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1	Introduction
In the e-mail discussion [Post117-e][901][NR17] NR ASN1 review (Ericsson), the following RIL was added: 

	[RIL]: E057 [Delegate]: Ericsson (Jonas)  [WI]: Multi (CovEnh/71GHz) [Class]: 2 [Status]: ToDo [TDoc]: None [Proposed Conclusion]: 
[Description]: The current way CE parameters have been implemented are not very clean and can be done in a better way. 
[Proposed Change]: 
Add CE parameters numberOfRepetition and numberOfSlots-TBoMS under PUSCH-Allocation-r17 and make PUSCH-Allocation-r16 optional. Then we need to consider k2-r17 whether the condition should remain. 
[Comments]:



In this contribution we will discuss the problem and the possible ways forward.  
2 On RIL E057
In the current CR [1], the coverage enhancement parameters that are included in the TDRA table are numberofRepetitionsExt and numberofTBoMS.
PUSCH-TimeDomainResourceAllocation information element
-- ASN1START
-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START

. . .

PUSCH-TimeDomainResourceAllocationList-r16 ::=  SEQUENCE (SIZE(1..maxNrofUL-Allocations-r16)) OF PUSCH-TimeDomainResourceAllocation-r16

PUSCH-TimeDomainResourceAllocation-r16 ::=  SEQUENCE {
    k2-r16                                     INTEGER(0..32)          OPTIONAL,   -- Need S
    puschAllocationList-r16                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r16,
...
}

PUSCH-Allocation-r16 ::=  SEQUENCE {
    mappingType-r16			ENUMERATED {typeA, typeB} OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r16  INTEGER (0..127)        OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbol-r16           INTEGER (0..13)         OPTIONAL,   -- Cond RepTypeB
    length-r16                INTEGER (1..14)         OPTIONAL,   -- Cond RepTypeB
    numberOfRepetitions-r16   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,   -- Cond Format01-02
    ...,
    [[
    numberOfRepetitionsExt-r17  ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, 															  n24, n28, n32, spare4, spare3, spare2,spare1}                           									OPTIONAL,   -- Cond Format01-02-For-TypeA
    numberOfSlots-TBoMS-r17     ENUMERATED {n1, n2, n4, n8, spare4, spare3, spare2, spare1}   											OPTIONAL   -- Need M
    ]]

}

PUSCH-TimeDomainResourceAllocationList-r17 ::= SEQUENCE (SIZE(1..maxNrofUL-Allocations-r16)) OF PUSCH-TimeDomainResourceAllocation-r17

PUSCH-TimeDomainResourceAllocation-r17 ::=  SEQUENCE {
    pusch-AllocationList-r17                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r17,
    ...
}

PUSCH-Allocation-r17 ::=     SEQUENCE {
    k2-r17                     INTEGER (0..128) OPTIONAL,   -- Cond MultiPUSCH
    pusch-Allocation-r17       PUSCH-Allocation-r16
}

-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP

	Conditional Presence
	Explanation

	Format01-02
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16 and pusch-TimeDomainAllocationListForMultiPUSCH-r17, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1 and in pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present.

	Format01-02-For-TypeA
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1, the field is optionally present if pusch-RepTypeIndicatorDCI-0-1 is set to pusch-RepTypeA, Need R. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is optionally present if pusch-RepTypeIndicatorDCI-0-2 is set to pusch-RepTypeA, Need R. It is absent otherwise, Need R.

	NotFormat01-02-Or-TypeA
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16 and pusch-TimeDomainAllocationListForMultiPUSCH-r17, the field is mandatory present.
In pusch-TimeDomainAllocationListDCI-0-1, the field is optionally present if pusch-RepTypeIndicatorDCI-0-1 is set to pusch-RepTypeA, Need R. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is optionally present if pusch-RepTypeIndicatorDCI-0-2 is set to pusch-RepTypeA, Need R. It is absent otherwise, Need R.

	RepTypeB
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16 and pusch-TimeDomainAllocationListForMultiPUSCH-r17, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1, the field is optionally present if pusch-RepTypeIndicatorDCI-0-1 is set to pusch-RepTypeB, Need R. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is optionally present if pusch-RepTypeIndicatorDCI-0-2 is set to pusch-RepTypeB, Need R. It is absent otherwise, Need R.

	MultiPUSCH
	In pusch-TimeDomainAllocationListForMultiPUSCH-r17, the field k2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present. Otherwise, it is optionally present, Need S.



The problem with this type of implementation is that the CE parameters can only be present for DCI format 0_1 and 0_2 and for RepTypeB as seen from the needcodes NotFormat01-02-TypeA and RepTypeB. With the current conditional presence and needcodes, this means that in PUSCH-Allocation-r16, the parameters numberofRepetitions and mappingType and startSymbolAndLength will be present if DCI format 0_1 and 0_2 is present, which is the only case relevant for CE. In case of either configuring an extended amount of repetitions, or using TBoMS, the parameter numberofRepetitions is mandatory present. This already complicated signaling is further complicated by the conditional presence in case of extended number of repetitions or TBoMS. Furthermore, the use of the extension markers has a significant cost inside the list and since there are up to 64 values in the TDRA table, this cost is far from negligible. 
Observation 1 	Although the current implementation is correct, the current signaling for rel-17 coverage enhancements has complicated needcodes and conditional presence.  
Observation 2 	The use of extension markers within a list of up to 64 values has a significant overhead cost.  
71 GHz WI has introduced the possibility of configuring separate k2 values in the list of the TDRA table.  For this, Rel-17 versions of the TDRA table have been introduced. We think that it would be cleaner if this can be reused for coverage enhancement parameters. 
[bookmark: _Toc100815449]Rel-17 PUSCH TDRA tables should be used for coverage enhancement parameters instead of using legacy parameters.
The usage of Rel-17 PUSCH TDRA tables can be done in two ways. Either they are implemented in 1) PUSCH-Allocation-r17, or 2) it is implemented in PUSCH-TimeDomainResourceAllocation-r17. 
Option 1 – Implemented in PUSCH-Allocation-r17. 
As repetitions are not supported for multi-PUSCH, for this configuration to be valid, the pusch-AllocationList-r17 would have to be of length 1. The condition MultiPUSCH would still be valid as it is only applicable in case multi-PUSCH is configured. This would not bring a lot of benefits except for the extension markers in PUSCH-Allocation-r16 not being utilized. 

PUSCH-TimeDomainResourceAllocation information element
-- ASN1START
-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START

...

PUSCH-TimeDomainResourceAllocationList-r17 ::= SEQUENCE (SIZE(1..maxNrofUL-Allocations-r16)) OF PUSCH-TimeDomainResourceAllocation-r17

PUSCH-TimeDomainResourceAllocation-r17 ::=  SEQUENCE {
    pusch-AllocationList-r17                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r17,
    ...
}

PUSCH-Allocation-r17 ::=     SEQUENCE {
    k2-r17                     INTEGER (0..128) OPTIONAL,   -- Cond MultiPUSCH
    pusch-Allocation-r17       PUSCH-Allocation-r16, 
    numberOfRepetitions-r17  ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, 															  n24, n28, n32, spare4, spare3, spare2,spare1}                           									OPTIONAL,   -- Cond Format01-02-For-TypeA
    numberOfSlots-TBoMS-r17     ENUMERATED {n1, n2, n4, n8, spare4, spare3, spare2, spare1}   											OPTIONAL   -- Need R

}

-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP

Option 2 – Implemented in PUSCH-TimeDomainResourceAllocation-r17 
As mappingType and startSymbolAndLength needs to be present, it could be cleaner to define a new PUSCH-Allocation specifically for CE. This allows us to omit some of the more complicated conditions, making the specification easier to read and implement, which reduces risks of IODT issues.  
PUSCH-TimeDomainResourceAllocation information element
-- ASN1START
-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START

...

PUSCH-TimeDomainResourceAllocationList-r17 ::= SEQUENCE (SIZE(1..maxNrofUL-Allocations-r16)) OF PUSCH-TimeDomainResourceAllocation-r17

PUSCH-TimeDomainResourceAllocation-r17 ::=  SEQUENCE {
    pusch-AllocationList-r17                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r17 	OPTIONAL, -- Need R
	pusch-Allocation-CE-r17						PUSCH-Allocation-CE-r17		OPTIONAL, -- Need R
    ...
}

PUSCH-Allocation-r17 ::=     SEQUENCE {
    k2-r17                     INTEGER (0..128) OPTIONAL,   -- Cond MultiPUSCH
    pusch-Allocation-r17       PUSCH-Allocation-r16
}

PUSCH-Allocation-CE-r17 ::=     SEQUENCE {
    k2-r17                     INTEGER (0..128)			OPTIONAL, -- Need R
    mappingType-r17            ENUMERATED {typeA, typeB},
    startSymbolAndLength-r17   INTEGER (0..127),
    numberOfRepetitions-r17  ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, 															  n24, n28, n32, spare4, spare3, spare2,spare1}                           									OPTIONAL,   -- Need R
    numberOfSlots-TBoMS-r17     ENUMERATED {n1, n2, n4, n8, spare4, spare3, spare2, spare1}   											OPTIONAL   -- Need R
}


-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP

[bookmark: _Toc100815450]Coverage enhancement parameters are implemented through a new IE PUSCH-Allocation-CE. 
3 Conclusion
In the previous sections we made the following observations: 
Observation 1 	Although the current implementation is correct, the current signaling for rel-17 coverage enhancements has complicated needcodes and conditional presence.  
Observation 2 	The use of extension markers within a list of up to 64 values has a significant overhead cost.  
Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-17 PUSCH TDRA tables should be used for coverage enhancement parameters instead of using legacy parameters.
Proposal 2	Coverage enhancement parameters are implemented through a new IE PUSCH-Allocation-CE.
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