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Introduction
[bookmark: OLE_LINK3]In RAN#94e, an agreement to use Option C was reached regarding the relation between UCI multiplexing and the determination of index of the starting coded bit in a slot. In this contribution, we discuss remaining aspects of TBoMS focusing on how to capture Option C in specification, handling of the filler bits in TBoMS as well as frequency hopping schemes. Link level simulations are provided to investigate performance of TBoMS under different conditions. The performance of the frequency hopping pattern originally developed for joint channel estimation applications in [2] is investigated in our companion paper [1] for TBoMS.
Discussion
[bookmark: OLE_LINK16]In Rel-15/16, transmission of a single-slot PUSCH is within a slot. A UE needs to determine the number of UL-SCH coded bits for transmission in a slot, which is used for bit selection and then bit interleaving. G indicates the number of selected coded bits for UL-SCH transmission, and E indicates the length of output bit sequence after rate matching. For per-slot bit selection of Rel-17 TBoMS, companies diverge on the relation between UCI multiplexing and the values of G and E. This is discussed in section 2.1.
As Rel-17 TBoMS crosses multiple slots, a new function is about the determination of the index of the starting coded bit in slots other than the first one. Although Option C was agreed, handling of per-slot bit selection and filler bits is not agreed and so these aspects are discussed in section 2.2.
We discuss whether to use a redefined G or a new parameter to meet the above two functions for TBoMS in section 2.3.
[bookmark: _Hlk68265639]
· Two functions are to be discussed for TBoMS, including the determination of the total number of UL-SCH coded bits available for transmission in a slot and the determination of the index of the starting coded bit in a slot other than the first one.

· [bookmark: _Hlk95739106][bookmark: _Hlk71620616]Whether to use a redefined G or a new parameter for the determination of the total number of UL-SCH coded bits available for transmission in a slot and the determination of the index of starting coded bit is to be discussed.
Impact of UCI multiplexing on the determination of the total number of UL-SCH coded bits available for transmission in a slot
In this section, we discuss the legacy relation between UCI multiplexing and the values of G and E, and then Aspect 2 - The value of G and E for TBoMS in [3].
In Rel-15/16, G is defined in section 5.4.2 of 38.212, and G is also referred to in section 6.2.7 for UCI multiplexing as follows according to the excerpts below.
	[bookmark: _Toc19798704][bookmark: _Toc26467175][bookmark: _Toc29326530][bookmark: _Toc29327680][bookmark: _Toc36045870][bookmark: _Toc36046130][bookmark: _Toc36046276][bookmark: _Toc45209193][bookmark: _Toc51852366][bookmark: _Toc74668425][bookmark: OLE_LINK11]5.4.2	Rate matching for LDPC code


The rate matching for LDPC code is defined per coded block and consists of bit selection and bit interleaving. The input bit sequence to rate matching is . The output bit sequence after rate matching is denoted as . 

if 

;
else

;
end if
where 

-	 is the number of transmission layers that the transport block is mapped onto;

-	 is the modulation order;

-	 is the total number of coded bits available for transmission of the transport block;
[bookmark: _Toc19798718][bookmark: _Toc26467189][bookmark: _Toc29326544][bookmark: _Toc29327694][bookmark: _Toc36045884][bookmark: _Toc36046144][bookmark: _Toc36046290][bookmark: _Toc45209207][bookmark: _Toc51852380][bookmark: _Toc74668439]6.2.7	Data and control multiplexing
	



[bookmark: _Hlk95389848]Denote  as the set of resource elements, in ascending order of indices , available for transmission of data in OFDM symbol , for . 
Step 1:


Set  for ;


Set  for ;
…
Step 4:
if UL-SCH is present for transmission on the PUSCH,


for  to 

;


for  to 

;

;
end for
end for







In step 4 of UCI multiplexing, the coded bits of UL-SCH are mapped on the resource elements available for transmission of data (rather than data and control). It means  , the set of resource elements available for transmission of data in OFDM symbol , considers the resource elements on which UCI bits are mapped in previous steps as being unavailable. This criterion of available/unavailable resource elements for transmission of data determines the total number of UL-SCH coded bits available for transmission, namely G in section 5.4.2. 

· In Rel-15/16, the determination of the value G considers the number of UCI bits, which are mapped on REs in UCI multiplexing steps ahead of step 4.
E is a rounded value of G to an integer times of layer numbers and modulation order. Therefore, we have the following observation.

· In Rel-15/16, the determination of value of E also considers the number of UCI bits, which are mapped on REs in UCI multiplexing steps ahead of step 4.
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]Aspect 2 - The value of G and E for TBoMS in [3] provides two interpretations on value E for TBoMS. Aspect 2 – Interpretation 1 is aligned with the legacy behavior. Reusing the legacy behavior of determination of G, except for the per-slot constraint as discussed in section 2.1.1, and E for TBoMS can reduce standard and implementation impacts.
Aspect 2 - The value of G and E for TBoMS (or, alternatively, the value of H)
	[bookmark: OLE_LINK9][bookmark: OLE_LINK8]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.
[bookmark: OLE_LINK4]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.




· Aspect 2 – Interpretation 1 is aligned with the legacy determination of the length of rate matching output sequence. It can reduce standard impact and implementation impact, if reused for TBoMS.

· [bookmark: _Hlk95739096]For TBoMS, the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.
[bookmark: OLE_LINK2]Determination of the index of the starting coded bit
RAN#94e agreed to adopt Option C for bit selection according to the following agreement, but how to capture it in specification is still open for two reasons. One reason is the legacy G considers the transmission of a whole TB, inconsistent with the per-slot bit selection rule for TBoMS with a TB over multiple slots. Another reason is the filler bits. 
	In RAN1#106bis-e
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.
In RAN#94e
Agreement:
· For the determination of the index of the starting coded bit in a transmitted slot for TBoMS: 
· adopt option C at RAN#94e
· task RAN1 to work on the corresponding CR(s) for RAN#95e


2.1.1 Per-slot bit selection for TBoMS
The following FL proposal 10 is an example of a redefined G. The difference between a redefined G (or a new parameter) for determination of the index of the starting coded bit in a slot and the legacy G used for determination of the number of selected coded bits is that the former is within one slot, and it doesn’t consider UCI multiplexing according to Option C.
	[bookmark: OLE_LINK12]FL’s proposal 10 
[bookmark: _Hlk95472864]The index of the starting coded bit in the circular buffer for the -th slot in a single TBoMS  is calculated as 
		,
[bookmark: _Hlk95473311]where  is the total number of coded bits available for transmission of the TB without UCI multiplexing in a slot allocated for TBoMS, and N is the number of slots allocated for TBoMS.
Note: this equation describes the logic of the bit-selection for TBoMS; decision on where and how to capture this in TS 38.212 is up to the Editor. 



· [bookmark: _Hlk95739119]For the determination of the index of the starting coded bit, a redefined G or a new parameter is equal to the total number of coded bits available for transmission of the TB in a slot assuming no UCI multiplexing in previous slots.
2.1.2 Handling of the filler bits in TBoMS
It was pointed out that filler bits may have impact on the determination of the index of the first coded bit in a slot. Two directions were given in [3].
	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.



The number of filler bits and the ratio of filler bits compared with the length of circular buffer are given in Table 1, assuming a TBoMS over two slots, two PRBs per slot and a 1+1 DMRS configuration. 
Table 1: Number of filler bits with different MCS indexes
	 
	TBS
	Number of filler bits
	Zc
	Ratio of filler bits in the circular buffer

	MCS=0
	128
	96
	24
	0.080

	MCS=1
	176
	128
	32
	0.080

	MCS=2
	224
	60
	30
	0.040

	MCS=3
	288
	96
	40
	0.048

	MCS=4
	352
	112
	48
	0.047

	MCS=5
	432
	112
	56
	0.040

	MCS=6
	504
	200
	72
	0.056

	MCS=7
	608
	96
	72
	0.027

	MCS=8
	672
	32
	72
	0.009

	MCS=9
	768
	16
	80
	0.004




· Filler bits can account for as much as 8% of the length of the circular buffer.
[bookmark: _Hlk61866012][bookmark: _Hlk83977939]As shown in section 2.5, Direction 1 outperforms Direction 2 by 0.5dB gain with QPSK at a code rate of approximately ½ (MCS6). In additional to the performance advantage, Direction 1 is aligned with consecutive bit selection in the agreed Option C.

· [bookmark: _Hlk95739125]Filler bits are considered for the determination of the index of the starting coded bit.
A redefined G or a new variable
As mentioned in section 2, we need to decide whether to use a redefined G or a new parameter for the two functions, the determination of the total number of UL-SCH coded bits available for transmission in a slot and the determination of the index of the starting coded bit. Given that the legacy G in section 5.4.2 of 38.212 considers UCI multiplexing and is about the transmission of a TB, we provide our view on how to serve the two functions of TBoMS by different parameters in Table 2.
Table 2: Two functions of TBoMS by different parameters
	 
	Determination of the total number of UL-SCH coded bits available for transmission in a slot
	Determination of the index of the starting coded bit

	A redefined G or a new parameter H
	- a redefined G by adding the per-slot constraint based on the legacy G in section 5.4.2 of 38.212 (1st preference) or
	- a redefined G by adding the per-slot constraint and assuming no UCI multiplexing based on the legacy G in section 5.4.2 of 38.212 or

	
	- a new parameter H considering UCI multiplexing and within a slot
	- a new parameter H assuming no UCI multiplexing (1st preference)

	E
	no change for E, which is associated with the redefined G if applicable
	N/A



As discussed in section 2.1 and 2.1.1, for the determination of the total number of UL-SCH coded bits available for transmission in a slot, the only change from the legacy G is that the redefined G is subject to one slot. E can be obtained by reusing the equations based on the redefined G. The redefined G is also backward compatible.

· [bookmark: _Hlk95739129]A redefined G is preferred for the determination of the total number of UL-SCH coded bits available for transmission in a slot.
As discussed in section 2.2, Option C assumes no UCI multiplexing. This has to be additionally considered for a second redefined G, leading to two redefined G used respectively for the two functions of TBoMS. A new parameter can be considered for the determination of the index of the starting coded bit, which only applies to TBoMS.

· [bookmark: _Hlk95739134]A new parameter H is used for the determination of the index of the starting coded bit assuming no UCI multiplexing and considering filler bits.
Other frequency hopping schemes
It was agreed in RAN1#106bis-e to support the legacy Rel-15/16 intra-slot and inter-slot frequency hopping for TBoMS. In RAN1#107bis-e, inter-slot frequency hopping with inter-slot bundling for DMRS bundling was agreed for TBoMS, as shown below.
	Agreement
[bookmark: OLE_LINK6]The same mechanism supporting inter-slot frequency hopping with inter-slot bundling for DMRS bundling for type-A PUSCH repetitions is reused for TBoMS with/without repetitions.
· No optimization of FH mechanism specific to TBoMS with repetitions


Details of frequency hopping schemes are for further study. Therefore, the performance of the frequency hopping pattern originally developed for joint channel estimation applications in [2] is investigated in our companion paper [1] for TBoMS.
Performance evaluation of TB processing over multi-slot PUSCH
In NR Rel-15 and 16, transmission of a TB is determined by RE resources within a number of PRBs and a number of at most 14 OFDM symbols. To reach a certain UL data rate, usually multiple PRBs in a slot are allocated for a TB transmission. However, increasing resources in frequency domain will reduce the power density of the signals transmitted in each PRB, thus making the channel estimation accuracy worse, given the limitation of the total power of UE can have. In order to increase power spectrum density, one possible solution is to extend a TB that is in a small number of PRBs across multiple slots. 

· The feasible use cases of TB over multiple slots are the low data rate services, such as VoIP and low rate data. 
[bookmark: _Hlk68272026]In this section, we compare the performance of TBoMS between the following two directions of filler bits. As shown in section 2.1.2, MCS 1 and MCS 6 have the significant ratio of filler bits in circular buffer and therefore are used in our simulation. Other simulation parameters can be found in Table 1 in Appendix.
	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.


[image: 图表, 折线图
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    Figure 1: Direction 1 and 2 with MCS=1         Figure 2: Direction 1 and 2 with MCS=6

· At very low code rates such as 0.15 (MCS1), performance difference between two directions is negligible for QPSK. Direction 1 outperforms Direction 2 by 0.5dB at moderate code rates such as 0.44 (MCS6).
Summary
In this contribution, we have considered various aspects of TBoMS focusing on how to capture Option C in specification, handling of the filler bits in TBoMS as well as other frequency hopping schemes. Link level simulations were provided to investigate performance of TBoMS under different conditions.
Based on the discussion above, we have following proposals.
Proposals:
1. Whether to use a redefined G or a new parameter for the determination of the total number of UL-SCH coded bits available for transmission in a slot and the determination of the index of starting coded bit is to be discussed.
2. For TBoMS, the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.
3. For the determination of the index of the starting coded bit, a redefined G or a new parameter is equal to the total number of coded bits available for transmission of the TB in a slot assuming no UCI multiplexing in previous slots.
4. Filler bits are considered for the determination of the index of the starting coded bit.
5. A redefined G is preferred for the determination of the total number of UL-SCH coded bits available for transmission in a slot.
6. A new parameter H is used for the determination of the index of the starting coded bit assuming no UCI multiplexing and considering filler bits.
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Table 1: Basic setup for TBoMS
	[bookmark: _Hlk83805646]System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· Waveform: DFT-s-OFDM

	UE speed
	· 3 km/h

	MCS table
	· Table 1 for PUSCH with transform precoding (q=2)

	DMRS configuration
	· Type 1, 2 DMRS symbols

	PUSCH duration
	· 14 symbols

	PRB num
	· 2 PRBs in one slot

	Channel
	· TDL-C (NLoS), 300ns delay spread, medium correlation

	Antennas
	· 1T2R for FDD

	Function
	· Disable HARQ and Link adaptation
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