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1. INTRODUCTION
The work on the WID for Rel-17 eMIMO [1] kicked off in the RAN1 #102-e meeting. This AI studies the enhancements to physical channels other than PDSCH for multi-TRP operation as laid out in the WID:

	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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 previous meetings, discussion on PDCCH, PUCCH, and PUSCH enhancements continued, and as a result several agreements were reached [2], [3]. Last meeting was focused only on the uplink channels. In this contribution, we provide our views on the remaining open issues on PDCCH, PUCCH and PUSCH enhancements. 
 
2. PDCCH

Rel-17 PDCCH design
Based on the progress achieved so far, Figure 1 shows Rel-17 non-SFN PDCCH design where two TRPs send repetitions of the same PDCCH with different beams. Each repetition is associated with one TCI to enhance the spatial diversity of the PDCCH transmission. The repetitions are mapped in different CORESETs, and each CORESET has its own SS. This follows a similar design as Rel-16 where each CORESET and SS are configured with one TCI. According to Rel-17 enhancements, the two CORESETs are linked through SS set, therefore UE can determine which PDCCH candidates are sent as repetitions. The linkage is RRC configured and the two linked SSs have the same set type (i.e., USS or CSS). The two SS sets contain the same number of candidates and the same AL. Moreover, PDCCH candidates with the same index are linked together. The repetitions can be intra-slot multiplexed in either TDM, FDM, or combination of both as shown in Figure 1. 


[bookmark: _Ref67320801]Figure 1

Decoding assumptions and impact on BD
	For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability



In RAN1 #104b-e, there was a discussion on the number of candidate BD values with respect to PDCCH decoding with and without soft combining. It was agreed to support UE reporting the number of required BDs for two PDCCH candidates. Depending on the UE capability, UE can attempt to decode the PDCCH repetitions separately, or it can decode the soft combined repetitions. The soft combined candidates provide better BLER performance at the price of a higher UE complexity. 
A candidate value BD = 2 could indicate any of Assumption 1 (UE only decodes the combined candidate without decoding individual PDCCH candidates), Assumption 2 (UE decodes individual PDCCH candidates), or Assumption 3 (UE decodes the first PDCCH candidate and the combined candidate). However, a candidate value BD=3 is reported if Assumption 4 is supported (UE decodes each PDCCH candidate individually, and also decodes the combined candidate). 
In Figure 2, we provide simulation results comparing the PDCCH decoding probability of Assumption 3 and Assumption 4 for different aggregation levels (AL) in the presence of blockage. Detailed simulation assumptions are provided in the Appendix. Based on the presented results, for all Al values, assumption 4 performs slightly better than Assumption 3. Given the additional decoding complexity of Assumption 4, it’s sufficient to support Assumption 1-3 using 2 BD assumption. 
Observation 1: Assumption 3 provides similar performance to Assumption 4 at a reduced UE complexity. 

[image: ]
[bookmark: _Ref78981734]Figure 2 PDCCH blocking probability of assumption 3 and assumption 4

For the default behaviour, we think it depends on the UE’s capability to do soft combining. We believe that a single value for BD=2 is sufficient, however soft combining capability should be reported explicitly. As such, a UE, can operate either based on Assumption 2 or 3. Based on the UE’s reported capability, the UE may receive relevant RRC configuration parameters from which the UE can determine which Assumption to use for decoding. 
Observation 2: By supporting BD=2 and explicit indication of soft combining, UE can operate either based on Assumption 2 or 3. 

As for non-integer numbers of BDs, our understanding is that some companies suggest the non-integer numbers to reflect the difference in complexity between decoding with and without soft combining. We think adding more BD values complicates the specification and the non-integer values are more dependent on the UE receiver implementation which we should avoid reflecting in the specification. 
Observation 3: Non-integer candidate BD values complicate the specification. 
	 
Proposal 1: For the number of BDs, we make the following proposals: 
· Only a single value BD=2 should be supported,
· Soft-combining capability should be indicated explicitly, 

Reference PDCCH candidate in Type B repetitions 
	If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case



	In Type B repetitions, PDSCH transmissions are TDM’d on symbols that can be multiplexed over a slot boundary. The UE determines when to start the repetitions based on a time offset with respect to the PDCCH carrying the grant. In Rel-17 multi-TRP, when the PDCCH is sent with multiple repetitions, then the UE has two available time references from which to calculate the offset. It’s FFS which one of the PDCCH candidate should be used as a reference to calculate the time offset. Moreover, it was highlighted that Rel-15 imposes a restriction:

The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.
	
In Alt1, the candidate that starts later in time is used. This guarantees that the UE has had time to receive all PDCCH repetitions before it can start receiving the PDSCH and does not violate the timing restriction quoted above. It may add some latency if the number of repetitions is high. This alternative works with the same principle as the single TRP case because it ensures that all PDCCH repetitions are received before the PDSCH.
	In Alt2, the candidate that starts earlier in time is used. Some cases were highlighted during the last discussion where it may reduce latency. For example, if PDCCH repetition 1 is decoded first, and PDSCH repetition 1 is sent before PDCCH repetition 2, then a UE may be able to decode a PDSCH on its first repetition faster than having to wait for all PDCCH repetitions. However, the reference timing may cause issues at the UE because of beam switching times. The UE requires additional time to account for beam switching time between TRPs, and between the PDCCH to the PDSCH transmission. As studied in RAN4, the time gaps vary depending on whether the beam switch occurs inter- or intra-panel. So, it may be difficult for the network to estimate the correct time gap from the first candidate until PDSCH transmission. We don’t expect that this scheduling behaviour would be supported, and thus it is more straightforward to schedule the PDSCH after the second PDCCH candidate, and to use the second PDCCH candidate as the reference. 
Observation 4: Beam switching gaps affect the timing between PDCCH and PDSCH. 

Proposal 2: Support Alt1: The candidate that starts later in time. 

TCI fields in DCI for repeated PDCCH candidates 
	If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 



	The DCI may include a TCI field to indicate the downlink spatial filter used on the scheduled PDSCH. With PDCCH candidates repeated, then it is natural that both candidates have the same fields in the DCI which includes the TCI. If the TCI is not present, then in Rel-16 a default QCL assumption is used based on a reference CORESET with the lowest ID. In Rel-17, since there are two CORESETs used, then a default rule needs to be defined to determine the QCL amongst the two reference CORESETs. A default rule was agreed that the PDSCH QCL assumption is based on the CORESET with lowest ID amongst the first and second CORESETs. It’s FFS whether SDM/FDM/TDM PDSCH schemes can be supported without the TCI field.
	In Rel-16, the SDM/FDM/TDM scheme configurations depend on explicitly being configured with a TCI codepoint that points to two TCI fields. Thus, for Rel-17, we should follow the same rule and not allow SDM/FDM/TDM scheme configurations when there is no TCI field present in the DCI.
Proposal 3: Confirm the working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI. 

Proposal 4: SDM/FDM/TDM PDSCH schemes are disabled when the PDCCH does not contain a TCI field in the DCI.

Overlapping individual and linked PDCCH candidates 
	When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap



	In Rel-15, the candidate priority is based on the SS set ID, so that higher SS set ID have lower priority and may not be counted for monitoring if the UE reaches its counting limit. In that sense, Option 2 seems to follow existing behaviour, and the priority between linked or individual candidate can be achieved through the SS set configuration. This provides more flexibility than Option 1 where the individual candidates is always down prioritized. Option 3 is similar to Option 2 but the BD is counted separately for the linked candidates. We are fine with either Option 2 or Option 3. 
Observation 5: Existing rules prioritize candidates based on SS set ID.  

Proposal 5: Support Option 2 or Option 3. 

3. PUCCH

[bookmark: _Hlk71037871]TPC mapping to PUCCH

	Further study the enhancements needed on grouping of PUCCH resources for Rel-17 multi-TRP PUCCH repetition

Agreement
· To support per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2, a second TPC field can be configured via RRC.
· When the second field is configured by RRC, a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· Each TPC field is for each closed-loop index value respectively
· FFS: Whether or not the mapping between the TPC field and the PUCCH transmissions is needed
· When the second field is not configured by RRC, a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for the closed loop index(es) for the scheduled PUCCH
· To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
· FFS: any additional considerations
· Support UE to report the capability on whether it supports the second TPC field 
· Note1: Per TRP closed-loop power control is only applicable when the “closedLoopIndex” values are not the same for TRPs.



It’s agreed that a second SRI field and TPC field are optionally configurable in the DCI contingent on UE capability. This allows the UE to maintain two separate power control loops with per TRP closed loop adjustments that reflect the different transmission powers required towards two different TRPs with different pathloss. It’s FFS how the TPC commands received in the DCI are associated to a TRP. 
When the second SRI field is configured, the TPC field can be implicitly linked to a TRP through the SRI’s position in the DCI. For example, when the DCI has SRI1 in the first field, and SRI2 in the second field, then the UE determines that SRI1 and SRI2 are in different SRS resource sets for TRP1 and TRP2, respectively. Then, the ordering of TPC field may similarly be implicitly associated to a TRP such that TPC1 and TPC2 are associated to the SRS resource sets indicated through SRI1 and SRI2. The UE determines, based on the configured PUCCH repetition pattern, which PUCCH transmission goes towards which TRP on which time instant. The UE can apply the received TPC commands to the power control loop per SRS resource set where the two resource sets target two different TRPs. 

Observation 6: The SRI ordering in the DCI implicitly identifies the TRPs. 

Proposal 6: When the second SRI field is configured, the TPC field association to a TRP is determined based on the SRI ordering in the DCI. 


4. PUSCH

	For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP. Select one from the following in RAN1 #106-e meeting,
· Alt.1
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.



	If the UE is configured with one SRS resource per resource set, the UE doesn’t need to be indicated in the DCI which SRI to apply per TRP since there’s only one option each to choose from. Then each transmission of an SRI to a TRP is associated with its own power control loops. The UE is configured with open and closed loop power control parameters for each process. It remains FFS how the UE determines which parameters should be used as the default. 
	In Alt.1., the UE is configured with an SRI-Config IE which contains the configuration for each SRS resource. Power control parameters are linked to the sri-PUSCH-PowerControl for the respective SRS resource.
	In Alt.2., two sets of values are configured within the PUSCH-PowerControl IE and the UE determines which value to apply for each TRP based on an association between each set of values and an SRI.   

Proposal 7: Support Alt. 1. 

PHR reporting
	For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· [bookmark: _Hlk75338463]Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 

 For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.



	In Rel-16, a UE may trigger a PHR based on one or more conditions being satisfied. Such conditions may include at least one of: (i) expiry of a timer (e.g., a periodic timer), (ii) a PL value (e.g., for a cell or TRP) has changed by more than a threshold (e.g., since the last time a PHR was transmitted), (iii) a power backoff such as a power backoff due to power management (e.g., as allowed by P-MPR) has changed by more than a threshold, and/or (iv) a P-MPR (e.g., a measured P-MPR) such as a P-MPR applied to meet MPE requirements is or has changed to be equal to or larger than a threshold (e.g., since the last time PHR was transmitted). All of these conditions are affected by the pathloss that the UE measures towards a TRP. 
	In Rel-17, The DCI is enhanced such that the repetitions are sent with different spatial filters corresponding to the different TRPs. Each UE-TRP link has its own pathloss so the UE requires different transmission powers towards different TRPs. The DCI also indicates separate power control loop parameters per TRP. It remains FFS how the PHR procedure handles the multi-TRP case with respect to the triggering, number of PHRs reported, and how the PHRs are calculated.
	For Option 1, the UE only calculates one PHR associated with the first PUSCH repetition that carries the PHR MAC-CE. This option has low complexity because it only requires the UE to compute and calculate one PHR. If two PHRs are triggered simultaneously, then the UE cannot report both values. 
	For Option 2, the UE calculates two PHRs associated to both TRPs but only reports one. Compared to Option 1, this option doesn’t increase the UL reporting overhead while allowing the UE to choose which PHR to report. Then some criteria may need to be defined such that the UE may decide which PHR to report. For example, if both calculated power levels are similar (e.g. their difference is less than a threshold), then the UE may report a single value which may apply to both TRPs.

Observation 7: If two PHRs are similar, reporting one value may be sufficient to indicate power levels towards both TRPs. 

	For option 4, the UE calculates and reports two PHRs associated to both TRPs. Compared to Option 1 and 2, this adds more UL overhead but is more helpful to the network because it has full information on the power situation at the UE towards both TRPs. 
· Some enhancements to the triggering procedure are required to adapt it to multi-TRP. In Rel-16, the triggering is done regardless of whether pathloss reference signals changed between measurements. For example, for the pathloss based trigger, specification states that “The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between. The current pathloss reference for this purpose does not include any pathloss reference configured using pathlossReferenceRS-Pos in TS 38.331”. This is an issue in multi-TRP because the UE is transmitting on two different SRIs for a PUSCH. If the same logic is kept, then it’s likely the pathloss difference between TRPs will trigger a PHR whenever a UE switches SRI for transmission between the repetitions. This is not the intended behaviour. Instead, the PHR should be triggered per TRP or in other words per PL-RS where each PL-RS is associated to a PHR (e.g. SRS resource set). 

· Similarly, for the P-MPR/MPE trigger, the procedure may be modified to account for per TRP triggering. The difference in power change may be calculated based on the configured PL-RS corresponding to a TRP. 
· Also, it is important to mention that the single DCI contains the same grant for both TRPs thus real PHR should be calculated for both TRPs. 
· Both PHRs may be reported within the same MAC-CE extension. A multi-TRP MAC-CE may be defined where both PHRs are included with the same ordering as SRIs in the DCI to implicitly associate the PHR to a TRP. Then, to reduce overhead, a similar solution as Option 2 can be adopted. When the difference between two power levels is less than a threshold, then the UE reports a single PHR and the NW considers that the PHR applies to both TRPs. 

Proposal 8: Support Option 4 with the following enhancements:
· Modify the triggering procedure to measure pathloss/power factor changes per PL-RS
· Both PHRs are reported in a single multi-TRP MAC-CE instance. 
· Calculate two PHRs, and report one PHR if the difference between calculated PHRs is less than a threshold. 

5. CONCLUSIONS
This contribution discussed the uplink multi-TRP physical channel enhancements. Based on the presented discussion, we make the following observations and proposals:

Observation 1: Assumption 3 provides similar performance to Assumption 4 at a reduced UE complexity. 

Observation 2: By supporting BD=2 and explicit indication of soft combining, UE can operate either based on Assumption 2 or 3. 

Observation 3: Non-integer candidate BD values complicate the specification. 

Observation 4: Beam switching gaps affect the timing between PDCCH and PDSCH. 

Observation 5: Existing rules prioritize candidates based on SS set ID.  

Observation 6: The SRI ordering in the DCI implicitly identifies the TRPs. 

Observation 7: If two PHRs are similar, reporting one value may be sufficient to indicate power levels towards both TRPs.  


Proposal 1: For the number of BDs, we make the following proposals: 
· Only a single value BD=2 should be supported,
· Soft-combining capability should be indicated explicitly, 

Proposal 2: Support Alt1: The candidate that starts later in time. 

Proposal 3: Confirm the working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI. 

Proposal 4: SDM/FDM/TDM PDSCH schemes are disabled when the PDCCH does not contain a TCI field in the DCI.

Proposal 5: Support Option 2 or Option 3. 

Proposal 6: When the second SRI field is configured, the TPC field association to a TRP is determined based on the SRI ordering in the DCI. 

Proposal 7: Support Alt. 1. 

Proposal 8: Support Option 4 with the following enhancements:
· Modify the triggering procedure to measure pathloss/power factor changes per PL-RS
· Both PHRs are reported in a single multi-TRP MAC-CE instance. 
· Calculate two PHRs, and report one PHR if the difference between calculated PHRs is less than a threshold. 
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APPENDIX

	Parameters
	Values

	Channel model
	TDL-C, delay spread 300 ns

	Carrier frequency
	2.6 GHz

	Bandwidth
	10 MHz (15 kHz SCS)

	Antenna Config
	1 TX, {1,2, 4} RX

	AL
	4

	# of RBs/symbols
	24 RBs / 1 symbol per CORESET

	DCI payload
	36 bits

	CCE-to-REG mapping
	Non-interleaved

	Blockage
	Each link is blocked by 10 dB with 10% probability

	Precoding assumptions
	No precoding
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