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[bookmark: _Ref513464071]Introduction
During the RAN1#106bis-e meeting, several agreements covering different aspects of TBoMS were agreed and captured in [1]. In this contribution, we discuss the resource determination, UCI multiplexing, rate matching, transmission power aspects and repetition mapping aspects of TBoMS transmission.
Discussion
Time domain resource determination
It was agreed that TBoMS feature is enabled when the UE is configured with a row in the TDRA table that contains the number of allocated slots N >1 as per the following RAN1#106b-e agreements:
	Agreement
For TBoMS transmission in Rel-17:
· TBoMS transmission 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.
· Dynamic switching between at least TboMS transmission and the legacy single-slot PUSCH transmission, by using a row in the TDRA table, is supported.
· 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
Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· [image: ]
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



Furthermore, the gNB can configure the UE with a TDRA table that includes N values from {2,4,8} but the value of N=1, corresponding to single slot TB transmission, was left for further study. While the TBoMS transmission can provide important coverage gain, especially for cell edge UEs, it may not be needed all the time for a UE. For example, if a cell edge UE moves toward the center of the cell, the gNB may decide to switch to single slot scheduling. Having only RRC (re)configuration to change the TDRA configuration between N=1 and N>1 will add unnecessary delay. Another benefit of supporting dynamic switching between TB over slot and TB over multiple slots is that TBoMS retransmission can be performed using a single slot TB without always using multiple slots. With the agreed TBoMS enabling mechanism, supporting the value of N=1 in the same TDRA table with other N values can allow the scheduler to dynamically switch between single-slot PUSCH and TBoMS. 
Proposal 1: A TDRA table can include the value N=1 along with values of N>1.
UCI multiplexing 
The support of multiplexing UCI on PUSCH is beneficial as it can avoid dropping PUSCH or PUCCH transmission. For TBoMS case, if UCI multiplexing is not supported, it will result on either dropping PUCCH or TBoMS. Dropping PUCCH will create a large delay of the UCI as TBoMS with its repetitions can occupy large number of slots. Prioritizing PUCCH, will put a scheduling constraint on the scheduler to ensuring that TBoMS is not overlapping with any PUCCH which may not be possible with some N and M values. It is therefore preferable to support UCI multiplexing with TBoMS. In Rel-16, when a PUSCH transmission overlapping with PUCCH transmission, the UE determines based on the timeline constraint whether to multiplex UCI on PUSCH or not. Similarly, UCI multiplexing can be supported with TBoMS transmission at least reusing Rel-16 conditions. 
Proposal 2:  Support UCI multiplexing with TBoMS transmission. 
For multiplexing UCI approach, both multiple slots and a single slot have their own benefits. Repeating UCI in multiple slots of the TBoMS transmission will increase the decoding performance of the UCI transmission. If UCI repetition is enabled, TBoMS can be configured with smaller MCS and larger number of resources to not jeopardize the TBoMS decoding performance. Otherwise, UCI can be transmitted using only a single slot. The UE can determine whether to repeat UCI on multiple slots or use a single slot depending on the gNB configuration. For example, if the overlapping PUCCH is configured with repetition, the UCI can be repeated using TBoMS slots.
Proposal 3:  Support UCI repetition on multiple slots of TBoMS. 
In Rel-16, the timeline constraint to multiplex a UCI in PUSCH transmission is a constraint on the time difference between the first symbol of PUSCH and the PDCCH/PDSCH transmission i.e., if the time difference is below a defined value, the UE drops PUSCH and transmit PUCCH, otherwise, the UE multiplex UCI on PUSCH. The reason of this time constraint is to give the UE enough time to prepare the uplink transmission and to rate match the TB on the available resources with UCI presence. With TBoMS, multiple slots are available for TB transmission and the rate matching can be done per each slot. With the remaining options for bit selection (captured in the RAN1#106b-e agreement), the bit selection is continuously from the last bit selected in the previous slot and allows to adapt the rate matching per slot. Option B can further allow to have the UCI multiplexing knowledge prior to a slot and not necessarily before the beginning of TBoMS. For UCI multiplexing with TBoMS, the timeline constraint to multiplex UCI can be relative to a slot among the allocated slots for TBoMS instead of the first allocated slot for TBoMS. This will allow multiplexing UCI on TBoMS even if the timeline constraint relative to the start of TBoMS is not satisfied.
Proposal 4:  Timeline constraint to multiplex UCI is based on the start of a slot within the allocated slots of TBoMS. 
Cancellation Indication
In Rel-16, when the UE receives an uplink cancellation indicating a higher priority transmission overlapping with some symbols of the PUSCH, the UE cancel the PUSCH transmission without resuming the transmission in non-overlapping symbols. This behavior was justified since the PUSCH transmission was limited to one slot and resuming the transmission will not increase the probability of correctly decoding the transport block. With TBoMS, the UE is using multiple slots to transmit the TB and cancelling one slot can still result on correctly decoding the TB. The UE can thus resume the TBoMS transmission after cancellation and use the remaining allocated slots for TBoMS.
Proposal 5: In case of uplink cancellation, the UE resumes the TBoMS transmission in the next allocated slot.
Rate matching
In the RAN1#106b-e meeting, two options were agreed for down selection regarding the bit selection for each transmitted slot: 
	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.


With Option C, bit selection for each slot of the allocated TBoMS slots is done independently of whether UCI is multiplexed or not since the bit selection in each slot is determined regardless of UCI multiplexing. Option B take into consideration the UCI multiplexing event and the information of UCI presence should be known prior to the slot. Furthermore, it can allow UCI multiplexing in any slot of the TBoMS allocated resource if the timeline constraint is satisfied relative to the slot where UCI multiplexing will occur. For more flexibility on UCI multiplexing, Option B is preferred.
Proposal 6: For the bit selection for each transmitted slot for TBoMS, 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 B).

Transmission power
For the transmission power determination, two option were agreed for down-selection:
	Agreement
· For transmission power determination of TBoMS transmission in Rel-17, RAN1 to down-select one of the following two options:
· Option 1: The transmission power determination of TBoMS should be based on all the REs allocated in one available slot for the TBoMS transmission, excluding the overhead of reference signals
· Option 2: The transmission power determination of TBoMS should be based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.
· FFS: details on BPRE


Option 2 requires that the UE is aware of all the REs available for TBoMS prior to the start of TBoMS transmission. With Option 1, it is not required to have the knowledge of the available REs allocated in each slot before the start of TBoMS and thus can support UCI multiplexing without the knowledge of UCI presence before the start of TBoMS transmission. Furthermore, to minimize the spec impact it is better to maintain constant energy per bit between slots. 
Proposal 7: The transmission power determination of TBoMS is based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.
Available slot counting for TBoMS repetitions
As explained in our companion contribution [2], allocation of repetitions of TBoMS for available slot counting needs to be discussed. For sake of clarify, arguments in [1] are reproduced here. Since TBoMS is a transmission scheme that is designed to improve coverage, the UE should be able to transmit as many occasions as possible in available resources in a CG period even when repetitions of TBoMS cannot be completed in a CG period due to lack of available number of slots. Thus a proposal is made to relax the constraint on the values for N*M, i.e., N*M can be larger than the number of available slots in a CG period. 
An example of allocation of TBoMS repetitions for CG periods is shown in Figure 1. As illustrated in Figure 1, the UE can transmit occasions of TBoMS repetition in available slots in CG periods. Relaxation of the constraint, N*M is larger than the number of available slots in a CG period, also offers flexibility in scheduling. Thus we make the following proposals. 
[image: ]
[bookmark: _Ref86833595]Figure 1 An example of transmission of TBoMS repetitions in CG periods (N=2, M=2)
Proposal 8: For TBoMS repetitions, the UE can be configured with N*M is larger than the number of available slots in a CG period
Proposal 9: For TBoMS repetitions, if N*M is larger than the number of available slots in a CG period, the UE is expected to transmit K TBoMS transmission occasions where K<M. 
Proposal 10: If the UE cannot find N available slots in a CG period, the UE does not transmit TBoMS.
DMRS bundling for mapping of TBoMS repetitions
Joint channel estimation is agreed to be supported for TBoMS [1]. TBoMS repetitions can be supported over consecutive slots or clusters of consecutive slots. Thus the current mechanism of TDW such as configuration of TDW, restart behavior for actual TDW, can be extended to support joint channel estimation for TBoMS repetitions.
Proposal 11: Support joint channel estimation for TBoMS repetition.
Mapping of TBoMS repetitions and its relation to DMRS bundling
Different mapping patterns can be considered for TBoMS repetitions. Two types of mapping for TBoMS repetitions (N=4, M=2) are shown in Figure 1. While Type 1 mapping follows non-interleaved mapping of repetitions of TBoMS, Type 2 mapping follows interleaved mapping of repetitions of TBoMS.
While Type 1 mapping offers compatibility with joint channel estimation, Type 2 mapping offers diversity gain and robustness against severe block fading. Type 1 mapping is also more suitable when joint channel estimation is enabled, allowing the gNB to decode TBoMS occasions. Thus we make the following proposal : 
Proposal 12: Support type 1(non-interleaved) when DMRS bundling is enabled and type 2 (interleaved) mapping for TBoMS repetitions when DMRS bundling is disabled shown in Figure 1
[image: ]
[bookmark: _Ref83942821]Figure 1 Examples of TBoMS repetition mapping : Type 1 (non-interleaved mapping) vs. Type 2 (interleaved mapping) for N=4, M=2


Conclusion
In this contribution, the following proposals are made:
Proposal 1: A TDRA table can include the value N=1 along with values of N>1.
Proposal 2:  Support UCI multiplexing with TBoMS transmission. 
Proposal 3:  Support UCI repetition on multiple slots of TBoMS. 
Proposal 4:  Timeline constraint to multiplex UCI is based on the start of a slot within the allocated slots of TBoMS. 
Proposal 5: In case of uplink cancellation, the UE resumes the TBoMS transmission in the next allocated slot.
Proposal 6: For the bit selection for each transmitted slot for TBoMS, 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 B).
Proposal 7: The transmission power determination of TBoMS is based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.
Proposal 8: For TBoMS repetitions, the UE can be configured with N*M is larger than the number of available slots in a CG period
Proposal 9: For TBoMS repetitions, if N*M is larger than the number of available slots in a CG period, the UE is expected to transmit K TBoMS transmission occasions where K<M. 
Proposal 10: If the UE cannot find N available slots in a CG period, the UE does not transmit TBoMS.
Proposal 11: Support joint channel estimation for TBoMS repetition.
Proposal 12: Support type 1(non-interleaved) when DMRS bundling is enabled and type 2 (interleaved) mapping for TBoMS repetitions when DMRS bundling is disabled shown in Figure 1
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Figure 1 Examples of TBoMS repetition mapping : Type 1 (non-interleaved mapping) vs. Type 2 (interleaved mapping) for N=4, M=2
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