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Background
The following has been agreed at the last meeting [1]. We present specification impact analysis on the OCC solutions.
	[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects




Specification impact analysis on the OCC schemes
1.1. Intra-symbol pre-DFT OCC
Intra-symbol pre-DFT OCC has already been supported for PUCCH format 4 in NR. Therefore, it is straightforward to reuse the structure for NTN PUSCH.
Figure 1 shows signal generation and RE mapping of PUCCH format 4 in one OFDM symbol. The length of the OCC is 2. Then, QPSK modulation symbols  to  are input to each entry of the length 2 OCC. In each entry, +1 or -1 is multiplied to the modulation symbols. After that, the sequence output from the OCC applies DFT. Due to the DFT nature, the output of the DFT becomes comb-like output. Therefore, the intra-symbol pre-DFT OCC is equivalently IFDM. 
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Figure 1: Signal generation and RE mapping of PUCCH format 4 in one OFDM symbol
Due to the OCC nature, effective resource amount is divided by the OCC length. In other words, in the time domain, OCC is viewed as a kind of repetition, and in the frequency domain, OCC is viewed as comb-based transmission. Therefore, code rate for a single slot transmission will be doubled unless TBS is scaled.
From the specification point of view, the reduction of effective resource affects the length of the rate-matching output sequence length as defined in TS38.212. The rate-matching output sequence length is the output length of the virtual circular buffer. 
Figure 2 shows an example of OCC impacts to virtual circular buffer. In Figure 2, the same TBS/MCS (MCS0, in the figure) and the same time/frequency allocation are assumed. The left figure shows a diagram showing rate-matching concept when MCS0 is used without OCC. In MCS0, the output rate-matching output sequence completes almost one cycle (shown in the bule arrow). This gives good Incremental Redundancy (IR) gain. On the other hand, in a case of length-2 OCC, IR gains will be significantly reduced due to the half-length of the rate-matching output sequence because of length-2 OCC. Length-4 OCC makes the situation worse, as shown in the right figure.
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	With OCC length 2
	With OCC length 4



Figure 2: OCC impacts to virtual circular buffer
On the other hand, PUSCH repetition type A will help solving the issue above to some extent. Figure 3 shows an example of RV cycling in PUSCH repetition type A. Even if the rate-matching output sequence length gets shortened by the OCC, the remaining parity bits can be swept by RV cycling like in the figure.


Figure 3: Example of RV cycling in PUSCH repetition type A
However, there are some other issues that RV cycling cannot solve. For example, there is a case where the rate-matching output sequence length is too short to read the systematic bits as shown in Figure 4. Table 1 shows evaluation results of the OCC impacts in terms of the number of parity bits  read from the virtual circular buffer in a case of RV0.  where  is the rate-matching output sequence length for single code block, and  is the number of systematic bits excluding first  bits that are excluded from the virtual circular buffer where  is the lift size of the LDPC code. 


Figure 4: Rate-matching output sequence length being too short to read the systematic bits 
Table 1a and 1b show evaluation results of  in a case of Length-2 and Length-4 OCC, respectively, assuming 14 OFDM symbol PUSCH with 2 DMRS symbols. Negative values means that all the systematic bits cannot be sent in any PUSCH repetitions, and thus, significant performance degradation will be observed. As shown in Table 1a, in MCS 9, in any RB configuration of 1 to 4 RBs, significant performance degradation will be observed. Also, in Table 1b, in any MCS larger than 4, significant performance degradation will be observed.
Therefore, irrespective of PUSCH repetition, we observe an issue on the virtual circular buffer. The issue comes from the shortened rate-matching sequence length by OCC. 
Table 1a: Evaluation results of  in a case of Length-2
	
	MCS 0
	MCS 1
	MCS 2
	MCS 3
	MCS 4
	MCS 5
	MCS 6
	MCS 7
	MCS 8
	MCS 9

	1 RB
	112
	108
	102
	92
	80
	64
	56
	40
	24
	-4

	2 RBs
	236
	220
	208
	188
	168
	120
	88
	64
	24
	-8

	3 RBs
	360
	336
	316
	264
	232
	184
	136
	80
	56
	-16

	4 RBs
	480
	448
	396
	352
	304
	240
	200
	96
	32
	-48



Table 1b: Evaluation results of  in a case of Length-2
	
	MCS 0
	MCS 1
	MCS 2
	MCS 3
	MCS 4
	MCS 5
	MCS 6
	MCS 7
	MCS 8
	MCS 9

	1 RB
	40
	36
	30
	20
	8
	-8
	-16
	-32
	-48
	-76

	2 RBs
	92
	76
	64
	44
	24
	-24
	-56
	-80
	-120
	-152

	3 RBs
	144
	120
	100
	48
	16
	-32
	-80
	-136
	-160
	-232

	4 RBs
	192
	160
	108
	64
	16
	-48
	-88
	-192
	-256
	-336



In our understanding, there are at least two options to solve the issue.
1) Scale down the TBS based on the OCC length
2) Change the starting position in the virtual circular buffer for each PUSCH repetition
Option (1) solves the issue by reducing the size of the virtual circular buffer. To reduce the size, TBS should be reduced. Reducing the TBS based on the OCC length is reasonable considering the single slot code rate. 
Figure 5 shows how Option (2) works. As shown in the Figure, Option 2 reuses TBoMS concept, in which the starting bit position in the virtual circular buffer is determined by the previous mapping. At this stage, we have the following proposal.
Proposal 1: Study the following options for intra-symbol pre-DFT OCC.
1) Scale down the TBS based on the OCC length
2) Change the starting position in the virtual circular buffer for each PUSCH repetition (like TBoMS)


Figure 5: TBoMS-like solution
Option 1
Scaling of TBS has impact on BPRE (Bit Per Resource Element) calculation. In NR, BPRE or the like is referred in UCI multiplexing and power control.
In UCI multiplexing, BPRE is used to calculate resource amount  for each UCI to be piggybacked. For example, of HARQ-ACK,  is calculated by Eq. (1).

Here,  corresponds to the reciprocal of the BPRE. The denominator  represents the total number of resource elements for a PUSCH in a slot, and the numerator  represents the total number of bits of code blocks. Therefore, in UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length.
Proposal 2: For UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC when TBS scaling is applied.


In power control, BPRE is used to calculate power offset factor . Here, BPRE is calculated by  where  is the total number of resource elements for a PUSCH in a slot. Therefore, in power control, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC.
Proposal 3: For power control, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC when TBS scaling is applied.
Option 2
In Option 2, TBoMS can be reused. On the other hand, there is a remaining issue on this option. Figure 6 shows the issue when UCI multiplexing happens in the 1st slot. In this case, The actual rate matching sequence length will be shortened to reserve resource for UCI in the 1st slot. However, the starting position of the 2nd slot is still determined by the reference rate matching output sequence length in the 1st slot. As in TS38.212 copied below, the starting position is determined by . Here,  is the starting position in the previous slot,  is the number of available bits which is equivalent to the rate matching output sequence length if the number of code blocks is one (TBoMS is applicable to a case of single code block transmission) assuming UCI multiplexing is not performed, and  is the offset factor taking the filler bits in the virtual circular buffer. Therefore,  is larger than the actual rate matching sequence length when UCI multiplexing happens. Therefore, we propose to further study the impact of UCI multiplexing in Option 2.
Proposal 4: Further study the impact of UCI multiplexing which leads to a risk of not transmitting systematic bits for intra-symbol pre-DFT OCC when TBoMS-like rate matching is performed.


Figure 6: Issue on the UCI multiplexing for Option 2

TS38.212V17.3.0
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Coded bits for each code block, denoted as , are delivered to the rate match block, where  is the code block number, and  is the number of encoded bits in code block number . The total number of code blocks is denoted by  and each code block is individually rate matched according to Clause 5.4.2 by setting  if higher layer parameter rateMatching is set to limitedBufferRM and by setting  otherwise, if numberOfSlotsTBoMS is not present in the resource allocation table, or if numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is equal to 1. When the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is larger than 1, each code block is individually rate matched per slot according to Clause 5.4.2 by setting 
-	 if higher layer parameter rateMatching is set to limitedBufferRM and by setting otherwise;
-	 as the total number of coded bits available for transmission of the transport block in the slot;
-	 as given by Table 5.4.2.1-2 according to the value of  and LDPC base graph if the slot is the first slot within the  slots allocated for the transmission of TB processing over multiple slots, and setting if the slot is a slot except for the first one within the  slots, where  is the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI,  denotes the index of starting coded bit in the previous slot within the  slots,  is the total number of coded bits available for transmission of the transport block in the previous slot within the  slots assuming no UCI multiplexing, and  denotes the number of skipped filler bits if any in the previous slot within the  slots according to Clause 5.4.2.1 by assuming no UCI multiplexing.



After rate matching, the bits are denoted by, where is the number of rate matched bits for code block number .



1.2. Inter-symbol OCC
Figure 4 shows an example of inter-symbol OCC.  In the inter-symbol OCC, symbol sets are defined where each symbol set applies OCC. In the figure below, 3 symbols sets have been defined where each set includes continuous OFDM symbols for UL-SCH excluding DMRS. 


Figure 4: Example of inter-symbol OCC
In intra-symbol OCC, the same argument is valid for TBS. That is, the rate-matching sequence length is divided by the OCC length. Therefore, we have the same proposal as the intra-symbol pre-DFT OCC. The same proposal can be made for the BPRE.
Proposal 5: Scale down the TBS by the OCC length for inter-symbol OCC.
Proposal 6: For UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for inter-symbol OCC.
Proposal 7: For power control, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for inter-symbol OCC.
In inter-symbol OCC, time domain HARQ-ACK multiplexing requires consideration because in the specification, the UE needs to identify the first OFDM symbol for the HARQ-ACK mapping as the first OFDM symbol after the front-loaded DMRS. However, in Figure 2 above, it’s unclear which is the first OFDM symbol after the front-loaded DMRS. Therefore, we propose the following.
Proposal 8: For HARQ-ACK multiplexing, study how to determine the first OFDM symbol after the front-loaded DMRS for inter-symbol OCC.
In inter-symbol OCC, PUSCH structure needs to be carefully designed. Especially, when frequency hopping is applied, multiple OCC length than 2 and 4 needs to be studied.
1.3. Inter-slot OCC
In inter-symbol OCC, rate-matching sequence length does not change with application of the OCC because the rate-matching sequence length is calculated assuming resource amounts of a single PUSCH repetition even in a case of PUSCH repetitions. 
Observation 1: TBS scaling is not necessary for inter-symbol OCC.
On the other hand, UCI multiplexing timeline issues still exist because of cross-slot association with OCC. Figure 5 shows UCI multiplexing for inter-slot OCC. In the figure, two repetitions with length-2 inter-slot OCC are assumed. The issue occurs if one of the PUSCH repetitions get collision with a PUCCH. In this case, in the legacy procedure, UCI multiplexing happens for Rep#1 and thus, the coded bit mapping of Rep#1 get changed from the original mapping. In this case, the gNB will not be able to decode the OCC anymore. Even worse, it will make gNB’s decoding of another UE multiplexed with the OCC with Rep#0 and Rep#1 impossible. Therefore, for inter-slot OCC, UCI multiplexing behavior needs to be updated.
There are several options to solve the issue.
1) Drop the PUCCH
2) Drop all the PUSCH repetitions associated with the OCC
3) Multiplex the UCI onto all the PUSCH repetitions associated with the OCC
Option 1 is simple. When one PUSCH repetition in the PUSCH repetitions associated with the OCC overlaps with a PUCCH, the UE drops the PUCCH. However, usually, PUCCH includes more important information like HARQ-ACK. Therefore, Option 1 is not recommended.
Option 2 and Option 3 has timeline issues like in Figure 5 since the UE will notice the collision after the completion of Rep#0. Figure 6 shows UCI multiplexing timeline for the inter-slot OCC. In the figure, timeline threshold is introduced for the UE to determine if Option 2 or 3 is available. If the PDCCH affecting the inter-slot OCC is detected before the timeline threshold, the UE will perform Option 2 or 3. Otherwise, the UE should drop the PUCCH.
Observation 2: New UCI multiplexing timeline needs to be introduced for inter-slot OCC.


Figure 5: UCI multiplexing for inter-slot OCC


Figure 6: UCI multiplexing timeline for inter-slot OCC
Similar problem occurs for power control because the UE Tx power for PUSCH repetitions is controlled per slot-basis. In inter-slot OCC, the system needs to ensure the same Tx power for all the PUSCH repetitions associated with the OCC. 
This issue may be solved by Rel-17/18 DMRS bundling. However, RAN1 should study if the DMRS bundling is enough to solve the power control issue.
Proposal 9: Study whether Rel-17/18 DMRS bundling solves the cross-slot power control issue for inter-slot OCC.
RV sequence needs also update. The current RV cycling is per slot-basis. Therefore, we suggest the following. The same RV version should be applied in the slots OCC is applied.
Proposal 10: Support new RV cycling schemes in cross-slot basis for inter-slot OCC.
Other details
1.4. Support for single slot PUSCH
In our understanding, there is no need to preclude support for single slot transmission. One of the reasons to preclude single slot transmission might be that repetition is essential to compensate large path loss for NTN. However, all the PUSCHs before RRC reconfiguration complete are single slot transmission. If the single slot transmission does not reach to the satellite, such a UE will not able to access to the cell.
Therefore, single slot PUSCH should be supported. Although the initial access related signals are precluded from the scope in the WID, there are other use cases like PUSCH scheduled by DCI format 0_0 with C-RNTI, or A-CSI reporting.
Proposal 11: Support OCC for single slot PUSCH without repetition.
Conclusion
In this contribution, we have the following observation:
Observation 1: TBS scaling is not necessary for inter-symbol OCC.
Observation 2: New UCI multiplexing timeline needs to be introduced for inter-slot OCC.
In this contribution, we have the following proposals:
Proposal 1: Study the following options for intra-symbol pre-DFT OCC.
1) Scale down the TBS based on the OCC length
2) Change the starting position in the virtual circular buffer for each PUSCH repetition (like TBoMS)
Proposal 2: For UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC when TBS scaling is applied.
Proposal 3: For power control, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC when TBS scaling is applied.
Proposal 4: Further study the impact of UCI multiplexing which leads to a risk of not transmitting systematic bits for intra-symbol pre-DFT OCC when TBoMS-like rate matching is performed.
Proposal 5: Scale down the TBS by the OCC length for inter-symbol OCC.
Proposal 6: For UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for inter-symbol OCC.
Proposal 7: For power control, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for inter-symbol OCC.
Proposal 8: For HARQ-ACK multiplexing, study how to determine the first OFDM symbol after the front-loaded DMRS for inter-symbol OCC.
Proposal 9: Study whether Rel-17/18 DMRS bundling solves the cross-slot power control issue for inter-slot OCC.
Proposal 10: Support new RV cycling schemes in cross-slot basis for inter-slot OCC.
Proposal 11: Support OCC for single slot PUSCH without repetition.
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