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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#104-e [1], a new WID on NR coverage enhancement was approved for Release 17, with PUSCH coverage enhancement as below,
	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 are different.
Agreement:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum.
· To resolve in RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum.
· Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band.
· FFS if non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band.
Agreement:
· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.
Agreement:
For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers.
· FFS: Details and further constraints on the applicability of TBoMS.
Agreement:
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.
Agreement:
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 over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.


According to the agreements from RAN#104-e [1], the time-domain resource allocation (TDRA) and the TB determination attracted great attention for transport block processing over multi-slot (TBoMS). For TDRA, PUSCH repetition type A and B like TDRA may be further selected, and the continuity of physical slots for paired spectrum, unpaired spectrum, and SUL band is to be discussed. For TB size determination, the details of calculating NohPRB and NInfo is to be further studied. Moreover, a new proposed issue of how to support the repetition of TBoMS needs to be addressed. These issues are discussed in this contribution. In addition, the impact of TBoMS on UCI multiplexing on PUSCH is also discussed.

2. Discussion
2.1 Time domain resource allocation
From RAN1#104-e [1], PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA were selected as starting point for the resource allocation of TBoMS.
· Option 1: For repetition type A like TDRA, same resources are allocated in each slot, i.e., the allocated resources in each slot have same starting position and duration length.
· Option 2: For repetition type B like TDRA, a series of consecutive symbols is allocated, i.e., the starting position and duration length of the allocated resources in each slot can be different.
Repetition type A like TDRA is a simple method for UE implementation, because the resources allocated in each slot are almost the same. But to maintain the same resource allocation in each slot, lots of time domain resources may be wasted for repetition type A like TDRA, especially in the case of flexible resource allocation and scheduling of PUSCH and other channels or signals in the same slots, such as PUCCH and SRS. For example, if the number of slot is 2 and the last 4 symbols of the second slot is allocated to SRS, the last 4 symbols of the first slot then cannot be used to maintain the same time domain resource allocation in the two slots, as shown in Fig. 1(a).
This issue can be resolved by repetition type B like TDRA, whose resources allocated in each slot can be different. Compared with the example in Fig. 1(a), Fig. 1(b) demonstrates that the last 4 symbols of the first slot can be used by repetition type B like TDRA, thus having 20% ((24 – 20)/20 = 20%) more time domain resources than repetition type A like TDRA. For coverage enhancement, the most valuable resource is the time resource, and coverage can be maximized using repetition type B like TDRA resource allocation for TBoMS.
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Fig. 1 Resource allocation for PUSCH with TBoMS and SRS. (a) Repetition type A like TDRA; (b) Repetition type B like TDRA.
As discussed in the example, more consecutive time domain resources can be achieved by repetition type B like TDRA than repetition type A like TDRA. In the examples shown in Fig. 1(a) and (b), the symbols allocated for PUSCH over two adjacent slots are interrupted by using repetition type A like TDRA, but continuous by using repetition type B like TDRA. Repetition type B like TDRA is thus easier to have more continuous OFDM symbols and maintain the phase continuity of PUSCH over multiple slots, which facilitates the joint channel estimation to improve the uplink coverage.
Observation 1: In the case of flexible resource allocation and scheduling of PUSCH and SRS in the same slots, repetition type B like TDRA has more time domain resources and is easier to have more continuous OFDM symbols than repetition type A like TDRA to facilitate the joint channel estimation to improve the uplink coverage.
As discussed above, repetition type B like TDRA has more time domain resources and facilitates the joint channel estimation compared with repetition type A like TDRA. Therefore, repetition type B like TDRA should be supported.
Proposal 1: Repetition type B like TDRA should be supported for TBoMS.

2.2 Non-consecutive slots for TBoMS
In RAN#104-e [1], consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum, paired spectrum, and SUL band, but whether to support non-consecutive physical slots for UL transmission of TBoMS for unpaired spectrum, paired spectrum, and SUL band needs to be further studied.
Discussions in NR WID [2] identified that TBoMS is beneficial for PUSCH coverage by aggregating small packets of multiple slots as a larger packet, and RAN1#104-e has agreed that the TBoMS can be allocated over consecutive slots [1]. However, the observations captured in [3] demonstrate that the coverage of PUSCH is mostly limited in unpaired spectrum. Therefore, it is not enough for coverage enhancement that only consecutive slots are supported for TBoMS. For example, refer to the results from Table 6.1.1-3 in [3], up to 1dB coverage gain can be achieved if non-consecutive slots are supported for TBoMS on a TDD carrier with DDDSU TDD configuration.
Observation 2: Supporting non-consecutive slots for TBoMS can provide up to 1dB coverage gain on a TDD carrier with DDDSU TDD configuration.
For paired spectrum and SUL band, the available UL slots are consecutive. But in some scenarios, for example, SFI can result in non-consecutive physical slots for unpaired spectrum, paired spectrum, and SUL band. Therefore, non-consecutive slots should be supported for TBoMS for unpaired spectrum, paired spectrum, and SUL band.
Proposal 2: Non-consecutive slots should be supported for TBoMS for unpaired spectrum, paired spectrum, and SUL band.

2.3 [bookmark: OLE_LINK28][bookmark: OLE_LINK29]TBS calculation for TBoMS
2.3.1 Ninfo Calculation
Based on the agreements from RAN#104-e [1], two alternatives are considered to calculate the Ninfo for the transport block size.
· Option 1: Ninfo is calculated based on all REs determined across the symbols or slots over which the TBoMS transmission is allocated.
· Option 2: Ninfo is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K ≥ 1, where L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA.
These two options for Ninfo calculation are related to how the resources are allocated for TBoMS, i.e. repetition type A like TDRA or repetition type B like TDRA. The option 1 is applicable to both of two resource allocation schemes, and the option 2 is more suitable for repetition type A like TDRA.
Taking repetition type A like TDRA as an example, it is assumed that PUSCH is transmitted over 2 UL slots for TBoMS and the last 4 symbols in each slot cannot be used for PUSCH, as shown in Fig. 1(a). The number of PRBs is 10, the MCS level is 5 in the Table 6.1.4.1-1 in [4], the layer number is 1, and the overhead is 0. With option 1,  over two slots or 20 symbols, and then . With option 2,  over the first L = 10 symbols, and then  if K is defined as the number of slots over which the TBoMS transmission is allocated, i.e., K = 2. Therefore, both option 1 and option 2 can achieve an accurate results for repetition type A like TDRA.
Taking repetition type B like TDRA as an example, the assumptions are the same as above, except that the last 4 symbols in the first slot can be used for PUSCH, as shown in Fig. 1(b). With option 1,  over two slots or 24 symbols, and then . With option 2,  over the first L = 14 symbols, and then  if K is defined as number of slots over which the TBoMS transmission is allocated. Therefore, option 1 still achieves an accurate result, but option 2 cannot. This is because the resources allocated in each slots can be different for repetition type B like TDRA.
Observation 3: An accurate Ninfo can be calculated based on all REs determined across the symbols or slots over which the TBoMS transmission is allocated, for both of repetition type A like TDRA and repetition type B like TDRA.
Observation 4: An accurate Ninfo can be calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K ≥ 1, where K is defined as the number of slots over which the TBoMS transmission is allocated, for repetition type A like TDRA, but cannot be calculated for repetition type B like TDRA.

2.3.2 NohPRB Calculation
According to agreements from RAN#104-e [1], two options are considered to calculate NohPRB.
· 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 over which the TBoMS transmission is allocated.
Similar to the calculation of Ninfo, two options for NohPRB calculation are also related to which of repetition type A like TDRA or/and repetition type B like TDRA will be used for TBoMS. Option 1 will result in accurate NohPRB for repetition type A like TDRA, but inaccurate NohPRB for repetition type B like TDRA. Option 2 will result in accurate NohPRB for both of two resource allocation schemes.
Taking type A like TDRA as an example, we assume that the PUSCH is transmitted over 2 UL slots for TBoMS and the overhead in each slot is 12 per PRB. Therefore, option 1 achieves an accurate NohPRB through letting xOverhead = 12. With option 2, let xOverhead = 12 scaled by the number of slots, i.e., 2, or let xOverhead = 24 directly can also achieve an accurate NohPRB, where the set of values of xOverhead should be extended from {0, 6, 12, 18} in Rel-15/16 [4] to {0, 6, 12, 18, 24} if let xOverhead = 24.
Taking type B like TDRA as an example, we assume that the PUSCH is transmitted over 2 UL slots for TBoMS and the overhead is 18 per PRB in the first slot, but 0 per PRB in the second slot. With option 1, an accurate NohPRB can only be obtained through letting xOverhead = 9, but this value is not included in the set {0, 6, 12, 18} in Rel-15/16 [4]; therefore, an accurate NohPRB cannot be obtained by option 1. For option 2, it is more flexible to achieve an accurate NohPRB through letting xOverhead = 18 directly, or define a new value xOverhead = 9 scaled by the number of slots, i.e., 2.
Observation 5: An accurate NohPRB can be calculated through assuming that NohPRB are the same for all the slots over which the TBoMS transmission is allocated and be configured by xOverhead as in Rel-15/16, only for repetition type A like TDRA.
Observation 6: An accurate NohPRB can be calculated depending on both xOverhead and the number of symbols or slots over which the TBoMS transmission is allocated, for both of repetition type A like TDRA and repetition type B like TDRA.

2.3.3 Bit to resource mapping for TBoMS
After the time-frequency domain resources allocation, the next step is how to map the coded bits of the TB over multiple slots onto the REs. There are two options as following:
· Option 1: RV cycling is used to map the coded bits into the multiple slots.
· Option 2: The coded bits are mapped continuously from the first coded bit onto the REs.
For option 1, the main advantage is that the existing RV cycling mechanism for repetition can be reused, which facilitates the standardization and the UE implementation of bit to resource mapping. Using this mechanism, the coded bits of the TBoMS from start positions {rv0, rv2, rv3, rv1} are cyclically mapped to each slots in sequence for repetition type A like TDRA or each actual transmission occasion in sequence for repetition type B like TDRA. Fig. 2(a) shows the bit to resource mapping using RV cycling mechanism for repetition type A like TDRA. But we should note that, the number of systematic bits of the LDPC coding may be too large to be completely carried by the first slot and has no chance to be carried in other slots due to RV cycling. Thus, it may result in decoding performance degradation, as elaborated in the following example.
We assume that repetition type A like TDRA is used, the TB is transmitted over 16 slots, the number of REs within a PRB is 156, the number of PRBs is 5, the MCS level is 5 in the Table 6.1.4.1-1 in [4], and the number of layer is 1. Then, the number of coded bits is 14784 bits, the start positions of RVs are {0, 3808, 7392, 12544}, the number of systematic bits is 4480 bits, and only 1560 bits can be carried by each slot, as shown in Fig. 3(a). From this result, there are 2248 systematic bits will always not be mapped to each slot. Moreover, this issue also exists for repetition type B like TDRA.
This issue can be resolved by option 2. If the coded bits are mapped continuously from the first coded bit onto the REs as shown in Fig. 2(b), the systematic bits must be completely mapped to the resources for transmission of TBoMS. Compared with the example in Fig. 3(a), all the 4480 systematic bits are carried by the first 3 slots as shown in Fig. 3(b). In addition, continuous mapping mechanism can achieve a higher coding gain than RV cycling mechanism, because there is no redundant coded bits transmission using continuous mapping mechanism compared with RV cycling mechanism. However, option 2 needs a different implementation from RV cycling based bit to resource mapping.
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Fig. 2 Bit to resource mapping for repetition type A like TDRA. (a) RV cycling mechanism; (b) Continues mapping mechanism.
Observation 7: For RV cycling based bit to resource mapping, the number of systematic bits of the LDPC coding may be too large to be completely carried by the first slot and has no chance to be carried in other slots for TBoMS.
As discussed above, option 1 is easier for standardization and UE implementation, but it has the issue that the number of systematic bits after LDPC coding may be too large to be completely carried using RV0 in the first slot and has no chance to be transmitted due to RV cycling. Option 2 can resolve this issue, but it needs a different implementation from RV cycling based bit to resource mapping. Meanwhile, considering the time-frequency domain resources allocation has not been settled, the bit to resource mapping needs to be further studied.
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Fig. 3 Analysis of bit to resource mapping for repetition type A like TDRA. (a) RV cycling mechanism; (b) Continues mapping mechanism.
Proposal 3: Bit to resource mapping using RV cycling mechanism and continuous mapping mechanism need to be studied.

2.3.4 Maximum supported TBS
According to the agreements from RAN#104-e [1], for TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. Some details and constraints on the applicability of TBoMS need to be further discussed.
Some companies propose that TBS should be limited in one code block (CB) size to obtain a high channel coding gain. However, in our understanding, a large TBS usually achieves a large CB size to obtain a higher channel coding gain. For example, it is assumed that the number of REs allocated for PUSCH over 1 slot within a PRB is 156, the number of PRBs is 30, the MCS level is 5 in the Table 6.1.4.1-1 in [4], and the number of layer is 1. Using the TBS calculation and CB segmentation methods specified in [4] and [5], the TBS is 3496 bits for TB over 1 slot and 13832 bits for TB over 4 slots, and the corresponding CB number and CB size are 1 CB with 3840 bits per CB and 2 CBs with 8448 bits per CB, respectively. This result demonstrates that a 2.2 times of improvement of CB size is achieved if a large TBS without any limitation is used. Therefore, further constraint on maximum TBS for TBoMS is not needed.
Proposal 4: Further constraint on maximum TB size for TBoMS is not needed.

2.4 Discussion on repetition of TBoMS
The benefit of TBoMS includes reducing the CRC overhead for small packets in multiple slots. One example is that when the packets of 2 slot are aggregated into one TB, one CRC bit string will be saved. In Rel-15/16, each slot can be scheduled using repetition, and each slot can be repeated in 4 slots for example, and then 8 slots are used for the 2 packets. However if TBoMS is used and repetition is not supported, then the two packets can only be transmitted in 2 slots, whose coverage is much less than the repetition case.
But for larger number of slots for TBoMS with repetition, the overall slot number may be very large without any limitation. Taking repetition type A like TDRA as an example, if the repetition number of TBoMS repetition is 8 and the slot number of a single TBoMS is 16, the overall slot number of TBoMS repetition is 108, which causes a large delay for UL transmission.
To solve this issue, the repetition number of TBoMS repetition and the slot number of a single TBoMS should be designed jointly under the limitation that the overall slot number of TBoMS repetition does not exceed a specific value which can be further studied.
Proposal 5: Repetition is supported for TB over multiple slots, and the overall number of slot for TBoMS with repetition should be limited.

2.5 UCI multiplexing on TBoMS PUSCH
For TBoMS PUSCH transmission, there would be chances of overlapping with PUCCH. In current specification, when a single-slot PUCCH and PUSCH transmissions of same priority overlaps with each other, the UCI carried on the PUCCH is multiplexed on the PUSCH in the overlapped slot and the transmission of PUCCH would be cancelled if the timeline conditions are satisfied. However, if above UCI multiplexing mechanism for PUSCH within a slot is applied to the TBoMS PUSCH transmission, it may performance degradation of uplink data transmissions due to TBoMS PUSCH transmission with larger TB size. One potential approach is multiplexing UCI on the whole TBoMS PUSCH transmission, since the total REs of TBoMS PUSCH are more likely to be sufficient for both UCI and uplink data transmissions.
[bookmark: OLE_LINK643][bookmark: OLE_LINK644][bookmark: OLE_LINK651]Proposal 6: Study multiplexing UCI and UCI multiplexing mechanism in case of overlapped PUCCH and TBoMS PUSCH transmissions.

3. Conclusions
In this contribution, we provide our view on TB over multi-slot PUSCH and have the following observations and proposals:
Observation 1: In the case of flexible resource allocation and scheduling of PUSCH and SRS in the same slots, repetition type B like TDRA has more time domain resources and is easier to have more continuous OFDM symbols than repetition type A like TDRA to facilitate the joint channel estimation to improve the uplink coverage.
Observation 2: Supporting non-consecutive slots for TBoMS can provide up to 1dB coverage gain on a TDD carrier with DDDSU TDD configuration.
Observation 3: An accurate Ninfo can be calculated based on all REs determined across the symbols or slots over which the TBoMS transmission is allocated, for both of repetition type A like TDRA and repetition type B like TDRA.
Observation 4: An accurate Ninfo can be calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K ≥ 1, where K is defined as the number of slots over which the TBoMS transmission is allocated, for repetition type A like TDRA, but cannot be calculated for repetition type B like TDRA.
Observation 5: An accurate NohPRB can be calculated through assuming that NohPRB are the same for all the slots over which the TBoMS transmission is allocated and be configured by xOverhead as in Rel-15/16, only for repetition type A like TDRA.
Observation 6: An accurate NohPRB can be calculated depending on both xOverhead and the number of symbols or slots over which the TBoMS transmission is allocated, for both of repetition type A like TDRA and repetition type B like TDRA.
Observation 7: For RV cycling based bit to resource mapping, the number of systematic bits of the LDPC coding may be too large to be completely carried by the first slot and has no chance to be carried in other slots for TBoMS.
Proposal 1: Repetition type B like TDRA should be supported for TBoMS.
Proposal 2: Non-consecutive slots should be supported for TBoMS for unpaired spectrum, paired spectrum, and SUL band.
Proposal 3: Bit to resource mapping using RV cycling mechanism and continuous mapping mechanism need to be studied.
Proposal 4: Further constraint on maximum TB size for TBoMS is not needed.
Proposal 5: Repetition is supported for TB over multiple slots, and the overall number of slot for TBoMS with repetition should be limited.
Proposal 6: Study multiplexing UCI and UCI multiplexing mechanism in case of overlapped PUCCH and TBoMS PUSCH transmissions.
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