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In RAN#116bis, the follows agreements were made. 
	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


In contribution, we provide our views on enhancing uplink capacity/throughput via employing orthogonal cover code (OCC) on PUSCH, as well as the specification aspects related to OCC techniques. 

Uplink Capacity/Throughput enhancement 
As defined in TS38.211, a DFT-s-OFDM PUSCH transmission includes the steps of scrambling, modulation, layer mapping, transform precoding, precoding and resource mapping. As OCC can be applied across slots (repetitions), across symbol(s), and within an OFDM symbol, we separately analyse these OCC schemes in this section. 

1.1 Inter-slot time-domain OCC with PUSCH repetition Type A
Elements of OCC sequence can be multiplied on each repetition in a slot for a PUSCH configured with repetition type A. Specifically, the group of complex-valued symbols AFTER transform precoding per repetition shall be block-wise spread with the orthogonal sequence  according to the following equation.
                    equation (1)
where  is the number of DFT-s-OFDM symbols per repetition according PUSCH resource allocation in time domain. The time span of an OCC sequence is of occ-length slots. An example of the OCC across 2 slots and occ-length of  = 2 is shown in Figure 1.
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[bookmark: _Ref158215646]Figure 1 An example of inter-repetition OCC with occ-length=2

Observation 1: Inter-slot time domain OCC can reuse existing resource mapping for PUSCH repetition type A.

1.2 Inter-symbol(s) time domain OCC
By following a similar way as PUCCH format 1 as defined in clause 6.3.2.4.1 of TS38.211, OCC can be applied in PUSCH across DFT-s-OFDM symbols. Specifically, the block of complex-valued symbols y(0), …, y() to be mapped on the subcarriers of a group of DFT-s-OFDM symbols AFTER transform precoding shall be block-wise spread with the orthogonal sequence  according to the following equation. 
		                               equation (2)
where K is the number of DFT-s-OFDM symbols in a symbol group,  is the number of resource blocks, and  is the length of OCC. After the block-wise spread, the sequence  can be mapped to resource elements , which are not reserved for other purposes, in an increasing order of first the index  and then the index , similar as the mapping of PUCCH Format 1. The time span of an OCC sequence is of K*occ-length DFT-s-OFDM symbols. An example of the OCC scheme across DFT-s-OFDM symbol group with K=1 symbol per symbol group and occ-length =2 is shown in Figure 2. 
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[bookmark: _Ref158226434]Figure 2 An example of inter-symbol OCC with occ-length=2.
When UE is configured with PUSCH repetition type A, the inter-symbol(s) OCC can be applied on the DFT-s-OFDM symbol within a slot, as indicated by time domain resource allocation (SLIV) and is further repeated in the following Nrep-1 slots. In addition, after excluding DMRS from the number of consecutive symbols  (e.g., mapping type A with ) in SLIV within a slot, the remaining number of symbols should be an integral multiple of OCC-length 2, 4 and even 8. Due to reduced number of DFT-s-OFDM symbols per slot for TB mapping after inter-symbol(s) OCC, gNB can increase the MCS for the TB in a slot and keep the same repetition number to maintain the data rate. Alternatively, gNB can also schedule more slots for the TB (TBoMS) and reduce the number of repetitions. An example of employing TBoMS with 2 slots under inter-symbol(s) OCC is shown in Figure 3. 
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[bookmark: _Ref165229546]Figure 3 An example of the combination of inter-symbol(s) OCC and TBoMS.

If the number DFT-s-OFDM symbols of a symbol group is larger than 2, the inter-symbol(s) OCC can be directly applied to PUSCH repetition type B without change the existing resource mapping, as long as a nominal repetition is not across slot boundary.
Observation 2: Inter-symbol(s) OCC can be applied to PUSCH with repetition type A and TBoMS by changing the symbol-level resource mapping per slot. The resource mapping for PUSCH repetition type B can be reused when the number of symbols per symbol group is same as the length of PUSCH and the nominal repetition is not across slot boundary. 

1.3 Intra-symbol pre-DFT-s OCC
In order to alleviate the negative effect due to timing and phase drift across symbols or slots, OCC can also be applied in PUSCH within an DFT-s-OFDM symbol, similar as that used in PUCCH format 4 defined in clause 6.3.2.6.3 of TS38.211. Specifically, the block of complex-valued symbols (0),…,() for a PUSCH BEFORE transform precoding is block-wise spread according to the following equation. 
                               equation (3)
where , and  is the occ-length. The time span of an OCC sequence is one DFT-s-OFDM symbol. An example of OCC scheme within an OFDM symbol with =1, and the length of OCC  = 2 is shown in Figure 4.
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[bookmark: _Ref158215703]Figure 4 An example of intra-symbol OCC with occ-length=2.

Similar as inter-symbol(s) OCC, the number of subcarriers available to TB mapping is reduced to 1 over occ-length of the total allocated number. In order to keep same data rate as non-OCC scheme, gNB could either increase the MCS for a TB, or allocate more slots for a TB with TBoMS and reduce repetition number. As the OCC is spread within a DFT-s-OFDM symbol, the time domain resource mapping for PUSCH repetition type A/B and TBoMS can be reused.
Observation 3: Intra-symbol pre-DFT OCC can be applied to PUSCH with repetition type A/B and TBoMS. The legacy time domain resource mapping can be reused.

1.4 Additional specification aspects 
TBS calculation
The determination of TBS is given in clause 6.1.4.2 of TS38.214 and is shown as the following: 
	…….
The UE shall first determine the number of REs (NRE) within the slot: 

-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 









-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of the PUSCH allocation according to Clause 6.1.2.1 for scheduled PUSCH or Clause 6.1.2.3 for configured PUSCH,  is the number of REs for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without data, as described for PUSCH with a configured grant in Clause 6.1.2.3 or as indicated by DCI format 0_1, 0_2 or 0_3 or as described for DCI format 0_0 in Clause 6.2.2, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the  is not configured (a value from 6, 12, or 18), the  is assumed to be 0. For Msg3 or MsgA PUSCH transmission the  is always set to 0. In case of PUSCH repetition Type B,  is determined assuming a nominal repetition with the duration of L symbols without segmentation.

-	A UE determines the total number of REs allocated for PUSCH  as follows

-	For TB processing over multiple slots,  where  is the total number of allocated PRBs for the UE and N is the number of slots used for TBS determination indicated by numberOfSlotsTBoMS.
-	Otherwise, . 
-	Next, proceed with steps 2-4 as defined in Clause 5.1.3.2
-	For a PUSCH scheduled by fallbackRAR UL grant, UE assumes the TB size determined by the UL grant in the fallbackRAR shall be the same as the TB size used in the corresponding MsgA PUSCH transmission.
……


For inter-slot time-domain OCC with PUSCH repetition Type A, the TBS determination procedure in clause 6.1.4.2 of TS38.214 can be reused because the number of REs available for TB mapping is not changed. For inter-symbols time domain OCC, the number of available RE per slot (NRE) for TB size determination in clause 6.1.4.2 of TS38.214 should be scaled down by the length of OCC. 
Since OCC within a DFT-s-OFDM symbol is equivalent to repeating the complex-valued symbols before transform precoding by the length of OCC , the number of allocated subcarriers for PUSCH should be divided by the length of OCC. Hence, the number of REs available to a PUSCH repetition in a slot (NRE), as defined in clause 6.1.4.2 of TS38.214, should also scaled down by the length of OCC when determining the TB size.
Observation 4: TBS determination procedure in clause 6.1.4.2 of TS38.214 can be reused for inter-slot time domain OCC with repetition type A. The number of available RE per slot (NRE) for TB size determination should be scaled down by occ-length for inter-symbol(s) time domain OCC and intra-symbol pre-DFT OCC. 

UCI multiplex
Rate matching for UCI multiplexed on PUSCH is given in clause 6.3.2.4 of TS38.212, where the number of modulation symbols for HARQ-ACK transmission , the number of symbols for CSI part 1 transmission , and the number of symbols for CSI part 2 transmission  are respectively calculated. And the procedures to multiplex UCI on PUSCH so as to form a codeword is given in clause 6.2.7 of TS38.212. In addition, according to clause 9 of TS38.213, if a UE transmits a PUSCH over one or more slots or multiple PUSCHs over one or more slots that are scheduled by a DCI format, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in the one or more slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. 
For inter-slot time-domain OCC, since the number of REs that can be used for transmission of UCI in each OFDM symbol remains unchanged, the calculation of ,  and , as well as the legacy procedures of multiplexing UCI on PUSCH, can be reused. However, as OCC sequence is applied on multiple repetition across slots, the UCI should be also multiplexed on the slots/repetitions which are multiplied with the same OCC sequence in order to keep the orthogonality of OCC sequence. gNB should consider the impact on timeline for HARQ/CSI feedback due to the time span of an OCC sequence, when the UCI is multiplexed with PUSCH spread by OCC. 
For inter-symbol(s) time domain OCC, the UCI multiplexed on the PUSCH in a slot, if any, should also be block-wise spread under inter-symbol(s) OCC. Thus, the number of REs that can be used for transmission of UCI, i.e., , should be divided by the length of OCC. Besides, according to current multiplexing rule, REs for HARQ-ACK should be mapped from the first OFDM symbol after DMRS symbol(s). The time span of OCC sequence for UCI symbols may not align with the time span of OCC for data symbols because DMRS symbol is not spread with OCC. Thus, orthogonality  might not be guaranteed across UE with different UCI multiplexing pattern. 
As for the intra-symbol OCC, the UCI multiplexed with a PUSCH in a slot should also be block-wise spread together with UL-SCH before transform precoding such that the number of REs  that can be used for transmission of UCI needs to be scaled down by the length of OCC. The legacy procedures of multiplexing UCI on PUSCH can be reused.
Observation 5: 
· For inter slot time domain OCC, UCI should be multiplexed on every slot of the time span of an OCC sequence. 
· For inter symbol(s) time domain OCC, the DFT-S-OFDM symbols used to multiplex UCI should be aligned with the time span of an OCC sequence within a slot. 
· For intra symbol pre-DFT OCC, existing RE mapping for UCI multiplexing can be reused. 
Observation 6: When multiplexing UCI on PUSCH, the calculation of the number of symbols for HARQ-ACK transmission, CSI part 1 transmission and CSI part 2 transmission can be reused for inter-slot time domain OCC. Whereas the number of REs that can be used for transmission of UCI should be scaled by occ-length for inter-symbol(s) OCC and intra-symbol pre-DFT OCC.

RV cycling
For the transmission of PUSCH with dynamic grant or uplink grant received in a MAC RAR, the sequence of redundancy versions (RVs) is determined in clause 6.1.2.1 of TS38.214. For the transmission of PUSCH with configured grant, the sequence of RVs is determined in clause 6.1.2.3 of TS38.214.
For inter-repetition OCC, the RV cycling period should be aligned with the time span of the OCC sequence, i.e. repetitions multiplied with same OCC sequence having same RV.
For inter-symbol(s) time domain OCC and intra-symbol OCC, legacy RV cycling can be reused.. 
Observation 7: RV cycling period should be aligned with the span of an OCC sequence for inter-repetition OCC. Legacy RV cycling can be reused for inter-symbol(s) and intra-symbol OCC. 

Frequency hopping
As the phase continuity may not be guaranteed after frequency hopping, the interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC-length slots for inter-repetition OCC. Intra slot frequency hopping should be avoided. 
For inter symbol OCC, the span of OCC sequence should be within a hop for intra slot frequency hop. Inter slot frequency hopping can be reused. 
As the OCC spreading is within an DFT-s-OFDM symbol, both intra-slot and inter-slot frequency hopping can be used without change.
Observation 8: 
· For inter slot time domain OCC, the interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC-length slots. Intra slot frequency hopping should be avoided. 
· For inter symbols time domain OCC, the span of OCC sequence should be within a hop of intra slot frequency hopping. Inter slot frequency hopping can be reused.  
· For intra symbol pre-DFT OCC, both intra-slot and inter-slot frequency hopping can be used without change.

Power control
In TS38.213, the power control mechanism for PUSCH is given as the following: 
If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
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where,
……
·  for  and  for  where  is provided by deltaMCS for each UL BWP  of each carrier  and serving cell . If the PUSCH transmission is over more than one layer [6, TS 38.214], .  and , for active UL BWP  of each carrier  and each serving cell , are computed as below
·  for PUSCH with UL-SCH data and  for CSI transmission in a PUSCH without UL-SCH data, where 
·  is a number of transmitted code blocks,  is a size for code block , and  is a number of resource elements determined as , where  is provided by numberOfSlotsTBoMS as described in [6, TS 38.214] and  if numberOfSlotsTBoMS is not provided,  is a number of symbols for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell ,  is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol  and assuming no segmentation for a nominal repetition in case the PUSCH transmission is with repetition Type B, , and ,  are defined in [5, TS 38.212]
……
The potential impact on the PUSCH power control by OCC is the calculation of BPRE.  In BPRE, for a given TB to be transmitted, the BPRE value is impacted by the TB size () and number of resource elements  available for TB mapping. The impact on TB size has been discussed in section 2.4.1.  For inter slot OCC, existing definition of  can be reused. For inter symbol or intra symbol OCC,  depends on how the TDRA in DCI is interpreted.  If the TDRA is interpreted as time domain resource after  OCC, existing definition of  can be reused. If the TDRA is interpreted as time domain resource before OCC, then the value of  should be multiplied by NOCC since the actual PUSCH resource is NOCC times of the indicated one. 
Observation 9: For inter slot time domain OCC, the existing BPRE of the PUSCH power control can be reused. For inter symbol and intra symbol OCC, the number of resource elements calculating BPRE for PUSCH power control should be the total resource elements with OCC.

OCC indication and signaling
In clause 6.1 of TS38.214, the scheduling of PUSCH transmission is shown as the following: 
PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI according to clause 10.2 of [6, TS 38.213] after the reception of higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If configuredGrantConfigToAddModList is configured, more than one configured grant configuration of configured grant Type 1 and/or configured grant Type 2 may be active at the same time on an active BWP of a serving cell.
Under the configured grant Type 1, the PUSCH transmission is usually performed after reception of configuredGrantConfig. Thus, OCC-related parameters, such as occ-Index and occ-Length, can be included in the rrc-ConfiguredUplinkGrant within configuredGrantConfig. As for the configured grant Type 2, where the PUSCH transmission is activated by a DCI scrambled by CS-RNTI, the OCC-related parameters can be included in DCI, or configured within configuredGrantConfig/pusch-config. Similarly, for the PUSCH transmission scheduled by the UL grant in a DCI, the OCC-related parameters can be included in a DCI or configured by higher layer signaling. 
Observation 10: For PUSCH transmission corresponding to the configured grant type 1, OCC-related parameters, such as occ-Index and occ-Length, can be configured within configuredGrantConfig.
Observation 11: For PUSCH transmission corresponding to the configured grant type 2, OCC-related parameters, such as occ-Index and occ-Length, can be included in the activation DCI, or configured within configuredGrantConfig/pusch-config.
Observation 12: For dynamic-granted based PUSCH transmission, the OCC-related parameters can be included in a DCI and configured by higher layer.

OCC sequences
For UEs configured with different OCC lengths, scheduling restrictions will occur if only UEs with the same OCC length can be multiplexed together. This issue can be solved by proper construction of the OCCs such that orthogonality is maintained between OCCs of different lengths. Consider the OCCs of lengths  and 8 using Hadamard sequences defined by the rows of matrix .
	
	


The key property is that a row of matrix  is orthogonal to a subset of the rows in . For example, the first row of  is orthogonal to all rows of , except the first and fifth row. Hence, these OCCs could be multiplexed together. Moreover, the first row of , the second row of  and the fourth row of   are all orthogonal, which makes it possible to schedule OCCs with lengths ,  and  together. The length of Hadamard sequences is limited to  for integers , but OCCs for other lengths, e.g.,  and , can be constructed from other sequences, e.g., DFT sequences (see Appendix B) while still producing orthogonal OCCs between different lengths. Alternatively, Zadoff-Chu sequences can be used, as they have the benefit of consisting of fewer complex values than DFT sequences (see Appendix B), which could make the transmitter and receiver implementation simpler. Furthermore, an example of OCCs of length  using QPSK is given in Appendix B.
Observation 13. The OCC sequences can be constructed such that orthogonal multiplexing is possible between OCCs of different lengths.

1.5 Comparison of OCC schemes 

In summary, the characteristics of OCC schemes and potential standard impacts are compared in the following table.
Table 1 Comparison of OCC schemes
	OCC scheme
	Inter-repetition OCC
	Inter-symbol(s) OCC
	Intra-symbol OCC

	Time to perform Block spreading
	After transform precoding
	After transform precoding
	Before transform precoding

	Scheduling flexibility
	No restriction
	OCC length should divide allocated length of PUSCH 
	OCC length should divide allocated number of subcarriers 

	Combinations with TBoMS
	No restriction
	OCC length should divide allocated length of PUSCH , where  is the number slots allocated for TBoMS.
	No restriction

	TBS determination
	No change
	Scale down by OCC length
	Scale down by OCC length

	UCI multiplexing
	Multiplexed in all slots of a span of OCC sequence overlapping a PUCCH. The UCI RE mapping within a slot can be reused
	Multiplexed in the slot overlap with a PUCCH (no change). The UCI RE mapping within a slot should align with time span of OCC sequence.
	Multiplexed in the slot overlap with a PUCCH (no change). The UCI RE mapping within a slot can be reused.

	RV cycling
	Repetitions spread with same OCC sequence having same RV
	No change
	No change

	Frequency hopping
	The hopping interval of inter-slot FH should be extended to X slot, where X=OCC-length. 
Intra slot frequency hopping should be disabled
	The OCC spreading should be restricted within a hop for intra slot frequency hopping.
No restriction for inter slot frequency hopping
	No restriction

	Power control
	No change
	Depending on how to interpret TDRA
	Depending on how to interpret TDRA

	OCC indication/configuration
	Configured within configuredGrantConfig/ pusch-config or included in DCI




[bookmark: _Ref157188694]Evaluation methodology and results
1.6 Evaluation methodology
In this section, multi-user link level simulations are provided to evaluate the performance of different OCC schemes. The baseband signals (after IFFT) from different UEs are generated independently following the PUSCH procedure and are mixed at receiver after passing through channel independently. For the power control, we assume the same transmit power from different UEs which simulates the similar receiving power at gNB. The performance of different OCC schemes can be observed by comparing BLER curves per UE and aggregated throughput across multiplexed UE with the baseline (PUSCH repetition type A without OCC). 
For inter-symbol OCC and intra-symbol OCC, both schemes with TBoMS (TB processing over multiple slots) and schemes without TBoMS are considered. Specifically, for schemes with TBoMS, one TB is spread across multiple slots for inter-symbol OCC and intra-symbol OCC in order to keep same TBS across different schemes. And the repetition number of a PUSCH with OCC is scaled down by OCC length in order to keep same amount of time and frequency resource across different schemes. Additionally, the results for inter-symbol(s) OCC with PUSCH repetition type B are also provided, in which each repetition occupies 7 symbols including 1 front loaded DMRS. To make a fair comparison, we assume the MCS is the same for non-OCC schemes, inter-slot OCC with repetition type A, inter-symbol(s) OCC with PUSCH repetition type B. For inter symbol OCC and intra symbol OCC, TBoMS is used to keep the same MCS as the baseline. An example of the resource mapping of PUSCH of baseline and different OCC schemes are illustrated in Figure 5. 
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[bookmark: _Ref158218484]Figure 5 Resource mapping for different OCC schemes and baseline for link level simulation
As for the schemes without TBoMS, MCS will increase accordingly with the number of multiplex UEs to achieve a TBS no smaller than the services required. 

1.7 Simulation results
In this subsection, the performance of different OCC schemes are compared for both VoIP and low data rate services. Unless otherwise specified, common simulation assumptions for VoIP and low data rate are given in Table 4 in Appendix B. And the aggregated throughout of all UEs is calculated according to the following equation: 
                          
where BLER is the bit block error rate per UE, and  is the duration time of PUSCH. 

PUSCH for VoIP
Table 2 Comparison of KPIs under different OCC schemes for PUSCH of VoIP
	
	
	Inter-slot OCC with repetition type A
	Inter-symbol OCC
	Intra-symbol OCC
	Inter-symbols OCC with repetition type B

	baseline
	SNR@2%BLER
	-5.6dB

	
	Aggr thpt @required SNR
	10.2kbps

	OCC2 w/ TBoMS
	SNR@2%BLER
	NA
	-5.4dB
	-5.6dB
	NA

	
	Aggr thpt @required SNR
	NA
	20.2kbps
	20.3kbps
	NA

	OCC4 w/ TBoMS
	SNR@2%BLER
	NA
	-5.2dB
	-5.6dB
	NA

	
	Aggr thpt @required SNR
	NA
	40.4kbps
	40.7kbps
	NA

	OCC2 w/o TBoMS
	SNR@2%BLER
	-5.2dB
	2.1dB
	1.7dB
	-5.6dB

	
	Aggr thpt @required SNR
	20.2kbps
	6.5kbps
	7.0kbps
	20.3kbps

	OCC4 w/o TBoMS
	SNR@2%BLER
	Not reach
	Not reach
	Not reach
	-5.2dB

	
	Aggr thpt @required SNR
	37.4dB
	1.5kbps
	3.0kbps
	40.4kbps


Via using the performance of single UE w/o OCC scheme as the baseline, the performance of different OCC schemes and the corresponding aggregated throughput under two UEs is shown in Figure 6, where the vertical line denotes the required SNR. It is firstly observed that inter-slot OCC w/ repetition type A, inter-symbols w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS share a similar BLER performance, with the former scheme being outperformed by the latter three schemes for a gap smaller than 0.4dB. As for schemes w/o TBoMS, intra-symbol OCC still slightly outperforms inter-symbol OCC with a gap of approximately 0.3dB. In addition, for both inter-symbol OCC and intra-symbol OCC, schemes w/ TBoMS significantly outperform schemes w/o TBoMS with a gap of approximately 7dB. The reason is that a higher modulation order is required for schemes w/o TBoMS, and it is more vulnerable to impairments such as TO and thus will compromise the performance gains brought by associated OCC schemes. 
Observation 14: For PUSCH of VoIP with occ-length = 2, inter-slot OCC w/ repetition type A, inter symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS share a similar BLER performance. 
Observation 15: For inter-symbol OCC and intra-symbol OCC with occ-length = 2, schemes w/ TBoMS significantly outperform schemes w/o TBoMS with a gap of approximately 7dB. 

The aggregated throughputs of different OCC schemes with occ-length = 2 are illustrated in Figure 6(b). Due to the similar performance of the BLER, the aggregated throughput of inter-slot OCC w/ repetition type A, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS is almost the same. Specifically, at the required SNR, the aggregated throughput increases from 10.2kbps under the single UE w/o OCC to 20.2kbps under inter-slot OCC w/ repetition type A and inter-symbol OCC w/ TBoMS, and to 20.3kbps under inter-symbols OCC w/ repetition type B and intra-symbol OCC w/ TBoMS. This indicates that with occ-length =2, at least a 98% throughput gain can be achieved when employing inter-slot OCC w/ repetition type A, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS at the required SNR.
When compared to single UE w/o OCC for the two schemes w/o TBoMS, although a 98% throughput gain can be obtained for SNR higher than 3dB, a 37% degradation and 31% degradation are observed for inter-symbol OCC and intra-symbol OCC, respectively, at the required SNR. 
Observation 16: For PUSCH of VoIP with occ-length = 2 at the required SNR, compared to the throughput of 10.2kbps for the single UE w/o OCC, at least a 98% throughput gain (10.1kbps) can be obtained for inter-slot OCC w/ repetition type A, inter symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS, and intra-symbol OCC w/ TBoMS.
Observation 17: For PUSCH of VoIP with occ-length = 2, when compared to single UE w/o OCC, a 98% throughput gain can be obtained at SNR higher than 3dB with inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS, respectively, while 37% and 31% throughput degradation are observed, respectively, at the required SNR.
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(a) The BLER performance		(b) The aggregated throughput performance
Figure 6 The performance of different OCC schemes for PUSCH of VoIP with occ-length = 2.

The performance of different OCC schemes under occ-length = 4 is compared in Figure 7. Since the orthogonality can still be preserved in inter-symbols OCC w/ repetition type B, intra-symbol w/ TBoMS and inter-symbol OCC w/ TBoMS with a larger number of co-scheduled UEs, these schemes outperform inter-slot OCC w/ repetition type A, and the performance gain grows with the increase of SNR. In particular, intra-symbol OCC w/ TBoMS achieves @2% BLER at SNR of -5.6dB, while inter-symbols OCC w/ repetition type B and inter-symbol OCC w/ TBoMS achieves @2% BLER at SNR of -5.2dB. As for schemes w/o TBoMS, inter-symbol OCC and intra-symbol OCC can hardly work. 
When compared to single UE w/o OCC scheme at the required SNR, the aggregated throughput increases from 10.2 kbps to 37.4kbps under inter-slot OCC w/ repetition type A, 40.4kbps under inter-symbols OCC w/ repetition type B and inter-symbol OCC w/ TBoMS, and 40.7kbps under intra-symbol OCC w/TBoMS, and thus a 267% throughput gain, a 296% throughput gain, and a 299% throughput gain can be obtained respectively. Although inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS outperform inter-slot OCC w/ repetition type A in terms of BLER performance, the gap in terms of aggregated throughput is smaller than 3.3kbps at the required SNR. Similar as occ-length = 2, both inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS are still outperformed by single UE w/o OCC at the required SNR. 
Observation 18: For PUSCH of VoIP with occ-length = 4, when compared to single UE w/o OCC at the required SNR, the aggregated throughput increases from 10.2 kbps to 37.4kbps under inter-slot OCC w/ repetition type A, 40.4kpbs inter-symbols OCC w/ repetition type B and inter-symbol OCC w/ TBoMS, and 40.7kbps under intra-symbol OCC w/ TBoMS, and thus a 267% throughput gain, a 296% throughput gain, and a 299% throughput gain can be obtained, respectively.
Observation 19: For PUSCH of VoIP with occ-length = 4, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS only slightly outperform inter-slot OCC w/ repetition type A with a gap smaller than 3.3kbps at the required SNR.
Observation 20: For PUSCH of VoIP with occ-length = 4, inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS can hardly work and the aggregated throughput is even smaller than single UE w/o OCC at the required SNR.
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(a) The BLER performance		(b) The aggregated throughput performance
Figure 7 The performance of different OCC schemes for PUSCH of VoIP with occ-length = 4.

PUSCH with low data rate
The simulation parameters of PUSCH for low data rate are given in Table 6 in Appendix A. A TBS of 104bits is employed for the comparison of different OCC schemes with different occ-length. The comparison of KPIs for different OCC schemes are summarized in Table 3. 
[bookmark: _Ref166221840]Table 3 Comparison of KPIs under different OCC schemes for low data rate. 
	
	
	Inter-slot OCC with repetition type A
	Inter-symbol OCC
	Intra-symbol OCC
	Inter-symbols OCC with repetition type B

	baseline
	SNR@10%BLER
	-6.5dB

	
	Aggr thpt @required SNR
	6.5kbps

	OCC2 w/ TBoMS
	SNR@10%BLER
	NA
	-6.2dB
	-6.4dB
	NA

	
	Aggr thpt @required SNR
	NA
	12.9kbps
	12.9kbps
	NA

	OCC4 w/ TBoMS
	SNR@10%BLER
	NA
	-6.0dB
	-6.3dB
	NA

	
	Aggr thpt @required SNR
	NA
	25.8kbps
	25.8kps
	NA

	OCC2 w/o TBoMS
	SNR@10%BLER
	-6.0dB
	-0.2dB
	-0.4dB
	-6.5dB

	
	Aggr thpt @required SNR
	12.9kbps
	8.4kbps
	8.5kbps
	12.9kbps

	OCC4 w/o TBoMS
	SNR@10%BLER
	-3.3dB
	not reach
	not reach
	-6.3dB

	
	Aggr thpt @required SNR
	23.7kbps
	1.4kbps
	2kbps
	25.8kbps



Via using the performance of single UE without OCC scheme as the baseline, the performance of different OCC schemes under occ-length = 2 and occ-length = 4 are shown in Figure 8 and Figure 9, respectively. It can be observed that the target BLER can be satisfied at the required SNR for inter-slot OCC w/ repetition type A, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS for both occ-length =2 and occ-length =4. With occ-length = 2, when compared to the single UE w/o OCC at the required SNR, the aggregated throughput increases from 6.5kbps to 12.9kbps for inter-slot OCC w/ repetition type A, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS, and thus a 98% throughput gain can be obtained. As for occ-length = 4, when compared to the single UE w/o OCC, the aggregated throughput increases from 6.5kbps to 23.7kbps under inter-slot OCC w/ repetition type A, and 25.8kbps under inter-symbol OCC w/ TBoMS, inter-symbols OCC w/ repetition type B, and intra-symbol OCC w/ TBoMS, and thus a 264% throughput gain and a 297% throughput gain can be respectively obtained. Although inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS outperform inter-slot OCC w/ repetition type A in terms of BLER performance, the gap in terms of aggregated throughput is only 2.1kbps at the required SNR. As for inter-symbol OCC and intra-symbol OCC, the performance gap between schemes w/ TBoMS and schemes w/o TBoMS is about 6dB in terms of BLER with occ-length = 2, and schemes w/o TBoMS can hardly work with occ-length = 4.
Observation 21: For PUSCH of low data rate with occ-length = 2 and occ-length = 4, the target BLER can be satisfied at the required SNR for inter-slot OCC w/ repetition type A, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS.
Observation 22: For PUSCH of low data rate with occ-length = 2, when compared to the single UE w/o OCC at the required SNR, the aggregated throughput increases from 6.5kbps to 12.9kbps for inter-slot OCC w/ repetition type A, inter-symbols w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS, and thus a 98% throughput gain can be obtained
Observation 23: For PUSCH of low data rate with occ-length = 4, when compared to the single UE w/o OCC at the required SNR, the aggregated throughput increases from 6.5kbps to 23.7kbps under inter-slot OCC w/ repetition type A, and 25.8kbps under inter-symbols w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS, and thus a 264% throughput gain and a 297% throughput gain can be respectively obtained.
Observation 24: For PUSCH of low data rate with occ-length = 4, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS only slightly outperforms inter-slot OCC w/ repetition type A with a gap of 2.1kbps at the required SNR in terms of aggregated throughput.
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(a) The BLER performance		(b) The aggregated throughput performance
Figure 8 The performance of different OCC schemes for PUSCH with low data rate and with occ-length = 2.
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(a) The BLER performance		(b) The aggregated throughput performance
Figure 9 The performance of different OCC schemes for PUSCH with low data rate and with occ-length = 4. 

Conclusions
In this contribution, enhancements on PUSCH via OCC are discussed. The proposals and observations are summarized as below: 
Observation 1: Inter-slot time domain OCC can reuse existing resource mapping for PUSCH repetition type A.
Observation 2: Inter-symbol(s) OCC can be applied to PUSCH with repetition type A and TBoMS by changing the symbol-level resource mapping per slot. The resource mapping for PUSCH repetition type B can be reused when the number of symbols per symbol group is same as the length of PUSCH and the nominal repetition is not across slot boundary. 
Observation 3: Intra-symbol pre-DFT OCC can be applied to PUSCH with repetition type A/B and TBoMS. The legacy time domain resource mapping can be reused.
Observation 4: TBS determination procedure in clause 6.1.4.2 of TS38.214 can be reused for inter-slot time domain OCC with repetition type A. The number of available RE per slot (NRE) for TB size determination should be scaled down by occ-length for inter-symbol(s) time domain OCC and intra-symbol pre-DFT OCC. 
Observation 5: 
· For inter slot time domain OCC, UCI should be multiplexed on every slot of the time span of an OCC sequence. 
· For inter symbol(s) time domain OCC, the DFT-S-OFDM symbols used to multiplex UCI should be aligned with the time span of an OCC sequence within a slot. 
· For intra symbol pre-DFT OCC, existing RE mapping for UCI multiplexing can be reused. 
Observation 6: When multiplexing UCI on PUSCH, the calculation of the number of symbols for HARQ-ACK transmission, CSI part 1 transmission and CSI part 2 transmission can be reused for inter-slot time domain OCC. Whereas the number of REs that can be used for transmission of UCI should be scaled by occ-length for inter-symbol(s) OCC and intra-symbol pre-DFT OCC.
Observation 7: RV cycling period should be aligned with the span of an OCC sequence for inter-repetition OCC. Legacy RV cycling can be reused for inter-symbol(s) and intra-symbol OCC. 
Observation 8: 
· For inter slot time domain OCC, the interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC-length slots. Intra slot frequency hopping should be avoided. 
· For inter symbols time domain OCC, the span of OCC sequence should be within a hop of intra slot frequency hopping. Inter slot frequency hopping can be reused.  
· For intra symbol pre-DFT OCC, both intra-slot and inter-slot frequency hopping can be used without change.
Observation 9: For inter slot time domain OCC, the existing BPRE of the PUSCH power control can be reused. For inter symbol and intra symbol OCC, the number of resource elements calculating BPRE for PUSCH power control should be the total resource elements with OCC.
Observation 10: For PUSCH transmission corresponding to the configured grant type 1, OCC-related parameters, such as occ-Index and occ-Length, can be configured within configuredGrantConfig.
Observation 11: For PUSCH transmission corresponding to the configured grant type 2, OCC-related parameters, such as occ-Index and occ-Length, can be included in the activation DCI, or configured within configuredGrantConfig/pusch-config.
Observation 12: For dynamic-granted based PUSCH transmission, the OCC-related parameters can be included in a DCI and configured by higher layer.
[bookmark: _GoBack]Observation 13. The OCC sequences can be constructed such that orthogonal multiplexing is possible between OCCs of different lengths.
Observation 14: For PUSCH of VoIP with occ-length = 2, inter-slot OCC w/ repetition type A, inter symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS share a similar BLER performance. 
Observation 15: For inter-symbol OCC and intra-symbol OCC with occ-length = 2, schemes w/ TBoMS significantly outperform schemes w/o TBoMS with a gap of approximately 7dB. 
Observation 16: For PUSCH of VoIP with occ-length = 2 at the required SNR, compared to the throughput of 10.2kbps for the single UE w/o OCC, at least a 98% throughput gain (10.1kbps) can be obtained for inter-slot OCC w/ repetition type A, inter symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS, and intra-symbol OCC w/ TBoMS.
Observation 17: For PUSCH of VoIP with occ-length = 2, when compared to single UE w/o OCC, a 98% throughput gain can be obtained at SNR higher than 3dB with inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS, respectively, while 37% and 31% throughput degradation are observed, respectively, at the required SNR.
Observation 18: For PUSCH of VoIP with occ-length = 4, when compared to single UE w/o OCC at the required SNR, the aggregated throughput increases from 10.2 kbps to 37.4kbps under inter-slot OCC w/ repetition type A, 40.4kpbs inter-symbols OCC w/ repetition type B and inter-symbol OCC w/ TBoMS, and 40.7kbps under intra-symbol OCC w/ TBoMS, and thus a 267% throughput gain, a 296% throughput gain, and a 299% throughput gain can be obtained, respectively.
Observation 19: For PUSCH of VoIP with occ-length = 4, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS only slightly outperform inter-slot OCC w/ repetition type A with a gap smaller than 3.3kbps at the required SNR.
Observation 20: For PUSCH of VoIP with occ-length = 4, inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS can hardly work and the aggregated throughput is even smaller than single UE w/o OCC at the required SNR.
Observation 21: For PUSCH of low data rate with occ-length = 2 and occ-length = 4, the target BLER can be satisfied at the required SNR for inter-slot OCC w/ repetition type A, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS.
Observation 22: For PUSCH of low data rate with occ-length = 2, when compared to the single UE w/o OCC at the required SNR, the aggregated throughput increases from 6.5kbps to 12.9kbps for inter-slot OCC w/ repetition type A, inter-symbols w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS, and thus a 98% throughput gain can be obtained
Observation 23: For PUSCH of low data rate with occ-length = 4, when compared to the single UE w/o OCC at the required SNR, the aggregated throughput increases from 6.5kbps to 23.7kbps under inter-slot OCC w/ repetition type A, and 25.8kbps under inter-symbols w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS, and thus a 264% throughput gain and a 297% throughput gain can be respectively obtained.
Observation 24: For PUSCH of low data rate with occ-length = 4, inter-symbols OCC w/ repetition type B, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS only slightly outperforms inter-slot OCC w/ repetition type A with a gap of 2.1kbps at the required SNR in terms of aggregated throughput.
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	[bookmark: _Hlk110968180]Parameter
	Value

	Scenario 
	Orbit
	LEO600

	
	Elevation angle
	30 degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Random selection from [-0.1 ppm, +0.1 ppm] for UEs
Variation of frequency error is negligible.

	
	Timing error
	Random selection from [-29Ts, +29Ts] for UEs
Timing drift is negligible.

	Transmitter 
	SCS
	15KHz

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	OCC sequence
	Walsh sequences for inter symbol/repetition OCC
Table 6.3.2.6.3-1/2 in TS38.211 for intra symbol OCC

	
	Velocity of UE
	3km/h

	Receiver
	Receiver algorithm
	MMSE



Table 5 Simulation assumption for PUSCH with VoIP
	
	Parameter
	Value

	Transmitter
	Number of PRBs
	2

	
	Repetition scheme
	Total slots Nrep = 20 with repetition type A repetition

	
	DMRS configuration

	DMRS for PUSCH with transform precoding
DMRS positions for single-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	
	DMRS port
	1000, 1001, 1002, 1003

	
	PUSCH
	PUSCH mapping type A with 12 OS

	
	OCC w/ TBoMS
	TBS
	208bits

	
	
	MCS
	MCS 11 in MCS Table 6.1.4.1-2 in [TS38.214]

	
	OCC w/o TBoMS
	TBS
	208bits (occ-length = 2), 224bits (occ-length = 4)

	
	
	MCS
	MCS 16 (occ-length = 2) and MCS 23(occ-length = 4) in MCS Table 6.1.4.1-2 in [TS38.214]

	
	OCC length
	2 and 4

	
	Number of UEs
	2 and 4 with same transmit power

	KPI
	BLER per UE
	SNR @2% BLER

	
	Aggregated throughput 
	Total throughout of 2 and 4 UEs multiplexed



Table 6 Simulation assumption for PUSCH with low data rate
	
	Parameter
	Value

	Transmitter
	Number of PRBs
	1

	
	Repetition scheme
	Total slots Nrep = 16 with repetition type A repetition

	
	DMRS configuration
	DMRS for PUSCH with transform precoding
DMRS positions for single-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	
	DMRS port
	1000, 1001, 1002, 1003

	
	PUSCH
	PUSCH mapping type A with 12 OS

	
	OCC w/ TBoMS
	TBS
	104bits

	
	
	MCS
	MCS 5 in MCS Table 6.1.4.1-1 in [TS38.214]

	
	OCC w/O TBoMS
	TBS
	104bits (occ-length = 2), 96bits (occ-legnth = 4)

	
	
	MCS
	MCS 11 (occ-length = 2) and 17 (occ-legnth = 4) in MCS Table 6.1.4.1-1 in [TS38.214]

	
	Number of UEs
	2 and 4 with same transmit power

	KPI
	BLER per UE
	SNR @10% BLER

	
	Aggregated throughput 
	Total throughout of 2 and 4 UEs multiplexed



Appendix B: Examples of OCCs
OCCs of length  and  using DFT sequences.
	
	



OCCs of length  and  using one cyclically shifted Zadoff-Chu sequence.
	
	



OCCs of length   using QPSK sequences.
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