSCH is multiplexed to the PUSCH by puncturing the PUSCH REs, which lead to the actual starting coded bit not multiples of lifting size in a slot based PUSCH. Both UE and NW are expected to handle such cases. Similarly, for TBoMS the starting bit index does not have to be multiples of lifting size Zc in each slot.
[bookmark: PP5]Proposal 5: Restricting the index of the starting coded bit in each slot of TBoMS to be multiples of lifting size Zc is not necessary.
5. UCI multiplexing on TBoMS
For UCI multiplexing on TBoMS, details on UCI multiplexing timeline, and determination of number of resources occupied for UCI in a TBoMS should be further discussed.
· UCI multiplexing timeline
As discussed in previous meetings, interleaving per slot for TBoMS can retain almost the same channel structure as legacy slot based PUSCH. Hence, UCI multiplexing on TBoMS can also be performed per slot basis. Each slot for a TBoMS is considered as a legacy slot based PUSCH repetition in UCI multiplexing, the timeline for UCI multiplexing is at least checked per slot basis as in Rel-16. 

For both CG-PUSCH and DG-PUSCH, , which is the earliest symbol of overlapping PUSCH and PUCCH, should not be before a symbol with CP starting after  after a last symbol of any corresponding PDSCH. This timeline requirement is checked per PUSCH repetition. For CG-PUSCH, the PDSCH with HARQ-ACK to be multiplexed in a later PUSCH repetition can be received after the 1st PUSCH repetition. Take HARQ-ACK multiplexing on CG-PUSCH as an example, the required timeline is shown in following figure.


Figure 1. UCI multiplexing timeline restriction for CG-PUSCH
For UCI multiplexing on DG-PUSCH, additional timeline requirement was introduced, i.e., UE does not expect to detect a DCI format indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE would multiplex HARQ-ACK information in the PUSCH transmission. The timeline is illustrated in the following figure


Figure 2. UCI multiplexing timeline restriction for DG-PUSCH
Hence, in current mechanism, UCI bits to be multiplexed on DG-PUSCH repetitions are known prior to the first PUSCH repetition. While it is not true for CG-PUSCH, UCI bits to be multiplexed on later PUSCH repetition can be known after the 1st PUSCH repetition, as long as the timeline requirement for UCI multiplexing on the later repetition can be fulfilled.
[bookmark: OB1]Observation 1: In Rel-16, number of UCI bits to be multiplexed on DG-PUSCH is known prior to the first PUSCH repetition; while number of UCI bits to be multiplexed on CG-PUSCH can be known after the 1st CG-PUSCH repetition, as long as the time line for UCI multiplexing on later PUSCH repetition can be fulfilled.
For TBoMS, we have agreed per slot interleaving for TBoMS to retain per slot logic in implementation in Rel-16. Hence, it is natural that the same timeline for UCI multiplexing on type-A PUSCH repetition, as that in Rel-16, is reused for UCI multiplexing on TBoMS.
[bookmark: PP6]Proposal 6: The same timeline for UCI multiplexing on type-A PUSCH repetition, as that in Rel-16, is reused for UCI multiplexing on TBoMS.
· Amount of resources for UCI multiplexing
In Rel-15/16, the resources on PUSCH for UCI multiplexing is derived based on RRC parameter beta-offset, scaling () and PUSCH length. As an example, the number of symbols for UCI(HARQ-ACK) multiplexing on a PUSCH is derived based on the following equation.
                      eq-(1)
where  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS. While for TBoMS, the number of symbols for a PUSCH transmission across N slots,, is N times scaled. Considering TB size for a single TBoMS,, is also scaled by N, the first item in {.} remains the same as that for slot based PUSCH. 
While for the second item of {.}, i.e., the maximum number of resources allowed to be occupied by UCI in a TBoMS, is scaled N times. Thus, the first item and second item are not equally scaled for TBoMS.
To address this issue, the second item should be scaled by 1/N, one option is to replace the variable  by , which is the number of symbols with in each slot for TBoMS. Hence, the equation for calculation the number of resources in for UCI multiplexing can be revised as follows.
                      eq-(2)
Where  is the total number of OFDM symbols of the PUSCH across N slots for a single TBoMS, including all OFDM symbols used for DMRS. And  is the total number of OFDM symbols of the PUSCH within one slot for TBoMS, including all OFDM symbols used for DMRS.
Thus, the upbound of resources occupied by UCI is the same as that in slot based PUSCH, the performance of UCI remains unchanged, while the performance of UL-SCH in TBoMS is superior to that multiplexed in a slot based PUSCH, due to less portion of resources are taken away. 
[bookmark: PP7]Proposal 7: Following equation is used to calculate the number of symbols for UCI multiplexing on a single TBoMS.
· 
· Where  is the total number of OFDM symbols of the PUSCH across N slots for a single TBoMS, including all OFDM symbols used for DMRS; and  is the total number of OFDM symbols of the PUSCH within one slot for TBoMS, including all OFDM symbols used for DMRS.
6. Conclusion
In this contribution, we discussed the potential issues for PUSCH with TB processing over multiple slots. Based on the discussion in previous sections, we have the following observations and proposals:
Proposal 1: All combinations of N*M based on candidate values of N and M can be supported, as long as N*M is not greater than 32.
Proposal 2: Inter-repetition frequency hopping is not supported for TBoMS.
Proposal 3: N=1(type-A PUSCH repetition) and N>1(TBoMS) cannot be configured simultaneously in a single TDRA table.Proposal 4: The index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
Proposal 5: Restricting the index of the starting coded bit in each slot of TBoMS to be multiples of lifting size Zc is not necessary.
Observation 1: In Rel-16, number of UCI bits to be multiplexed on DG-PUSCH is known prior to the first PUSCH repetition; while number of UCI bits to be multiplexed on CG-PUSCH can be known after the 1st CG-PUSCH repetition, as long as the time line for UCI multiplexing on later PUSCH repetition can be fulfilled.
Proposal 6: The same timeline for UCI multiplexing on type-A PUSCH repetition, as that in Rel-16, is reused for UCI multiplexing on TBoMS.
Proposal 7: Following equation is used to calculate the number of symbols for UCI multiplexing on a single TBoMS.
· 
· Where  is the total number of OFDM symbols of the PUSCH across N slots for a single TBoMS, including all OFDM symbols used for DMRS; and  is the total number of OFDM symbols of the PUSCH within one slot for TBoMS, including all OFDM symbols used for DMRS.

References
1. [bookmark: _Ref53424964][bookmark: _Ref47295276][bookmark: _Ref40432026][bookmark: _Ref32217893][bookmark: _Ref40002419]Chairman’s notes, RAN1#106 bis-e.
1. R1-2110530, Final FL summary of TB processing over multi-slot PUSCH (AI 8.8.1.2).

image2.wmf
0

S


oleObject1.bin

image3.emf
S U D D D S U

1

st

 PUSCH 

repetition 

PDSCH

2

nd

 PUSCH 

repetition 

D

UCI(HARQ-ACK) MUX

ĂĂ ĂĂ

T_proc,1_mux


Microsoft_Visio_Drawing.vsdx
S
U
D
D
D
S
U
1st PUSCH repetition
PDSCH
2nd PUSCH repetition
D
UCI(HARQ-ACK) MUX
……
……
T_proc,1_mux



image4.emf
D D D S U D D D S U

Not allowed for UCI 

MUX

1

st

 PUSCH 

repetition 

DL grant

UL grant for  

PUSCH repetition

2

nd

 PUSCH 

repetition 

D

Not allowed for UCI 

MUX

ĂĂ

D D D S U D D D S U

Allowed for UCI 

MUX

1

st

 PUSCH 

repetition 

PDSCH

UL grant for  

PUSCH repetition

2

nd

 PUSCH 

repetition 

D

Allowed for UCI 

MUX

ĂĂ

(a)

(b)


Microsoft_Visio_Drawing1.vsdx
D
D
D
S
U
D
D
D
S
U
Not allowed for UCI MUX
1st PUSCH repetition
DL grant
UL grant for  PUSCH repetition
2nd PUSCH repetition
D
Not allowed for UCI MUX
……
D
D
D
S
U
D
D
D
S
U
Allowed for UCI MUX
1st PUSCH repetition
PDSCH
UL grant for  PUSCH repetition
2nd PUSCH repetition
D
Allowed for UCI MUX
……
(a)
(b)



image1.png
N €{24,8)





3GPP TSG RAN WG1 


#


10


7


-


e


 


 


R1


-


2


1


11028


 


e


-


Meeting, 


November


 


11


th


 


–


 


19


th


, 2021


 


 


Source:


 


vivo


 


Title:


 


Remaining


 


issues


 


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 the 


remaining


 


aspects


 


for TBoMS in this contribution.


 


2.


 


TBoMS


 


repetition


 


In 


previous meetings


, 


TBoMS repetition was agreed


, and following agreements were made.


 


Agreement


 


At least the following values are supported in Rel


-


17 for the number


 


N


 


of allocated slots for the single TBoMS:


 


·


 


 


FFS: whether


 


N


=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)


 


FFS: other values, if any.


 


FFS: further constraints on N*M


 


Agreement


 


For a single TBoMS transmission and TBoMS


 


repetitions in Rel


-


17, at least the legacy Rel


-


15/16 inter


-


slot 


frequency hopping framework used in PUSCH repetition Type A is supported.


 


·


 


FFS: other frequency hopping schemes.


 


Agreement


 


For a single TBoMS transmission and TBoMS


 


repetitions in Rel


-


17, the legacy Rel


-


15/16 intra


-


slot frequency 


hopping framework used in PUSCH repetition Type A is supported.


 


·


 


FFS: other frequency hopping schemes.


 


The remaining issue for TBoMS repetition includes the following


 


-


 


Further constraints on 


N*M


 


;


 


-


 


Whether to support additional f


requency hopping schemes for TBoMS


 


n


 


Constraints on N*M


 


I


n


 


previous


 


meetings, 


N


*M not greater than 32 have been agreed


, and value range of N and M have been agreed. All 


combinations of N*M can be supported, as long as N


*M


 


is not greater than 32.


 


Proposal 


1


:


 


All combinations of N*M 


based on 


candidate


 


value


s


 


of N and M


 


can be supported, as long as N


*M


 


is not greater than 32


.


 


n


 


Whether to support additional f


requency hopping schemes for TBoMS


 


Both intra


-


slot frequency hopping and inter


-


slot frequency hopping 


have been


 


supported for 


T


BoMS


. 


Besides, inter 


repetition frequency hopping for TBoMS repetitions is proposed by companies, and frequency hopping may be 


performed per N available slots.


 


Howe


ver, 


additional


 


benefit of supporting this new frequency hopping patter


n


 


is 


doubtful.


 


If DMRS bundling is not enabled for 


TBoMS,


 


frequency domain diversity can also be obtained through inter


-


slot 


frequency hopping.


 


The inter


-


repetition frequency hopping pattern may lead to less frequent frequency hopping 


compared to inter


-


slot FH, which may lead to degraded performance in 


decoding 


the first 


TBoMS 


repetition, and 


prevents NW 


from 


decod


ing


 


the data in TBoMS


 


earlier.


 




3GPP TSG RAN WG1  # 10 7 - e     R1 - 2 1 11028   e - Meeting,  November   11 th   –   19 th , 2021     Source:   vivo   Title:   Remaining   issues   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 the  remaining   aspects   for TBoMS in this contribution.   2.   TBoMS   repetition   In  previous meetings ,  TBoMS repetition was agreed , and following agreements were made.  

Agreement   At least the following values are supported in Rel - 17 for the number   N   of allocated slots for the single TBoMS:        FFS: whether   N =1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)   FFS: other values, if any.   FFS: further constraints on N*M   Agreement   For a single TBoMS transmission and TBoMS   repetitions in Rel - 17, at least the legacy Rel - 15/16 inter - slot  frequency hopping framework used in PUSCH repetition Type A is supported.      FFS: other frequency hopping schemes.   Agreement   For a single TBoMS transmission and TBoMS   repetitions in Rel - 17, the legacy Rel - 15/16 intra - slot frequency  hopping framework used in PUSCH repetition Type A is supported.      FFS: other frequency hopping schemes.  

The remaining issue for TBoMS repetition includes the following   -   Further constraints on  N*M   ;   -   Whether to support additional f requency hopping schemes for TBoMS      Constraints on N*M   I n   previous   meetings,  N *M not greater than 32 have been agreed , and value range of N and M have been agreed. All  combinations of N*M can be supported, as long as N *M   is not greater than 32.   Proposal  1 :   All combinations of N*M  based on  candidate   value s   of N and M   can be supported, as long as N *M   is not greater than 32 .      Whether to support additional f requency hopping schemes for TBoMS   Both intra - slot frequency hopping and inter - slot frequency hopping  have been   supported for  T BoMS .  Besides, inter  repetition frequency hopping for TBoMS repetitions is proposed by companies, and frequency hopping may be  performed per N available slots.   Howe ver,  additional   benefit of supporting this new frequency hopping patter n   is  doubtful.   If DMRS bundling is not enabled for  TBoMS,   frequency domain diversity can also be obtained through inter - slot  frequency hopping.   The inter - repetition frequency hopping pattern may lead to less frequent frequency hopping  compared to inter - slot FH, which may lead to degraded performance in  decoding  the first  TBoMS  repetition, and  prevents NW  from  decod ing   the data in TBoMS   earlier.  

