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[bookmark: _Ref513464071]Introduction
In the RAN1#106e meeting, agreements on the determination of available slots for TBoMS as well as TB size were agreed [1]. Furthermore, it was agreed to support repetitions of a single TBoMS. In this contribution, we discuss the TBoMS structure, rate matching, repetition and retransmission.
Discussion
Resource allocation for TBoMS
TBoMS structure, RV and rate matching
In the last RAN1 meeting, it was agreed, as working assumption, to support a single RV for TBoMS transmission, and the TBoMS transmission can occupy non-contiguous slots:
	Working Assumption
Single TBoMS structure of Option 3 is selected
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 


Transmitting TBoMS with different RVs is an enhanced repetition scheme and defeats the original purpose of supporting PUSCH over multiple slots. The main motivation for this feature is to improve the coverage for low SNR conditions by mapping a single TB over multiple slots, focusing transmission power on the smaller number of PRBs and obtain time diversity gain. Transmission based on repetition with RV cycling is not the best to improve the coverage in limited power scenario. With the assumption of small number of PRBs allocated in frequency domain per slot, the usage of different RVs can impact the decoding performance of TBoMS and possibly leading to none of the RVs is self-decodable. We thus propose to confirm the WA.
Proposal 1: Confirm the Working Assumption on TBoMS structure (Option 3)
Another open issue that was discussed in the last RAN1 meetings is how rate matching is done for TBoMS. Continuous rate matching across multiple transmission occasions for TBoMS is not suitable for dynamic TDD where available resources in uplink slot can change in dynamic manner. For example, changing flexible symbol(s) to a downlink symbol(s) after allocating an UL grant with TBoMS will results on either puncturing the unavailable UL symbols or delaying the transmission to the next slot where all the symbols configured per slot are available. The rate matching per TOT or per slot can be useful for partial retransmission, as explained in Section 2.3, or for UCI multiplexing as explained later in this section. For simplicity and minimum specification impact, rate matching per slot can be supported.
Proposal 2: Rate matching is performed per slot.
Indication of the number of allocated slots for TBoMS
In the RAN1#105e meeting, it was agreed that the number of slots for TBoMS is determined by using a row of a TDRA list configured via RRC. In RAN1#106e meeting, three options were identified on how a TDRA table can indicate the number of slots. One option is to use a new TDRA table for TBoMS where different values of other parameters of the table can be configured. The gNB can configure the UE with two tables: legacy TDRA table and new TDRA table for TBoMS. The scheduling DCI can indicate which tables to be used and thus allowing a dynamic way to switch between single and multiple slot PUSCH.
Proposal 3: New dedicated TDRA table is used for TBoMS time domain resource allocation.
TBoMS repetition 
In the RAN1#106 meeting, repetitions of a single TBoMS were agreed to be supported: 
	Agreement
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.
· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission. 


 A single TBoMS with N slots can be repeated M times resulting on M*N total number of allocated slots for TBoMS with repetition. The gNB can indicate to the UE the number of allocated slots for TBoMS using different TDRA indication. One option could be that the TDRA indicates the total number of allocated resources M*N and the UE determines M and N based on a semi-static configuration of M. Another option could be that the TDRA includes a column with the number of repetitions M for each TDRA configuration.
Proposal 4:  The UE determines the number of TBoMS repetitions using the indicated TDRA.
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. Performance comparison between Type 1 and Type 2 mapping is shown in Figure 2. From the figure, it is clear that the performance difference between two mapping schemes is small. Since both types of mapping offer different types of advantages, the following proposal is made.
Proposal 5 : Support both type 1(non-interleaved) and type 2 (interleaved) mapping for TBoMS repetitions shown in Figure 1
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[bookmark: _Ref83942821]Figure 1 Examples of TBoMS repetition mapping : Type 1 (non-interleaved mapping) vs. Type 2 (interleaved mapping) for N=4, M=2
Details of simulation parameters are shown in Table 1 in Appendix of the contribution.
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[bookmark: _Ref83942710]Figure 2 BLER performance comparison between TBoMS Repetition Type 1 and Type 2
UCI multiplexing 
In Rel-16, the gNB can schedule a PUSCH transmission overlapping with PUCCH transmission. The UE then determines based on the time processing constraint whether to multiplex UCI on PUSCH or not. Similarly, UCI multiplexing can be supported with TBoMS transmission with a time processing constraint. 
The time processing constraint can be relative to the start of TBoMS transmission or a slot from the multi-slots configured for TBoMS, depending on how rate matching is performed i.e. continuous rate matching for all the transmission occasions for TBoMS or rate matched for each slot. To map UCI on TBoMS, one option could be to repeat UCI in multiple slots to increase the decoding performance of the UCI transmission in coverage limited scenario. If the UCI repetition can lead to TBoMS performance degradation, UCI can be transmitted only in one slot.
Proposal 6:  Support UCI multiplexing with TBoMS. FFS whether UCI is repeated on the multiple slots of TBoMS.
Retransmission of a TBoMS
In some cases, a portion of a TBoMS transmission can experience a different level of interference compared to other portions. The interference can be caused by deep fading, fast fading or other sporadic interference. In other cases, a TBoMS transmission can be interrupted by another uplink transmission in inter-UE multiplexing scenario. For example, the gNB can schedule a higher priority transmission overlapping with part of the TBoMS transmission. The gNB sends a cancellation indication to cancel part of the TBoMS transmission. In another situation, the gNB can change the flexible slot/symbol(s) to DL symbol in dynamic TDD mode. For example, after scheduling the UE with TBoMS transmission, the gNB may change some of the flexible symbols/slots to downlink symbols slots. In that case, the UE’s transmission will be interrupted.
Observation 1: Portion of the TBoMS can be interrupted by another transmission or experience burst interference.
It can thus be beneficial to retransmit a portion of the TB that was not successfully decoded. Given the TBS is small, CBG retransmission may not be possible or efficient. To support retransmission of only portion of initially transmitted TBoMS, the gNB can request the UE to retransmit symbols mapped to a given slot for example. The symbols mapped to a slot can be identified by an index and the gNB can request the retransmission of the symbols by indicating the slot index. Another option could be to map the information carried per each slot for example into a HARQ process. 
Proposal 7: Support enhanced retransmission mechanisms to avoid the retransmission of the entire TBoMS. 
Conclusion
In this contribution we discuss resource allocation aspects of the TBoMS transmission as well as TBoMS repetition and enhanced retransmission schemes. The following observations and proposals are made in this contribution:
Observation 1: Portion of the TBoMS can be interrupted by another transmission or experience burst interference.
Proposal 1: Confirm the Working Assumption on TBoMS structure (Option 3)
Proposal 2: Rate matching is performed per slot.
Proposal 3: New dedicated TDRA table is used for TBoMS time domain resource allocation.
Proposal 4:  The UE determines the number of TBoMS repetitions using the indicated TDRA.
Proposal 5 : Support both type 1(non-interleaved) and type 2 (interleaved) mapping for TBoMS repetitions 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
Proposal 6:  Support UCI multiplexing with TBoMS. FFS whether UCI is repeated on the multiple slots of TBoMS.
Proposal 7: Support enhanced retransmission mechanisms to avoid the retransmission of the entire TBoMS. 
References
[1] [bookmark: _Ref61525541]“Chair’s Notes RAN1#106-e final” 3GPP TSG RAN WG1 #106-e e-Meeting, Aug., 2021.

Appendix

[bookmark: _Ref79181264]Table 1 VoIP simulation for TBoMS with or without joint channel estimation
	Parameters
	Values

	Frequency Region
	FR1

	Duplexing mode
	TDD

	Carrier Frequency
	4GHz

	Subcarrier Spacing (kHz)
	30

	Tx  Bandwidth Configuration (MHz)
	100

	Waveform
	DFTsOFDM

	PHY channel
	PUSCH

	Allocation  (# of PRB)
	4 PRBs per slot and 1 PRB per slot for TBoMS for DDDUUDDDUU

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211)

	DM-RS (# of OFDM symbols)
	2DM-RS symbols per slot, Type B for uplink (14)

	Precoder
	None

	MCS index, table, VoIP packet size
	#4, Table 6.1.4.1-1, TS 38.214, VoIP packet size=320 bits

	HARQ sequence
	None

	Repetition/HARQ scheme
	None

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x4 uplink channels (i.e., 1 TX at UE and 4 RX at BS)

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	TBoMS repetition parameters
	M=1,2

	Repetition type mapping
	Type 1 and Type 2 illustrated in Figure 1

	Channel estimation
	Per-slot channel estimation

	UE mobility
	120km/hr

	CFO
	Uniformly distributed, 0.1 ppm as upper bound
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