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[bookmark: _Ref513464071]Introduction
In the RAN1 107bis-e meeting, remaining open issues of TBoMS were extensively discussed and the agreements are captured in [1]. In this contribution we discuss the configuration of number of allocated slots for type 1 CG TBoMS, bit selection for a slot among the allocated slots for TBoMS and TBoMS mapping.
Discussion
TBoMS using type 1 Configured Grant 
In the RAN1#106e meeting, it was agreed to support TBoMS for both CG and dynamic grant:
	Agreement
TBoMS is supported for both configured grant and dynamic grant.



For dynamic PUSCH and type 2 configured grant PUSCH, the number of allocated slots is indicated using the DCI scheduling or enabling PUSCH. The TDRA bitfield in the DCI can indicate a row in the TDRA table with a number of allocated slots N greater than 1. For type 1 configured grant, there is no DCI to activate the grant. Thus, a new information element in the RRC configuration of type 1 CG should include the number of allocated slots for a configured grant using TBoMS transmission.   
Proposal 1: The number N of allocated slots for TBoMS transmission for type 1 CG is indicated using the RRC configuration of the configured grant.
[bookmark: _Hlk95737180]When the RRC configuration indicates N value equals to 1, the UE uses TB over single slot transmission instead of TBoMS transmission.
Rate matching
In current specification, in bit selection procedures, G parameter is defined as the total number of coded bits available for transmission of the transport block. The G parameter is then used to select the coded bit sequence E from the circular buffer to be transmitted on the slot allocated for the TB. With the support of TBoMS spanning multiple slots, the UE will select a set of coded bits on each slot among the allocated slots for TBoMS. For each slot, the UE needs to determine the total number of coded bits available for transmission within a slot. Since the current definition of G parameter is not reflecting the available coded bits for a slot but rather for the total slots, two alternatives were proposed in [3]:
Aspect 1 – Alt 1:  is redefined as the total number of coded bits available for transmission of the transport block in a slot
Aspect 1 – Alt 2: A new variable  is introduced, only for TBoMS, defined as the total number of coded bits available for transmission of the transport block in a slot
To avoid having the same parameter in the specification describing two different quantities, it seems more reasonable to introduce a new parameter that is only valid when TBoMS is used. 
Proposal 2: For TBoMS, a new variable  defined as the total number of coded bits available for transmission of the transport block in a slot is introduced (Aspect 1 – Alt 2).
The next issue is how to capture the agreed rate matching procedure for TBoMS in the specification. More specifically, how to capture the Option C (agreed in RAN#90e meeting) in the bit selection procedure:
· 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.

With this option, the starting index of coded bits in the circular buffer for a slot should be pre-determined, regardless of whether UCI multiplexing occurs or not. Two interpretations can ensure that the agreement is well captured in the specification as described in [3]:

Aspect 2 – Interpretation 1: The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.
Aspect 2 – Interpretation 2: The starting index of circular buffer is determined assuming no UCI multiplexing, and the number of bits being selected in bit selection (value E) is determined assuming no UCI multiplexing.

[bookmark: _Hlk95737785]Interpretation 2 requires more specification impact as the UCI multiplexing procedure in 38.212 in section 6.2.7 needs to be modified to support always puncturing regardless of the UCI size. With interpretation 1, the only spec modification that is needed is to capture the starting index of circular buffer for each slot in section 5.4.2.1 in 38.212 and no need to modify the section 6.2.7 on data and multiplexing in 38.212. To minimize the spec impact, interpretation 1 is preferred.
Proposal 3: The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing (Aspect 2 – Interpretation 1).

Another issue is the filler bits that are appended to the code block before encoding to support payload sizes that does not match the payload size of the defined parity check matrices. The filler bits are written in the circular buffer but are removed when the UE generates the rate matching output bit sequence as described in section 5.4.2.1 of 38.212. Two direction was discussed in the RAN1#107bis-e meeting:
Aspect 3 – Direction 1: Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.
Aspect 3 – Direction 2: Filler bits are not considered to pre-determine the index of the starting bit for each allocated slot for TBoMS and overlap between bit sequences transmitted over consecutive slots is allowed.
Direction 1 can ensure that no overlapping will exist between consecutive slots by taking into account the filler bits. With Direction 2, if filler bits are appended before encoding, those bits will be placed in the circular buffer and thus overlapping between bit sequences in consecutive slot will happen and this goes against the agreed Option C.
Proposal 4: Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots (Aspect 3 – Direction 1).

To consider the filler bits, the index of the starting coded bits in the circular buffer for a slot should account for any filler bits if they existed in the previous slot. An offset can be used to count the total number of coded bits available for transmission of the transport block in a slot and the filler bits used in a slot. For the next slot, the index of the starting coded bits will be equal to the index of used in the previous slot plus the offset. 
Proposal 5: The index of the starting coded bits in the circular buffer for the -th slot of a single TBoMS, i.e., , is calculated as 

Where:
·  is the starting position of different redundancy version 
·  is the total number of coded bits available for transmission of the TB in a slot allocated for TBoMS (new introduced parameter H), assuming no UCI multiplexing, plus filler bits in the -th slot allocated for TBoMS, if any.
·  is the circular buffer length
· N is the number of slots allocated for TBoMS.

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 6: Support type 1 (non-interleaved) mapping when DMRS bundling is enabled and type 2 (interleaved) mapping for TBoMS repetitions when DMRS bundling is disabled as 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 (slots), M=2 (repetitions)
Conclusion
In this contribution, the following proposals are made:
Proposal 1: The number N of allocated slots for TBoMS transmission for type 1 CG is indicated using the RRC configuration of the configured grant.
Proposal 2: For TBoMS, a new variable  defined as the total number of coded bits available for transmission of the transport block in a slot is introduced (Aspect 1 – Alt 2).
Proposal 3: The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing (Aspect 2 – Interpretation 1).

Proposal 4: Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots (Aspect 3 – Direction 1).

Proposal 5: The index of the starting coded bits in the circular buffer for the -th slot of a single TBoMS, i.e., , is calculated as 

Where:
·  is the starting position of different redundancy version 
·  is the total number of coded bits available for transmission of the TB in a slot allocated for TBoMS (new introduced parameter H), assuming no UCI multiplexing, plus filler bits in the -th slot allocated for TBoMS, if any.
·  is the circular buffer length
· N is the number of slots allocated for TBoMS.

Proposal 6: Support type 1(non-interleaved) mapping 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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