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Structure of TBoMS
In RAN1#105-e meeting, several agreements were made for TBoMS. We discuss structure and procedure for TBoMS.
1.1. time domain resource for TBoMS
In RAN1#105-e meeting, the following agreement was made for time domain resource of TBoMS.
	Agreement:
Time domain resource determination for TBoMS can be performed only via PUSCH repetition Type A like TDRA. 
· FFS: details
· FFS: whether or not optimizations for time domain resource determination are necessary for allocating resource in the S slots (for the unpaired spectrum case) 




As agreed, time domain resource indication reuses the one of repetition type A. The remaining discussion is which counting method should be applied to TBoMS. In our view, “counting on the basis of available slots” discussed in AI8.8.1.1 should be applied due to the clear benefit of maximizing the number of time domain resources for unpaired spectrum.
Proposal 1: Repetition type A-like TDRA employs counting on the basis of available slots.
1.2. Rate matching aspects
In RAN1#105-e meeting, the following agreements were made for rate-matching of TBoMS.
	Working assumption
A transmission occasion for TBoMS (TOT) is constituted of at least one slot or multiple consecutive physical slots for UL transmission 
· FFS: whether the concept of TOT will be used for designing aspects related to signal generation, e.g., rate-matching, power control, etc.
· FFS: whether such concept will be specified or not.

Agreement:
· The structure of TBoMS will be according to only one of these two options (to be down-selected in RAN1#106-e)
· Option 3, if a design based on single RV is adopted. 
· Option 4, if a design based on different RVs is adopted. 
· FFS: other details, e.g., rate-matching, TBS determination, collision handling, etc. 
· The single RV is not constrained to have only the same coded bits in each slot or in each TOT
· The concept of TOT as per the corresponding Working assumption is used to define Option 3 and Option 4 and may or may not be used to design other details, e.g., rate-matching, TBS determination, collision handling and so on. 

Agreement:
The following three options for rate-matching for TBoMS are considered for down-selection during RAN1 #106-e, where only one option will be selected:
· Option a: Rate-matching is performed per slot;
· Option b: Rate matching is performed continuously across all the allocated slot(s) per TOT;
· Option c: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X. 
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option)




In NR, overall encoding procedure specified in TS38.212 occurs when the HARQ process in the MAC entity instructs an uplink transmission based on an uplink grant. In repetition procedure, N uplink grants are generated in the HARQ entity. The N uplink grants are called as a bundle where N is the number of repetitions. Therefore, each transmission occasion is tied to one uplink grant in the bundle.
Once the HARQ process in the MAC entity provided an instruction of uplink transmission, the PHY layer calculates a transport block size for the uplink transmission. As agreed at the last meeting, in the transport block size calculation procedure, an intermediate value Ninfo will be scaled up by K to get an appropriate effective code rate for a TBoMS. Then, a transport block with the determined size is delivered to the encoding unit from the higher layer. In the encoding unit, CRC attachment, CB segmentation and LDPC encoding are performed.
After LDPC encoding is performed on a given code block r, the output sequence d0, d1, d2, …, dN-1 is input to the circular buffer. Even when the unit X is a slot or a TOT, the circular buffer should be kept in the memory until the end of the TBoMS transmission. Otherwise, multiple LDPC encodings are required for the same code block.
In the bit-selection procedure, the size Er of the rate matching output sequence for the code block r is calculated by referring the size G of the available bits for a transmission where the size G is equal to the number of resource elements for RE for a PUSCH multiplied by the modulation order and the number of layers.
After determination of the size Er, the bit sequence of the size Er is read from the circular buffer. One discussion point is how to determine the starting point k0 for reading the circular buffer. When the unit X is defined as all the allocated slots for a TBoMS, only single starting point is required as shown in Figure 1(a). In that case, the starting point k0 can be determined by the indicated RV as for a single PUSCH transmission. When the unit X is a slot or a TOT, there are two alternatives as shown in Figure 1(b) and 1(c). As shown in Figure 1(b), repetition-like RV cycling can be adopted for a TBoMS. On the other hand, this solution leads to worse performance when a ratio Er/N is smaller than 1/4 due to loss of a part of systematic bits. However, it may not be a big issue assuming lower MCS being used for TBoMS. Moreover, we expect that the specification impact is small. 
Another approach is allocating a starting position k0 to the end of the prior coded bit mapping, which is shown in Figure 1(c). With this solution, the same performance as for the single RV transmission is ensured.


Figure 1: Circular buffer management for TBoMS
After performing the bit-selection procedure, bit-interleaving and code block concatenation procedure is performed for the output sequence. Finally, the resulting sequence is multiplexed with UCI. In UCI multiplexing procedure, it may be an issue when periodic CSI reporting overlaps with the TBoMS as shown in Figure 2. When the unit X for UCI multiplexing is all the allocated slots for a TBoMS, if the legacy UCI multiplexing procedure is reused, mapping of coded bits for the periodic CSI reporting configured in slot#9 would be mapped starting at the start of TBoMS. However, such a piggyback method leads to worse CSI accuracy when the CSI-RS is configured within TBoMS as shown in Figure 2. 


Figure 2: Handling of overlapped CSI reporting with a TBoMS
One more issue occurs when a semi-persistent CSI on PUCCH which is triggered after reception of an UL grant scheduling the TBoMS overlaps with a part of TBoMS in slot#9. In that case, when the UCI mapping starts at the starting OFDM symbol in TOT#0, the UE needs to update the size G. That leads to redo of bit-selection procedure for the TBoMS. Therefore, a unit for UCI multiplexing shouldn’t include any gap for uplink transmission.
Proposal 2: UCI is multiplexed in a slot or a TOT overlapping with a PUCCH for reporting the UCI.
As discussed above, all encoding procedures relate to each other. If UCI multiplexing is performed on a slot or a TOT, other procedures like bit-selection and RE mapping should be performed on a slot or a TOT.
Proposal 3: Bit-selection should be defined as a slot or a TOT. The size G should be defined by REs available for transmission of UL-SCH in a slot or a TOT.
Proposal 4: RE mapping should be performed per a slot or a TOT.
TBS determination
In RAN1#105-e meeting, the following agreement was made for rate-matching of TBoMS.
	Agreement:
The following approach is used to calculate NInfo for TBoMS:
· 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.
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.




A remaining issue on the TBS determination is the definition of K. Intuitively, K can be the number of slots for TBoMS. However, it causes an issue of TBS oversizing when a part of TBoMS transmission is dropped. For example, when high priority PUSCH overlaps with a TBoMS as in Figure 3, a TOT or a slot should be dropped for TBoMS transmission even when counting on the basis of available slots are adopted. In that case, scaling Ninfo by 3 slots causes oversizing. One approach to avoid such an oversizing is dynamic adaptation of K by scheduling DCI since the gNB usually knows the scheduling of such a high priority PUSCH before scheduling the TBoMS.
Proposal 5: K is dynamically adapted or signalled by the scheduling DCI for TBoMS.


Figure 3: Handling of collision handling
Signaling details
In RAN1#105-e meeting, the following agreement was made for signaling of TBoMS.
	Agreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
· FFS: details.




As agreed above, the number of slots for a TBoMS is indicated through a TDRA list where the TDRA list is configured via RRC. Therefore, for dynamic scheduling of a TBoMS, the number of slots can be indicated through a TDRA field in the DCI format. On the other hand, for configured scheduling of a TBoMS, the number of slots can be indicated through a value provided by RRC.
Proposal 6: The number of slots can be indicated through a TDRA field in the DCI format for dynamic scheduling of a TBoMS.
Proposal 7: The number of slots can be indicated through a value provided by RRC for configured scheduling of a TBoMS.
For retransmission of the TBoMS, exactly the same mechanism can be applied for the initial transmission. 
Proposal 8: The number of slots can be indicated through a TDRA field in the DCI format for retransmission of the TBoMS.
TBS for the retransmission needs to be aligned with the one for the initial transmission. If the scaling factor K is explicitly indicated through the DCI format, TBS can be easily aligned even when the number of slots for the initial and retransmission is different. However, if the scaling factor is determined by the number of slots for the TBoMS, TBS alignment without using special MCS value (e.g., MCS29 ~ 31 for MCS table 1) is difficult. Since the special MCS value relies on the detection of the scheduling DCI for the initial transmission, it is not recommended only to support special MCS value for retransmission. Therefore, we propose,
Proposal 9: The scaling factor K is explicitly indicated via the DCI format scheduling the TBoMS.
Repetition of TBoMS
As discussed in Section 2.2, in Rel-16 repetition framework, N uplink grants are generated by the HARQ entity for a single scheduling of repetition. The N uplink grants are called as a bundle of uplink grants. For each uplink grant, the HARQ process instructs the PHY layer to generate an uplink transmission. Based on the instruction, the PHY layer proceeds to the encoding procedure.
For TBoMS, the above MAC layer concept shouldn’t be broken unless strong need be. Therefore, the unit of the encoding procedure (i.e., unit X) should correspond to an instruction of the uplink transmission in the HARQ process. Therefore, in our view, TBoMS should be viewed as repetition in unit of X. With the proposal above, we can say,
Proposal 10: TBoMS is viewed as repetition in unit of a slot or a TOT.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Repetition type A-like TDRA employs counting on the basis of available slots.
Proposal 2: UCI is multiplexed in a slot or a TOT overlapping with a PUCCH for reporting the UCI.
Proposal 3: Bit-selection should be defined as a slot or a TOT. The size G should be defined by REs available for transmission of UL-SCH in a slot or a TOT.
Proposal 4: RE mapping should be performed per a slot or a TOT.
Proposal 5: K is dynamically adapted or signalled by the scheduling DCI for TBoMS.
Proposal 6: The number of slots can be indicated through a TDRA field in the DCI format for dynamic scheduling of a TBoMS.
Proposal 7: The number of slots can be indicated through a value provided by RRC for configured scheduling of a TBoMS.
Proposal 8: The number of slots can be indicated through a TDRA field in the DCI format for retransmission of the TBoMS.
Proposal 9: The scaling factor K is explicitly indicated via the DCI format scheduling the TBoMS.
[bookmark: _GoBack]Proposal 10: TBoMS is viewed as repetition in unit of a slot or a TOT.
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