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1. Introduction
In the past RAN2 meetings, the definition of the PSCell in NR RRC have been updated as follows [1-3]:
Primary SCG Cell: For dual connectivity operation, the SCG cell in which the UE performs random access when performing the Reconfiguration with Sync procedure.
Accordingly, the SpCellConfig field of CellGroupConfig IE includes only ServCellIndex (i.e. not SCellIndex) in the latest version of NR RRC [3]. On the other hand, the PHR MAC CE for EN-DC is defined with the SCellIndex [4-5] and thus the Type X PH for PSCell cannot be reported with the current structure. In this contribution, we discuss the issue firstly for confirmation and provide possible ways to solve the issue.
Note: submit this to Stage3 CP because firstly the solution direction needs to be decided considering RRC

2. Discussion
2.1
Cell index configuration for PSCell
Unlike the LTE, where the PSCell is also configured with the SCellIndex and there is no issue in the Type X PH for PSCell, the NR PSCell is configured with the ServCellIndex [4]. Although there is one to one mapping from the SCellIndex to the ServCellIndex for SCells in NR like LTE, there is no corresponding SCellIndex assigned for the PSCell in EN-DC.
Observation 1: There is no mapping between the SCellIndex and the ServCellIndex for the PSCell in EN-DC.
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
–
CellGroupConfig
The CellGroupConfig IE is used to configure a master cell group (MCG) or secondary cell group (SCG). A cell group comprises of one MAC entity, a set of logical channels with associated RLC entities and of a primary cell (SpCell) and one or more secondary cells (SCells).
CellGroupConfig information element (only SpCellConfig)
-- Serving cell specific MAC and PHY parameters for a SpCell:

SpCellConfig ::=
SEQUENCE {


-- Serving cell ID of a PSCell (the PCell of the Master Cell Group uses ID = 0)


servCellIndex

ServCellIndex





OPTIONAL,
-- Cond SCG

-- Parameters for the synchronous reconfiguration to the target SpCell:


reconfigurationWithSync
ReconfigurationWithSync

OPTIONAL,
-- Cond ReconfWithSync


rlf-TimersAndConstants

SetupRelease { RLF-TimersAndConstants }

OPTIONAL,
-- Need M


rlmInSyncOutOfSyncThreshold

INTEGER (0..1)         OPTIONAL,
-- Need M


spCellConfigDedicated


ServingCellConfig

OPTIONAL,
-- Need M


...

}

<< omitted >>
–
SCellIndex

The IE SCellIndex concerns a short identity, used to identify an SCell.
<< omitted >>
–
ServCellIndex
The IE ServCellIndex concerns a short identity, used to identify a serving cell (i.e. the PCell or an SCell). Value 0 applies for the PCell, while the SCellIndex that has previously been assigned applies for SCells.
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
2.2
PHR MAC CE for EN-DC
So far, the PHR MAC CE and the SCell Activation/Deactivation MAC CE are using the SCellIndex in the MAC specification. Since the SCell Activation/Deactivation MAC CE is not relevant to the PSCell, we focus on the PHR MAC CE here.
In NR MAC [4], the PHR for EN-DC is reported by “Multiple Entry PHR MAC CE”. Although the Type X PHR for PSCell is not directly mentioned, it can be understood that the PSCell is also referred to as one of SCell(s) other than the PCell. However, there is no SCellIndex assigned to the PSCell. As a consequence, the Type X PHR for NR PSCell cannot be reported in EN-DC.
In LTE MAC [5], the PHR for LTE DC is reported by “Dual Connectivity PHR MAC CE”. Similarly to NR, the PSCell is referred to as one of Serving Cell(s) (but identified with SCellIndex) other than the PCell. There is no problem in reporting the Type X PHR for PSCell, because SCellIndex is assigned for the PSCell as well as other SCell. However, when it comes to the EN-DC, the same issue as for NR exists in LTE MAC.
Observation 2: There is no way to report the Type X PH for PSCell in EN-DC.

	6.1.3.9
Multiple Entry PHR MAC CE [4]
<< omitted >>
The PHR MAC CEs are defined as follows:

-
Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in TS 38.331 [5]. The Ci field set to "1" indicates that a PH field for the SCell with SCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the SCell with SCellIndex i is not reported;

<< omitted >>
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Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest SCellIndex of SCell with configured uplink is less than 8


	6.1.3.6b
Dual Connectivity Power Headroom Report MAC Control Element [5]
<< omitted >>
The Dual Connectivity PHR MAC Control Element is defined as follows:

-
Ci: this field indicates the presence of a PH field for the serving cell of any MAC entity, except the PCell, with SCellIndex i as specified in [8]. The Ci field set to "1" indicates that a PH field for the serving cell with SCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the serving cell with SCellIndex i is not reported;
<< omitted >>
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Figure 6.1.3.6b-1: Dual Connectivity PHR MAC Control Element


2.3
Solutions for Type X PSCell PH
As discussed above, the current specification cannot support the Type X PHR for PSCell in EN-DC. We consider there can be 3 alternatives to fix this problem:
· Alt.1: Assign SCellIndex to PSCell, either explicitly or implicitly (change in RRC)
· Alt.2: Use ServCellIndex instead of SCellIndex in Ci field of PHR MAC CE (change in MAC)
· Alt.3: Introduce new field of Type X PH for PSCell in PHR MAC CE (change in MAC)
In the Alt.1, the SCellIndex assignment to PSCell can solve the issue directly and easily. This can be performed by explicit signaling or implicit mapping from the signaled value of ServCellIndex by the UE. Even in the explicit approach, the network shall add SCellIndex field into the SpCellConfig with the same value as the ServCellIndex. Both approaches would work well, while the implicit approach will save the signaling and avoid the ASN.1 impact. Only one concern (or point for which we do not feel right) is to assign SCell index to PSCell which is not SCell any more by definition, whereas this may not be big problem.
In the Alt.2, there is an impact to the legacy LTE (i.e. LTE DC). However, as the ServCellIndex and SCellIndex actually have the same value, it is not so sure how big impact this would cause, especially in assuming no UE with LTE DC functionality in the market so far. Hence, there seems to be no real backward compatibility issue.
In the Alt.3, new field for the Type X PH for PSCell is introduced right after the Type X PH for PCell. For instance, 2 bytes consisting of “P+V+PH (Type X, PSCell or PUCCH SCell)” and “R+R+PCMAX,c 4” are always included after “P+V+PH (Type X, PCell)” and “R+R+PCMAX,c 3” in the Multiple Entry PHR MAC CE for NR. Similar 2 bytes are also always included in the Dual Connectivity PHR MAC CE for LTE. This would be also simple and clear solution, but there is backward compatibility issue to the legacy LTE DC. On the other hand, new MAC CE for EN-DC (MR-DC) should be introduced to avoid backward compatibility issue, while this requires new LCID value for UL-SCH in LTE.
We summarize the comparisons of alternatives in the table 1. Alt.2 has less impact and does not need to allocate SCellIndex to PSCell. Thus Alt.2 seems better than others. If change from SCellIndex to ServCellIndex in LTE side is considered inappropriate, then the Alt.1 (implicit) or the Alt.3 with new PHR MAC CE in LTE may be preferable. Based on discussions and observations, we propose to go for the Alt.2.
Proposal 1: RAN2 to agree that the PHR for EN-DC is based on ServCellIndex instead of SCellIndex.
Table 1. Comparisons of solution alternatives
	
	Alt.1 (implicit)
	Alt.2
	Alt.3

	
	Explicit
	Implicit
	
	Reuse LTE DC
	New LTE MAC CE

	ASN.1 impact
	Marginal
	No
	No
	No
	No

	MAC impact
	Marginal
	Marginal
	Marginal
	Medium
	Medium

	Backward compatibility issue (LTE DC)
	No
	No
	No?
(meaning of Ci field is changed, but value is the same)
	Yes
	No

	Preference
	++
	+++
	++++
	+
	++


2.4
Proposed changes for Alt.2
Given the Alt.2 is agreed, we propose to change related descriptions in NR RRC [3], NR MAC [4] and LTE MAC [5], respectively. For NR RRC, the proposed change is very simple and that is not only related to the PHR issue but also applicable in general according to the new PSCell definition. So, we propose to agree the Text Proposal to NR RRC below. For the MAC specifications, we submit the corresponding CRs [6-7] and propose to also agree with those CRs.
Proposal 2: RAN2 to agree with the Text Proposal to TS 38.331 to cover the PSCell by ServCellIndex.
* * * * *  Start of Text Proposal to TS 38.331 [3] * * * * *

–
ServCellIndex
The IE ServCellIndex concerns a short identity, used to identify a serving cell (i.e. the PCell, the PSCell or an SCell). Value 0 applies for the PCell, while the SCellIndex that has previously been assigned applies for SCells.

ServCellIndex information element

-- ASN1START

-- TAG-SERV-CELL-INDEX-START

ServCellIndex ::=




INTEGER (0..maxNrofServingCells-1)

-- TAG-SERV-CELL-INDEX-STOP

-- ASN1STOP
* * * * *  End of Text Proposal to TS 38.331 [3] * * * * *
3. Conclusion

In this contribution we discussed the issue on PHR for PSCell in EN-DC and made the following observations and proposals.
Observation 1: There is no mapping between the SCellIndex and the ServCellIndex for the PSCell in EN-DC.
Observation 2: There is no way to report the Type X PH for PSCell in EN-DC.
Proposal 1: RAN2 to agree that PHR for EN-DC is based on ServCellIndex instead of SCellIndex.
Proposal 2: RAN2 to agree with the Text Proposal to TS 38.331 to cover the PSCell by ServCellIndex in section 2.4.
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A1. Agreements in the past RAN2 meetings
Agreement in RAN2#AH1801 [1]:
	R2-1801665
Offline discussion PSCell/Scell terminology in NR
Ericsson

=>
PSCell is not defined to be an SCell.


Agreement in RAN2#101 [2]:
	R2-1804057 Definitions for PSCell/Pcell/SpCell (38331 RIL F008)

=>
Agreed


A2. Text Proposal for Alt.1 (implicit)
	* * * * *  Start of Text Proposal to TS 38.331 v15.1.0 * * * * *


6.3.2
Radio resource control information elements

<< omitted >>
–
SCellIndex

The IE SCellIndex concerns a short identity, used to identify an SCell. For PSCell, the ServCellIndex that has previously been assigned applied.
SCellIndex information element

-- ASN1START

-- TAG-SCELL-INDEX-START

-- The value range is shared across the Cell Groups 

SCellIndex ::=





INTEGER (1..31)

-- TAG-SCELL-INDEX-STOP

-- ASN1STOP
<< omitted >>
–
ServCellIndex
The IE ServCellIndex concerns a short identity, used to identify a serving cell (i.e. the PCell, the PSCell or an SCell). Value 0 applies for the PCell, while the SCellIndex that has previously been assigned applies for SCells.

ServCellIndex information element

-- ASN1START

-- TAG-SERV-CELL-INDEX-START

ServCellIndex ::=




INTEGER (0..maxNrofServingCells-1)

-- TAG-SERV-CELL-INDEX-STOP

-- ASN1STOP
	* * * * *  End of Text Proposal to TS 38.331 v15.1.0 * * * * *


A3. Text Proposal for Alt.2
	* * * * *  Start of Text Proposal to TS 38.331 v15.1.0 * * * * *


6.3.2
Radio resource control information elements

<< omitted >>
–
ServCellIndex
The IE ServCellIndex concerns a short identity, used to identify a serving cell (i.e. the PCell, the PSCell or an SCell). Value 0 applies for the PCell, while the SCellIndex that has previously been assigned applies for SCells.

ServCellIndex information element

-- ASN1START

-- TAG-SERV-CELL-INDEX-START

ServCellIndex ::=




INTEGER (0..maxNrofServingCells-1)

-- TAG-SERV-CELL-INDEX-STOP

-- ASN1STOP
	* * * * *  End of Text Proposal to TS 38.331 v15.1.0 * * * * *


	* * * * *  Start of Text Proposal to TS 38.321 v15.1.0  * * * * *


6.1.3.9
Multiple Entry PHR MAC CE

The Multiple Entry PHR MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2. It includes the bitmap, a Type 2 PH field and an octet containing the associated PCMAX,c field (if reported) for the PCell, a Type 2 PH field and an octet containing the associated PCMAX,c field (if reported) for either PSCell or PUCCH SCell, a Type 1 PH field and an octet containing the associated PCMAX,c field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type 1 PH fields and octets containing the associated PCMAX,c fields (if reported) for SCells indicated in the bitmap.

The presence of Type 2 PH field for PCell is configured by phr-Type2PCell, and the presence of Type 2 PH field for either PSCell or for PUCCH SCell is configured by phr-Type2OtherCell.

A single octet bitmap is used for indicating the presence of PH per Serving Cell when the highest ServCellIndex of Serving Cell with configured uplink is less than 8, otherwise four octets are used.

UE determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the downlink control information which has been received until and including the PDCCH occasion in which the first UL grant is received since a PHR has been triggered.

The PHR MAC CEs are defined as follows:

-
Ci: this field indicates the presence of a PH field for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. The Ci field set to "1" indicates that a PH field for the Serving Cell with ServCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the Serving Cell with ServCellIndex i is not reported;

-
R: reserved bit, set to "0";

-
V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. For Type 3 PH, V=0 indicates real transmission on SRS and V=1 indicates that an SRS reference format is used. Furthermore, for Type 1, Type 2, and Type 3 PH, V=0 indicates the presence of the octet containing the associated PCMAX,c field, and V=1 indicates that the octet containing the associated PCMAX,c field is omitted;

-
Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 (the corresponding measured values in dB for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dB for the LTE Serving Cell are specified in TS 36.133 [12]);

-
P: this field indicates whether the MAC entity applies power backoff due to power management. The MAC entity shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;

-
PCMAX,c: if present, this field indicates the PCMAX,c or P̃CMAX,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2 (the corresponding measured values in dB for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dB for the LTE Serving Cell are specified in TS 36.133 [12]).
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Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is less than 8
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Figure 6.1.3.9-2: Multiple Entry PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is equal to or higher than 8

	* * * * *  End of Text Proposal to TS 38.321 v15.1.0 * * * * *


	* * * * *  Start of Text Proposal to TS 36.321 v15.1.0  * * * * *


6.1.3.6b
Dual Connectivity Power Headroom Report MAC Control Element

The Dual Connectivity Power Headroom Report (PHR) MAC control element is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-2. It has a variable size and is defined in Figure 6.1.3.6b-1 and Figure 6.1.3.6b-2. One octet with Ci fields is used for indicating the presence of PH per serving cell when the highest ServCellIndex of serving cell with configured uplink is less than 8, otherwise four octets are used. When Type 2 PH is reported for the PCell, the octet containing the Type 2 PH field is included first after the octet(s) indicating the presence of PH per cell (PSCell and all SCells of all MAC entities) and followed by an octet containing the associated PCMAX,c field (if reported). Then after that, when Type 2 PH is reported for the PSCell, the octet containing the Type 2 PH field is included followed by an octet containing the associated PCMAX,c field (if reported). Then follows an octet with the Type 1 PH field and an octet with the associated PCMAX,c field (if reported), for the PCell. And then follows in ascending order based on the ServCellIndex [8] an octet with the Type x PH field, wherein x is equal to 3 when the ul-Configuration-r14 is configured for this serving cell, x is equal to 1 otherwise, and an octet with the associated PCMAX,c field (if reported), for all serving cells of all MAC entities indicated in the bitmap.

The Dual Connectivity PHR MAC Control Element is defined as follows:

-
Ci: this field indicates the presence of a PH field for the serving cell of any MAC entity, except the PCell, with ServCellIndex i as specified in [8]. The Ci field set to "1" indicates that a PH field for the serving cell with ServCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the serving cell with ServCellIndex i is not reported;

-
R: reserved bit, set to "0";

-
V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. For Type 3 PH, V=0 indicates real transmission on SRS and V=1 indicates that an SRS reference format is used. Furthermore, for Type 1 ,Type 2 and Type 3 PH, V=0 indicates the presence of the octet containing the associated PCMAX,c field, and V=1 indicates that the octet containing the associated PCMAX,c field is omitted;
-
Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.6-1 (the corresponding measured values in dB can be found in subclause 9.1.8.4 of [9]);
-
P: this field indicates whether power backoff due to power management is applied (as allowed by P-MPRc [10]). The MAC entity shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;
-
PCMAX,c: if present, this field indicates the PCMAX,c or 
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[2] used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.6a-1 (the corresponding measured values in dBm can be found in subclause 9.6.1 of [9]).
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Figure 6.1.3.6b-1: Dual Connectivity PHR MAC Control Element
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Figure 6.1.3.6b-2: Dual Connectivity PHR MAC Control Element supporting 32 serving cells with configured uplink

	* * * * *  End of Text Proposal to TS 36.321 v15.1.0 * * * * *
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