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1. Introduction
[bookmark: _GoBack]In RAN1#116bis, the following(s) have been agreed for the UL capacity/throughput enhancement by using orthogonal cover code (OCC) in Rel-19 NR NTN [1]:
	[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


Accordingly, this contribution discusses potential issue(s) of UL capacity/throughput enhancement via OCC for DFT-s-OFDM based PUSCH transmission in FR1 NR NTN FDD system.

2. Discussion
2.1. OCC for NR NTN PUSCH
According to WID for NR NTN [1], OCC for PUSCH can be applied across OFDM symbols, across slots, or within an OFDM symbol. More generally, when applying OCC to PUSCH transmission, OCC can be applied in the following two ways:
· Option 1: Apply OCC within PUSCH
· Option 2: Apply OCC between PUSCH repetitions
Option 1 applies OCC within PUSCH and can therefore be seen as introducing a new PUSCH transmission format, which could result in very significant changes to the current specification. For example, for Option 1, the physical channel design (e.g., data generation/mapping, reference signal) may need to be changed for PUSCH with OCC. Therefore, for Option 1, the amount of specification work should be considered. On the other hand, Option 2 applies OCC between PUSCH repetitions, so the change in specifications may not be relatively large compared to Option 1. However, in the case of Option 2, the feasibility of applying OCC may need to be studied regarding the delay/doppler drift in NR NTN environments. For example, for Option 2, when OCC is applied to a PUSCH repeatedly transmitted for a plurality of slots, new requirements (e.g., phase continuity, power consistency, pre-compensation) may be required at the UE side to keep the orthogonality of OCC.

2.1.1. OCC within PUSCH
In the case of OCC within PUSCH (Option 1), the following two directions can be considered:
· Option 1-1: OCC within an OFDM symbol
· Option 1-2: OCC across OFDM symbol(s)
For Option 1, the enhancement of PUSCH DM-RS multiplexing capacity should be considered according to the enhancement of PUSCH multiplexing capacity. However, according to the current specification, when transform precoding (TF) is enabled and TF precoding for DM-RS is not configured, computer generated sequence (CGS) (i.e., low PAPR sequence generation type 1) is used for PUSCH DM-RS and the cyclic shift (CS) value of the DM-RS is fixed to 0 [3]. Therefore, in order to enhance DM-RS multiplexing capacity, there is no choice but to release the restriction on the CS value or utilize FDM/CDM resources which are for MU-MIMO support. However, according to WID, it was described that NR NTN UL enhancement is not targeting improvements/impacts of PUSCH DM-RS and MU-MIMO capability, so discussion is needed as to whether the enhancement on DM-RS multiplexing capacity can be included in the scope of WID or not.
Observation #1: For OCC within PUSCH (Option 1), specification changes on PUSCH DM-RS may be required to enhance DM-RS multiplexing capacity accordingly.
Proposal #1: In Rel-19 NR NTN, for OCC within PUSCH (Option 1), discussion is needed whether the enhancement of PUSCH DM-RS multiplexing capacity can be included in the scope of WID or not considering the followings notes:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS

In addition, in the case of OCC within PUSCH, when comparing aggregated throughput between the case without OCC and the case with OCC, the use of the same resources (e.g., RBs, slots) should be assumed. For example, assume that 4 PUSCHs are multiplexed within 4 PRB resources by using the OCC within an OFDM symbol (e.g., intra symbol OCC). If OCC is not applied, the whole PRBs (e.g., 4 PRBs) can be used for a single PUSCH transmission and the throughput in this case can be considered as the baseline. Alternatively, transmitting 4 PUSCHs with 1 PRB each can be considered as a baseline. In general, comparison can be made based on the throughput per unit resource divided by the total number of resources using the total aggregated throughput.
Proposal #2: In Rel-19 NR NTN, when comparing aggregated throughput with or w/o OCC, consider a comparison based on throughput when using the same transmission resource or throughput per unit resource.

2.1.1.1. OCC within an OFDM symbol
OCC within an OFDM symbol (within PUSCH) (Option 1-1) may be a scheme of applying OCC to data symbols before/after TF precoding. For example, block-wise spreading via OCC may be applied before TF precoding, such as NR PUCCH format 4. For Option 1-1, the benefits need to be clarified from the perspective of enhancing the uplink capacity/throughput of NR NTN. For example, when PUSCH is repeatedly transmitted in NR NTN for the purpose of UL coverage enhancement, additionally applying OCC can obviously improve uplink capacity/throughput. However, in the case of Option 1-1, the data is repeated in frequency domain and then OCC is applied, so the advantage of data repetition is not clear. For example, when servicing 2 UEs using 2 RBs, FDM-based transmission with 1 RB (per UE) and CDM-based transmission with 2 RBs (per UE) can achieve the same data rate since the payload is reduced by half due to repetition in the case of CDM. Therefore, this may be seen as a matter of choice between FDM and CDM. However, Option 1-1 can be considered in cases where FDM is not applicable, that is, when OCC is applied to 1RB, in that it supports sub-PRB allocation.
Proposal #3: In Rel-19 NR NTN, the benefits of OCC within an OFDM symbol should be clarified when RB allocation is greater than 1 PRB in terms of uplink/throughput enhancement.

For Option 1-1, if OCC is applied for a single RB or the number of allocated RBs is not a multiple of the OCC length (e.g., OCC length of 4 and allocated RB of 10), sub PRB allocation or non-integer PRB allocation may occur. However, since the current specification support PUSCH resource allocation in RB units only, the sub-PRB and/or non-integer PRB allocation may cause an impact on specification including TBS calculation. Therefore, for Option 1-1, a new TBS calculation scheme may be required. For example, an initial TBS can be calculated based on the total number of allocated PRBs, and then the initial TBS can be scaled according to OCC length.
Observation #2: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), sub-PRB allocation and/or non-integer PRB allocation may occur, which may have an impact on TBS calculation.

According to current specification, PT-RS is mapped with respect to the entire PUSCH resource before TF precoding and the PT-RS pattern can be varied according to the number of PT-RS groups and the number of samples per PT-RS group [3]. Since the current PT-RS pattern was designed without consideration on the data repetition for OCC, it may be difficult to use the current PT-RS for the PUSCH with OCC. Therefore, for Option 1-1, consideration is needed for PUSCH with PT-RS configured. For example, one simple solution for UE is not to expect the simultaneous configurations of OCC and PT-RS for PUSCH considering that the target scenario is FR1 NR-NTN.
Observation #3: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), RE grouping for OCC can be complicated according to PT-RS configuration.
Proposal #4: In Rel-19 NR NTN, study OCC within an OFDM symbol (within PUSCH) considering the following aspects:
· Sub-PRB and/or non-integer PRB allocation
· TBS calculation
· PT-RS configuration

2.1.1.2. OCC across OFDM symbol(s)
OCC across OFDM symbol(s) (within PUSCH) (Option 1-2) may be a scheme of applying OCC between symbol(s) when PUSCH is transmitted over multiple symbols. For example, OCC may be applied to adjacent symbols, such as NR PUCCH Format 1. Option 1-2 may be similar to applying OCC between repeated PUSCH transmissions within a slot (e.g., Type B), but has the advantage of reducing DM-RS overhead. On the other hand, for Option 1-2, symbol grouping for OCC can be complicated depending on the DM-RS configurations (e.g., DM-RS position, additional DM-RS, etc.). For example, in order to ensure orthogonality of OCC, each symbol group should have the same amount of data RE(s). However, the location and density of DM-RS may change depending on the DM-RS configuration, resulting in a variety of symbol group forms. Considering this, OCC may be applicable only for some DM-RS configurations that support the same data RE(s) for each symbol group. Or, if gNB want to operate multiple DM-RS configurations, it can be considered to use a separate DM-RS configuration for determining the symbol group(s) for OCC. In this case, the DM-RS configuration can be the union of all appliable DM-RS configurations.
Observation #4: For OCC across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping for OCC can be complicated according to DM-RS configuration.

When consisting symbol group(s) for OCC in Option 1-2, symbol indexing should also be considered. For example, when applying physical symbol indexing, symbol group(s) may not dependent on PUSCH resource allocation in time domain and DM-RS configuration, and it may be easy to align symbol group(s) between multiple UE(s) but it may difficult to maintain the same amount of data RE(s) per symbol group. On the other hand, when relative symbol indexing is applied, it may be easy to keep maintain the same amount of data RE(s) per symbol group, but symbol group alignment between UEs may be difficult. The relative symbol indexing can be an indexing based on symbols that are valid from a data transmission perspective, such as non-DM-RS symbols.
Observation #5: For OCC across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping and/or symbol group alignment for OCC may depend on the symbol indexing (e.g., physical/relative symbol indexing).

In addition, when configuring a symbol group where the same data is repeated, the symbol group may be composed of continuous symbol(s) or discontinuous symbol(s) (e.g., interlaced pattern), and pros and cons between the above two configurations can be further discussed. For example, when the symbol group for data repetition consists of continuous symbols, then SCH data and/or UCI can be mapped on a symbol group basis while ensuring orthogonality of OCC as much as possible. Moreover, when a symbol group is composed of consecutive symbols as described above, UCI can be preferentially assigned to a symbol group near a DM-RS that has an advantage in terms of channel estimation performance. On the other hand, when a symbol group is composed of discontinuous symbols, OCC orthogonality can be relatively lower, but it has the advantage of simplifying the specification impact.
Observation #6: For OCC across OFDM symbols (within PUSCH) (Option 1-2), OCC orthogonality and data/UCI mapping may be affected by how to determine the symbol group where the same data symbol is repeated.
Proposal #5: In Rel-19 NR NTN, study OCC across OFDM symbol(s) (within PUSCH) considering the following aspects:
· DM-RS configuration
· Symbol indexing (e.g., physical/relative)
· Symbol group for data repetition (e.g., continuous /discontinuous symbols)

2.1.2. OCC across PUSCH repetition(s)
In the case of OCC across PUSCH repetition(s) (Option 2), the following two directions can be considered:
· Option 2-1: OCC with PUSCH repetition Type A
· Option 2-2: OCC with PUSCH repetition Type B
Option 2 may be an integrated solution that can be applied to both IoT NTN and NR NTN, and may be a study direction to reduce specification work. However, the feasibility of applying OCC should be studied considering impairments such as time/frequency shift and phase distortion in GSO/NGSO environment.

2.1.2.1. OCC with PUSCH repetition Type A
OCC with PUSCH repetition Type A (Option 2-1) may be a scheme of applying OCC between PUSCH repetition(s) where PUSCH is repeated on a slot basis. For example, a PUSCH allocated within one slot may be repeatedly transmitted for a plurality of slots, and OCC may be applied across PUSCH repetition(s). In order to apply OCC between slots, the feasibility of maintaining orthogonality of OCC should be considered. For example, during the period where OCC is applied, gNB can expect UE to maintain phase continuity and/or power consistency of PUSCH transmission. This can be supported by reusing the capabilities of DM-RS bundling introduced in UL coverage enhancement (e.g., nominal/actual TDW) or defining new UE capabilities. Additionally, in NR-NTN, UE is expected to apply pre-compensation for delay/Doppler during uplink transmission, and the pre-compensation process depends on UE implementation. However, in order to ensure the orthogonality of OCC, discussion on the RF requirements including pre-compensation requirements for OCC may be necessary. For example, when an NTN UE reports OCC support capability, delay/Doppler pre-compensation capability within a certain level may be required as a prerequisite for the OCC capability.
Observation #7: For OCC with PUSCH repetition Type A (Option 2-1), OCC orthogonality may not be guaranteed without pre-requisites such as phase continuity, power consistency, delay/Doppler pre-compensation, etc.

For Option 2-1, some operations of PUSCH repetition Type A may need to be changed. For example, in PUSCH Repetition Type A, when PUSCH is repeated over slots, redundancy version (RV) cycling over PUSCH repetition(s) is applied. However, for Option 2-1, the same signal should be repeated for applying OCC, so RV may need to be fixed between repeated transmissions. Additionally, if the OCC across PUSCH repetition(s) is also applied to the DM-RS sequence within the PUSCH, the DM-RS sequence may need to remain the same between PUSCH repetition(s). According to current specification, PUSCH DM-RS sequence has an initial value which depends on slot index, but when OCC is applied, the initial value for PUSCH DM-RS sequence within repeated transmission can be fixed to the same value.
Observation #8: For OCC with PUSCH repetition Type A (Option 2-1), changes in RV and/or PUSCH DM-RS sequences through slots may not be suitable for OCC application.

In Rel-17, support of PUSCH repetition Type A for Msg3 PUSCH was also introduced. Therefore, when discussing the application of OCC to PUSCH Repetition Type A, it can be discussed whether applying OCC for Msg3 PUSCH is in the study scope. For example, in the case of Msg3 PUSCH, uplink capacity/throughput can be reduced up to 1/16 with the maximum repetition number of 16. Therefore, if OCC is not applied for Msg3 PUSCH case, a significant latency may occur during initial access of NTN UE. For Msg3 PUSCH, OCC resources can be linked to RA preamble resources.
Observation #9: For OCC with PUSCH repetition Type A (Option 2-1), the enhancement can be also applied to Msg3 PUSCH with repetition(s).

Meanwhile, for the PUSCH repetition Type A, the use of TB processing over multi-slot PUSCH (TBoMS) can be further enabled. When TBoMS is applied, a single TB can be transmitted over multiple slot(s) (e.g., N slots). In addition, if the number of repetitions of TBoMS is given (e.g., K), TBoMS can be transmitted repeatedly K times. Then, OCC can be applied across multiple TBoMS repetition(s). However, because the orthogonality of OCC may be vulnerable to RF impairments such as TO/FO, it may not be desirable to apply OCC over a long period of time on the time axis. Therefore, when applying TBoMS, it may be considered to improve the TBoMS transmission method to be more advantageous in maintaining OCC orthogonality. For example, if TBoMS is repeated K times, a method in which each repetition is transmitted alternately by one slot may be considered (e.g., interleaved manner).
Observation #10: For OCC with PUSCH repetition Type A (Option 2-1), applying OCC across TBoMS repetition(s) may deteriorate the orthogonality of OCC.

Proposal #6: In Rel-19 NR NTN, study OCC with PUSCH repetition Type A considering the following aspects:
· Phase continuity and/or power consistency
· Time/Frequency shift pre-compensation
· RV (redundancy version) cycling
· DM-RS sequence initialization
· Msg3 PUSCH enhancement
· TBoMS enhancement

[image: ]
Figure 1. Example of OCC with PUSCH repetition Type A

2.1.2.2. OCC with PUSCH repetition Type B
OCC with PUSCH repetition Type B (Option 2-2) may be a scheme of applying OCC between PUSCH repetition(s) where PUSCH is repeated on a symbol group basis (e.g., back-to-back repetition). In PUSCH repetition Type B, time domain resource of actual PUSCH repetition can be different from that of the nominal PUSCH repetition if there is slot boundary or invalid UL symbol(s) within the nominal PUSCH repetition. For example, if a nominal PUSCH repetition passes a slot boundary, it may be divided into one or more actual PUSCh repetition(s). Therefore, for Option 2-2, whether or not OCC is applicable may be affected by the length/number of actual PUSCH repetition(s). For example, UE can expect OCC to be applied only if the nominal PUSCH repetition is not fragmented. Or, if the lengths of actual PUSCH repetition(s) are different, UE may not expect to apply OCC for the PUSCH repetition(s).
Observation #11: For OCC PUSCH repetition Type B (Option 2-2), OCC applicability may be affected by the length/number of actual PUSCH repetition(s).
Proposal #7: In Rel-19 NR NTN, study OCC with PUSCH repetition Type B considering the following aspects in addition to Type A case:
· Nominal/actual PUSCH repetition(s)

2.2. Other issues for PUSCH with OCC
2.2.1. UCI multiplexing
When OCC is applied to PUSCH, the UCI multiplexing rules may need to be changed. For example, when applying OCC within a single PUSCH, the UCI RE mapping rule should be newly specified based on resources before the OCC is applied. Specifically, when block-wise OCC is applied, UCI piggyback rule can be defined within the unit resource block to which each element of OCC code is applied. Alternatively, when applying OCC across OFDM symbol(s), UCI RE(s) can be mapped in units of symbol groups to which OCC is applied. Then, a UCI RE mapping rule on symbol group basis that maintain the existing UCI mapping principles (e.g., adjacent to DM-RS symbols) may need to be discussed. Or, when applying OCC across PUSCH repetition(s), if UCI piggyback is performed only for some PUSCH repetition(s) as in the current specification, the data repetition structure is not maintained, so orthogonality of OCC is not guaranteed and interference may occur in other transmission(s). Therefore, it is necessary to introduce UCI multiplexing rules that maintain the orthogonality of OCC as much as possible. For example, UCI multiplexing rule can be defined based on all repeat PUSCH transmissions for which OCC is applied including PUSCH dropping/skipping. Specifically, when one of the PUSCH repetition(s) is dropped, all PUSCH repetition(s) to which the same OCC sequence is applied can be dropped, preventing interference to other PUSCH transmission(s). Since UCI multiplexing in NR supports multiplexing between PUCCH and PUSCH with flexible configurations and priorities, redesigning UCI multiplexing rule to introduce OCC may cause excessive specification work. Therefore, when supporting PUSCH with OCC in Rel-19 NTN, the legacy UCI multiplexing principle should be kept as much as possible.
Proposal #8: In Rel-19 NR NTN, study UCI multiplexing rules for PUSCH with OCC that supports the orthogonality of OCC while preserving the existing principles as much as possible.

2.2.2. OCC indication/configuration for interference mitigation
Unlike terrestrial network (TN), which allow cell planning through proper antenna tilting or sectorization in a small area, NTN serves a very large area through multiple footprints and/or satellite beams with a single satellite. Therefore, when receiving uplink transmission(s) (e.g., PUSCH) from NTN UE(s), inter-beam/cell interference can occur due to side-lobe in the receive beam pattern. Therefore, it was studied to avoid/mitigate the inter-cell/beam interference by frequency reuse factor (FRF) and/or RHCP/LHCP in NTN. When OCC is applied to PUSCH, the inter-cell/beam interference can be mitigated by randomization of OCC resource(s) among cells and/or satellite beams. As an example, when applying OCC to Type 1 configured grant (CG) PUSCH, the impact of interference can be reduced by applying different OCC patterns among cells/beams. Through this, when the number of NTN service UE(s) is sufficiently small, orthogonal OCC resources can be used to alleviate interference for PUSCH transmission between adjacent cells/beams.
Proposal #9: In Rel-19 NR NTN, study OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s).

[image: ]
Figure 2. Example of inter-cell/beam UL interference mitigation using OCC

2.2.3. UE grouping for OCC
Since NTN cell has a very wide service area, there may often be a large difference in UL RX power between different UEs within the NTN cell. Therefore, when OCC is applied to PUSCH, a near-far problem may occur in which the CDM effect is reduced due to a large difference in UL RX power between different PUSCH transmissions transmitted by different UEs. Therefore, when supporting OCC-based PUSCH multiplexing, it may be necessary to carefully determine which UE group is the target of multiplexing. For example, it may be considered to group UEs based on RSRP and have the corresponding UEs perform PUSCH transmission with different OCC indices.
Proposal #10: In Rel-19 NR NTN, study UE grouping for OCC based PUSCH transmission to prevent near-far problem.

3. Conclusions
In this contribution, we discussed UL capacity/throughput enhancement by using OCC in Rel-19 NR NTN and the following observation(s) and proposal(s) are made:

Observation #1: For OCC within PUSCH (Option 1), specification changes on PUSCH DM-RS may be required to enhance DM-RS multiplexing capacity accordingly.
Observation #2: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), sub-PRB allocation and/or non-integer PRB allocation may occur, which may have an impact on TBS calculation.
Observation #3: For OCC within an OFDM symbol (within PUSCH) (Option 1-1), RE grouping for OCC can be complicated according to PT-RS configuration.
Observation #4: For OCC across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping for OCC can be complicated according to DM-RS configuration.
Observation #5: For OCC across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping and/or symbol group alignment for OCC may depend on the symbol indexing (e.g., physical/relative symbol indexing).
Observation #6: For OCC across OFDM symbols (within PUSCH) (Option 1-2), OCC orthogonality and data/UCI mapping may be affected by how to determine the symbol group where the same data symbol is repeated.
Observation #7: For OCC with PUSCH repetition Type A (Option 2-1), OCC orthogonality may not be guaranteed without pre-requisites such as phase continuity, power consistency, delay/Doppler pre-compensation, etc.
Observation #8: For OCC with PUSCH repetition Type A (Option 2-1), changes in RV and/or PUSCH DM-RS sequences through slots may not be suitable for OCC application.
Observation #9: For OCC with PUSCH repetition Type A (Option 2-1), the enhancement can be also applied to Msg3 PUSCH with repetition(s).
Observation #10: For OCC with PUSCH repetition Type A (Option 2-1), applying OCC across TBoMS repetition(s) may deteriorate the orthogonality of OCC.
Observation #11: For OCC PUSCH repetition Type B (Option 2-2), OCC applicability may be affected by the length/number of actual PUSCH repetition(s).

Proposal #1: In Rel-19 NR NTN, for OCC within PUSCH (Option 1), discussion is needed whether the enhancement of PUSCH DM-RS multiplexing capacity can be included in the scope of WID or not considering the followings notes:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
Proposal #2: In Rel-19 NR NTN, when comparing aggregated throughput with or w/o OCC, consider a comparison based on throughput when using the same transmission resource or throughput per unit resource.
Proposal #3: In Rel-19 NR NTN, the benefits of OCC within an OFDM symbol should be clarified when RB allocation is greater than 1 PRB in terms of uplink/throughput enhancement.
Proposal #4: In Rel-19 NR NTN, study OCC within an OFDM symbol (within PUSCH) considering the following aspects:
· Sub-PRB and/or non-integer PRB allocation
· TBS calculation
· PT-RS configuration
Proposal #5: In Rel-19 NR NTN, study OCC across OFDM symbol(s) (within PUSCH) considering the following aspects:
· DM-RS configuration
· Symbol indexing (e.g., physical/relative)
· Symbol group for data repetition (e.g., continuous /discontinuous symbols)
Proposal #6: In Rel-19 NR NTN, study OCC with PUSCH repetition Type A considering the following aspects:
· Phase continuity and/or power consistency
· Time/Frequency shift pre-compensation
· RV (redundancy version) cycling
· DM-RS sequence initialization
· Msg3 PUSCH enhancement
· TBoMS enhancement
Proposal #7: In Rel-19 NR NTN, study OCC with PUSCH repetition Type B considering the following aspects in addition to Type A case:
· Nominal/actual PUSCH repetition(s)
Proposal #8: In Rel-19 NR NTN, study UCI multiplexing rules for PUSCH with OCC that supports the orthogonality of OCC while preserving the existing principles as much as possible.
Proposal #9: In Rel-19 NR NTN, study OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s).
Proposal #10: In Rel-19 NR NTN, study UE grouping for OCC based PUSCH transmission to prevent near-far problem.
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