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1. [bookmark: _Ref4683067] Introduction 
The objective for this agenda item, stated in [1], is given by
Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline. 
In this contribution, we continue the discussion of multi-TRP for PDCCH, PUCCH and PUSCH based on the outcome of the RAN1#103e meeting [2] and the RAN1#104e meeting [3].
2. Enhancements on Multi-TRP for PDCCH
In Rel-16, single DCI based Multi-TRP scheme was introduced for ultra-reliable low-latency communication (URLLC). Two PDSCH transmission occasions conveying the same transport block (TB) are transmitted from two TRPs to increase the reliability of downlink data. Resource allocation for two PDSCH transmission occasions can be done by single DCI from one TRP. However, the reliability for PDCCH should be enhanced to fully use the benefit of multi-TRP based URLLC scheme in Rel-16 because the channel from the TRP sending PDCCH can be blocked. As in Figure 1, multiple PDCCH transmissions (PDCCH 0 and PDCCH 1 in the figure) from Multi-TRP using different beams indicating the same allocation information for PDSCH transmission occasions can improve the reliability of PDCCH. These PDCCHs can convey the same DCI or different DCI, but indicate the same resource allocation.


[bookmark: _Ref4682445]Figure 1: PDCCH enhancement for single DCI based Multi-TRP for URLLC 

2.1. Additional issues on PDCCH reliability enhancement
At the last meeting, some additional issues on PDCCH reliability enhancement was proposed for further study. We would like to provide our views on these issue in this subsection. 
	Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.



· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
For a reference PDCCH candidate, we have agreed to use the second PDCCH which ends later in time among the two linked PDCCH candidates in the time domain for most cases. Even if there was exception for DAI counting and determination of the last DCI, it is better to have the consistent solutions. So, we have the following proposal. 
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
In TS 36.314, if the PDSCH is scheduled by a DCI format not having the TCI field present and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a timeDurationForQCL, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or the QCL assumption of the CORESET used for the PDCCH transmission. For MTRP PDCCH repetition, we could use the TCI state or the QCL assumption of one of CORESETs.
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc.
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
As we already mentioned, the main use case for PDCCH repetition is URLLC. In Rel-16, we only introduced single DCI based M-TRP for URLLC. Therefore, there is no need to support multi-DCI based M-TRP. 
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.
We didn’t restrict two TCI states for two CORESETs should be the different. If the gNB wants to use single-TRP PDCCH repetition, they could configure the same TCI states for two CORESETs associated with two linked SS sets. If we further want to support single-TRP PDCCH repetition by using one CORESET, it is out of scope and should be discussed in URLLC AI. 
Based on the above analysis, we would like to propose the followings.
Proposal 1: For issue 1, use the second PDCCH candidate which ends later in time among the two linked PDCCH candidates in the time domain as a reference PDCCH candidate
Proposal 2: Regarding determination of PDSCH beam when TCI field is not present in DCI, use the TCI state or QCL assumption of a CORESET with lower ID. 
Proposal 3: Do not support PDCCH repetition for multi-DCI based M-TRP.
Proposal 4: S-TRP PDCCH repetition is already supported by configuring the same TCI state for two CORESETs associated with linked SS sets. If we want to introduce S-TRP PDCCH repetition by one CORESET, it is out of scope and should be discussed in URLLC AI.

2.2. BD limit
The following agreements was also made for Multi-TRP PDCCH at the RAN1#103-e and the RAN1#104-e meeting.  
	Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementatio



Regarding BD limit for PDCCH repetition, we would like to provide our views. Assumption 1 may be used for FDM case, but it should be up to UE implementation in a spec transparent way. Even for this case, we should use 2 BDs. For assumption 4, if PDCCH candidate is repeated, the UE doesn’t have to decode it separately and also jointly. If we allow the gNB to selectively choose to transmit separate PDCCHs in the repeated candidates, it will increase UE complexity. Depending on UE capability, we can use assumption 2 for selection decoding and use assumption 1 or 3 for soft combining. We believe that this issue can be quite controversial because it depends on UE’s architecture. All in all, PDCCH repetition scheme has been used since LTE, but we don’t have any special exception for BD/CCE limit. Therefore, we have the following proposal for the number of BDs.
Proposal 5: Support Option 4 because we don’t need to define any new BD number for M-TRP PDCCH repetition. It should be up to UE implementation. 
2.3. Number of soft LLR buffers
We made the following agreement at the last RAN1 meeting.
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set



For the highlighted part of linking monitoring occasions across two SS sets that exist in the same slot, we have the two cases for the configuration of monitoring occasions as shown in Figure 2. Two monitoring occasions are alternating between two SS sets in case 1. In this case, the UE only requires one soft LLR buffer. In case 2, monitoring occasions of SS set A and monitoring occasions of SS set B are sequential. Then the UE is required to use 4 soft LLR buffers. This will increase the size of soft buffers significantly depending on the configuration of monitoring occasions. 


[bookmark: _Ref68506289]Figure 2: PDCCH enhancement for single DCI based Multi-TRP for URLLC 

To avoid the problem, we would like to propose to restrict the configuration of monitoring occasions as follows.
Proposal 6: For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set
· The pair of monitoring occasions shall not have any monitoring occasion of another pair from the linked SS sets in between.

2.4. Intra-slot and Inter-slot repetition
The following was also proposed for intra-slot and inter-slot repetition at the RAN1#103-e meeting.  
	Updated FL Proposal 1: For PDCCH reliability enhancements with Option 2 + Case 1, at least support intra-slot and inter-slot repetition.
· FFS: Whether inter-slot repetition in consecutive slots is supported additionally.
· For inter-slot repetition, FFS whether consecutive slots should be used.



We believe that both intra-slot and inter-slot TDM should be supported because two approaches have different use cases. Thus, we have the following proposal. Basically, we support updated proposal 1 and can discuss the details on it at this meeting.
Proposal 7: Both intra-slot and inter-slot TDM can be supported for different use cases.

2.5. PUCCH resource determination
The following was agreed for PUCCH resource determination at the last RAN1#104-e meeting.  
	Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.



Considering the SS sets are linked for M-TRP PDCCH repetition, it is better to use SS set level index instead of CORESET ID. Thus, we have the following proposal. 
Proposal 8: For PUCCH resource determination, support Option 2: The one with the lowest SS set ID is applied 

2.6. Dynamic signalling 
The following was agreed for dynamic signaling at the last RAN1#104-e meeting.  
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set



Regarding FFS on dynamic signaling, since the UE can move around a cell, the UE may not be in a good region to be served with multi-TRP operation. Therefore, we can introduce new MAC CE to activate/deactivate the association of search space sets for PDCCH repetition in order to avoid unnecessary combing at the UE. When deactivated, the PDCCH candidates in a PDCCH tuple are treated independently, i.e., the PDCCH candidates can be unused or used to transmit a PDCCH scheduling a distinct TB. The gNB also can use these search space sets flexibly for other usages other than PDCCH repetition. 
Proposal 9: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition.

3. Enhancements on Multi-TRP for PUCCH/PUSCH
In the RAN1#104e meeting, we agreed to study the following aspects on multi-TRP PUCCH/PUSCH [3]:
	Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource



For the first bullet, we prefer not to have any enhancement on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols. Considering implementation complexity and operation stability, availability for UL transmissions should only depend on RRC configurations. Then, it suffices that gNB configures a suitable beam mapping pattern. To avoid falling back to a single-TRP scheme, we have at least the following options: First, it can be avoided by gNB’s scheduling on flexible symbols. Second, supporting dynamic indication of number of repetitions can also effectively address the issue.
Proposal 10: Enhancement on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols is not further considered in R17 FeMIMO.
For the second bullet, frequency hopping should be supported to benefit from frequency diversity, in addition to spatial diversity from multi-TRP schemes. However, it is unnecessary to bundle the frequency hopping configurations with the multi-TRP schemes under development. gNB should be capable of identifying the best configuration to exploit all sources of diversity. Thus, we may simply draw a conclusion that the existing R15/R16 configurations on frequency hopping can be applied on multi-TRP schemes.
Proposal 11: R15/R16 frequency hopping schemes can be used with multi-TRP schemes without specification impact.
For the third bullet, we note that TS 38.214 says that 
“For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Clause 9.2.1 of [6, TS 38.213].”
If gNB has the intention to schedule a PUSCH with DCI format 0_0, the so-called fallback DCI, then it is natural that the dedicated PUCCH resource with the lowest ID has only one spatial relation info. This restriction has little impact on configuration flexibility.
Proposal 12: The UE is not expected to be scheduled with two spatial relation info’s for the dedicated PUCCH resource with the lowest ID.
In the RAN1#104e meeting, we have the following agreements on closed-loop power control for multi-TRP PUCCH/PUSCH [3]:
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.

Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.



For closed-loop power control, we prefer to add a second TPC field for both PUCCH and PUSCH for full flexibility and less implementation effort:
Proposal 13: Per TRP closed-loop power control for PUCCH is supported by adding a second TPC field in DCI formats 1_1 / 1_2.
Proposal 14: Per TRP closed-loop power control for PUSCH is supported by adding a second TPC field in DCI formats 0_1 / 0_2.

3.1. PUCCH Transmission with Multi-TRP
In the RAN1#103e and #104e meetings, we reached the following working assumptions [2][3]:
	Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.

Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.



From the LS reply from RAN4 [4], for FR1 a transient period of 10-15μs is required for beam switching, frequency hopping, and/or power change. As for FR2, a transient period of 5μs is required. Since the transient period is larger than the CP length, RAN4 mentions there can be performance degradation and leaves the decision of introducing a switching gap to RAN1. For both FR1 and FR2, a switching gap of one OFDM symbol is sufficient to accommodate the transient period.
In general, a switching gap can be beneficial for gNB’s implementation. In the following we assume normal CP for convenience. The same reasoning can be applied to the case of extended CP. For multi-TRP inter-slot repetition of PUCCH, by not using all 14 symbols in a slot we can naturally have a switching gap of one symbol and thus there is no specification impact. The same is true for intra-slot repetition of 7-symbol subslots. However, it may be too restrictive for intra-slot repetition of 2-symbol subslots. For 2-symbol subslots, it means we can only use one symbol per subslot. Instead, it is preferable to configure 2-symbol PUCCH resources. To do so, a switching gap of one sub-slot can be introduced. To summarize, we have the following two proposals:
Proposal 15: Confirm the working assumption on beam mapping patterns for Scheme 1 in PUCCH multi-TRP enhancement.
Proposal 16: Considering multi-TRP intra-slot repetition, for a 2-symbol PUCCH resource in 2-symbol subslots, a switching gap of one subslot can be configured between two subslots associated with different beams.

3.2. PUSCH Transmission with Multi-TRP
In the RAN1#103e meeting, we have the following agreement on beam mapping for PUSCH [2]:
	Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
Companies are encouraged to provide further simulation results to decide details.



From the LS reply from RAN4 [4], for FR1 a transient period of 10-15μs is required for beam switching, frequency hopping, and/or power change. As for FR2, a transient period of 5μs is required. Since the transient period is larger than the CP length, RAN4 mentions there can be performance degradation and leaves the decision of introducing a switching gap to RAN1. For both FR1 and FR2, a switching gap of one OFDM symbol is sufficient to accommodate the transient period.
In general, a switching gap can simplify gNB’s selection of MCS. In the following we assume normal CP for convenience. The same reasoning can be applied to the case of extended CP. For PUSCH repetition type A, it suffices that gNB configures up to 13 symbols and leave one symbol unused as guard period. Thus, no specification change is required for PUSCH repetition type A. As for PUSCH repetition type B, we may introduce an additional rule on top of the existing procedure of determining invalid symbols.
Proposal 17: Confirm the working assumption on beam mapping patterns for single DCI based M-TRP PUSCH repetition Type A and B.
Proposal 18: For PUSCH repetition Type B transmission, it can be configured that if two contiguous nominal repetitions are associated with different beams and from the existing procedure there is no invalid symbol in between, then the first symbol of the second nominal repetition is an invalid symbol.

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: For issue 1, use the second PDCCH candidate which ends later in time among the two linked PDCCH candidates in the time domain as a reference PDCCH candidate
[bookmark: _GoBack]Proposal 2: Regarding determination of PDSCH beam when TCI field is not present in DCI, use the TCI state or QCL assumption of a CORESET with lower ID. 
Proposal 3: Do not support PDCCH repetition for multi-DCI based M-TRP.
Proposal 4: S-TRP PDCCH repetition is already supported by configuring the same TCI state for two CORESETs associated with linked SS sets. If we want to introduce S-TRP PDCCH repetition by one CORESET, it is out of scope and should be discussed in URLLC AI.
Proposal 5: Support Option 4 because we don’t need to define any new BD number for M-TRP PDCCH repetition. It should be up to UE implementation. 
Proposal 6: For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set
· The pair of monitoring occasions shall not have any monitoring occasion of another pair from the linked SS sets in between.
Proposal 7: Both intra-slot and inter-slot TDM can be supported for different use cases.
Proposal 8: For PUCCH resource determination, support Option 2: The one with the lowest SS set ID is applied 
Proposal 9: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition. 
Proposal 10: Enhancement on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols is not further considered in R17 FeMIMO.
Proposal 11: R15/R16 frequency hopping schemes can be used with multi-TRP schemes without specification impact.
Proposal 12: The UE is not expected to be scheduled with two spatial relation info’s for the dedicated PUCCH resource with the lowest ID.
Proposal 13: Per TRP closed-loop power control for PUCCH is supported by adding a second TPC field in DCI formats 1_1 / 1_2.
Proposal 14: Per TRP closed-loop power control for PUSCH is supported by adding a second TPC field in DCI formats 0_1 / 0_2.
Proposal 15: Confirm the working assumption on beam mapping patterns for Scheme 1 in PUCCH multi-TRP enhancement.
Proposal 16: Considering multi-TRP intra-slot repetition, for a 2-symbol PUCCH resource in 2-symbol subslots, a switching gap of one subslot can be configured between two subslots associated with different beams.
Proposal 17: Confirm the working assumption on beam mapping patterns for single DCI based M-TRP PUSCH repetition Type A and B.
Proposal 18: For PUSCH repetition Type B transmission, it can be configured that if two contiguous nominal repetitions are associated with different beams and from the existing procedure there is no invalid symbol in between, then the first symbol of the second nominal repetition is an invalid symbol.
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