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Motivation
 The following are agreements on TBoMS from #106-e [1] 
Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission.
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1
Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.
Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission.
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1
Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.
Agreement
TBoMS is supported for both configured grant and dynamic grant.
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. 
Agreement 
To calculate  for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS.
· FFS: whether further values 1<K<N are supported.
· FFS: details related to the indication of .
· Note: No supporting the case K=1 for a single TBoMS.
Agreement
Repetitions of a single TBoMS are supported, where:
· The number of 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. 
Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.
Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
Conclusion
The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission

In this contribution, we discuss the rate matching and bit interleaving aspects per slot versus per TBoMS.
Bit interleaving/ Rate Matching Aspects for TBoMS
Based on the agreements in 106-e, the following options are possible for bit selection (aka rate matching) and bit interleaving for TBoMS –
1) 1) Bit selection per slot and bit interleaving per slot
2) 2) Bit selection per TBoMS and bit interleaving per slot
3) 3) Bit selection per TBoMS and bit interleaving per TBoMS
Considering that the bits for the 2nd slot of TBoMS in option 1 will be taken after the ending bit position of slot 1, option 2 is same as option 1. Therefore, we will consider only the options 2 and 3 and refer to them as bit interleaving per slot and bit interleaving per TBoMS. We consider both performance, implementation and specification aspects of these features. 
Performance aspects:
First, we simulate the BLER performance of these cases for the settings mentioned in Table-1. 
Table 1: Simulation settings for checking the performance of TBoMS with bit interleaving per slot and per TBoMS
	Parameter
	Value

	Channel model
	Rural, TDL-C, 300ns

	Waveform
	DFT-s-OFDM

	MCS 
	3

	PRBs 
	4 (for 100kbps)

	SCS
	30 kHz

	DMRS	
	2 in a slot (2nd and 11th symbols)

	Number of Transmit Chains
	1

	Number of Receiver Chains
	2

	Slot aggregation
	4, TBS calculated using the number of slots aggregated. 

	Data rate
	100kbps

	Frame structure
	DDDSU


With the said configuration, that was agreed previously for coverage enhancement evaluations, 1 code block transmission is considered. This is the relevant scenario for coverage enhancement. We performed the following simulations
a) No dropping of UL slots
b) Random dropping of UL slots among the slots used for TBoMS
c) Random dropping of UL slots, other than the first slot, among the rest of the slots used for TBoMS
These are considered to simulate the dropping of UL transmission when UCI or other UL channels transmission may have to be prioritized over PUSCH transmission for TBoMS. The results are shown in in Figures 1,2,3 below. 
In Fig 1, as expected, without any dropping, both per slot and per TBoMS interleaving options perform similarly. When a slot is dropped randomly, then clearly interleaving across entire TBoMS transmission is superior. This is because in 1 code block transmission, all systematic bits end up being in the 1st slot. This is however not the case when interleaving is done per TBoMS. In Fig 3, it is seen that when the first slot is not dropped, both the per slot and per TBoMS options perform nearly the same. 
Observation: Interleaving per TBoMS performs better than interleaving per slot in terms of BLER. 
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Figure 1: BLER performance for TBoMS with interleaving per slot vs interleaving per TBoMS
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 Figure 2: BLER performance for TBoMS when a random slot is dropped (due to dropping rules) with interleaving per slot vs interleaving per TBoMS
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Figure 3: BLER performance for TBoMS when a random slot (other than 1st slot) is dropped (due to dropping rules) with interleaving per slot vs interleaving per TBoMS
UE Implementation aspects:
In the case of per slot interleaving, the circular buffer output must be stored at the transmitter for the entire duration of TBoMS and the bits that are transmitted per slot are chosen from this buffer. However, if the circular buffer is to be flushed, then LDPC encoder must run for every slot of the TBoMS which is an additional overhead. 
In the case of interleaving per TBoMS, the output of interleaving across slots of TBoMS is stored in a new buffer and the relevant bits for each slot are chosen from this new buffer. At this point, the circular buffer can be flushed but the new buffer is retained. 
In both cases, new control logic is required to be able to choose the relevant bits per slot for supporting TBoMS feature. 
gNB Implementation aspects:
In the case of per slot interleaving, the receiver must store the output of de-interleaver in a buffer until it receives relevant LLRs of the same code block from other slots and thereafter process them for code block decoding. This continues until the code block is decoded. In the per TBoMS interleaving case, the de-interleaver runs after all TBoMS slots are received. Until then the bits have to be stored in a buffer. Hence the implementation challenges are similar in both these cases. 
Observation: TBoMS is a new feature for Rel-17. This will be an upgrade over existing Rel-16 implementations. The implementation challenges for per-slot interleaving and per-TBoMS interleaving are similar. 
Specification aspects: 
When cancellation/dropping of UL slots must be done due to other channel transmission prioritization, then rules must be defined for picking the bits that must be transmitted in the subsequent slots. This effort is same in both the per slot and per TBoMS interleaving cases – in case of per slot interleaving, it must be specified which bits to be picked from the circular buffer and in the case of per TBoMS interleaving it must be specified which bits to be picked from the new buffer mentioned above. For example, in the case of per slot interleaving, consider the case of 4 slots TBoMS with overall payload to be sent of 4000 bits (output of rate matching). For 4 slots TBoMS, it may be specified that 1-1000 bits on 1st slot, 1001-2000 bits on 2nd slot, 2001-3000 bits on 3rd slot and 3001 to 4000 bits on 4th slot are transmitted. When 3rd slot should be dropped, then it should be specified whether the 4th slot will carry 2001-3000 bits or 3001-4000 bits. The same is the case with per TBoMS interleaving except that it must be handled at the output of interleaver. Hence the specification efforts are the same in both cases. 
Observation: The specification impact for per slot interleaving and per TBoMS interleaving is similar. 
TB size calculation
To calculate  for TBS determination, the scaling factor value =N is sufficient. When K<N, then it is equivalent to considering repetition within the N slots of TBoMS. Since the repetition framework is anyways being considered separately using the parameter M, we do not see any motivation to support K<N. When K=N, no new indication of K is required as long as N is indicated.
Proposal: For Ninfo calculation only K=N is supported. 
References
[1] RAN1 Chairman’s Report, RAN1#106e, August 2021.


image3.png
BLER

10f &
107! —&— Bit interleaving per TBoMS
| Bitinterleaving per siot
102
10
40 8 6 4 2 0

SNR(dB)





image1.png
BLER

107

| —#— Bitinterieaving per TBoMS

-~ Bitinterleaving per siot

5 4 2
SNR(dB)





image2.png
BLER

10

107

102

—6— Bitinterleaving per TBoMS
-~ Bitinterieaving per siot

4 6 4 2 0

SNR(dB)




