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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the last RAN2 meeting, the PHR MAC CE for EN-DC has been discussed based on [1] and it was concluded that there is no need to clarify further the UE behavior in the MAC specification. But we think the current MAC specification is still unclear for EN-DC case. In this contribution, we will further discuss this issue.
Discussion
Rules for UE determining the CC bitmap length in PHR MAC CE for EN-DC
In previous RAN2 meetings, many agreements were reached related to the PHR MAC CE, listed below:
	Agreements on RAN2#99bis UP session
· One octet of bitmap is used for indicating the presence of PH per SCell when the highest ScellIndex of Scell with configured uplink is less than 8. Otherwise four octets are used.  Editor’s note “it depends on whether we support 32 carriers”
· For EN-DC the assumption is that the cell index space is shared between LTE and NR.  [CB for CP]

	Agreements on RAN2#100 CP session
· SCellIndex is unique in the UE (i.e. across NR and LTE SCells)
· Each node allocates SCellIndex for its own cells (from a set of SCellIndices available to that node) without involvement of the other node at the time of allocation of the SCell
· MN decides the SCellIndex range available for MN and SN, and informs the SN range to the SN. This is a per UE configuration.
· The MN provides the SN the range of SCellIndex to be used by signalling a start value and a stop value if the range. 32 SCellIndex range is used between the MN and the SN. The UE uses “Dual Connectivity PHR MAC Control Element supporting 32 serving cells with configured uplink” for PH reporting.


In our understanding, the agreements made on RAN2#99bis UP session do not take the EN-DC case into account. It is just for NR. If we directly apply it to EN-DC case, the length of CC bitmap in the Multiple Entry PHR MAC CE will depend on the highest SCellIndex of SCell with configured uplink. But now referring to the above CP agreement, clearly the highest SCellIndex of SCell with configured uplink can be different from the maximum SCellIndex value of the SCellIndex range allocated by MN. And it could also be viewed as contradicting the other CP agreement that the UE uses “Dual Connectivity PHR MAC Control Element supporting 32 serving cells with configured uplink”.
Observation 1: It is clear that the highest SCellIndex of SCell with configured uplink can be different from the maximum SCellIndex value of the SCellIndex range allocated by MN.
Hence we need to further check how to understand the agreement reached on RAN2#100 CP session. There are two possible interpretations:
· Alt 1: The agreement made on RAN2#100 CP session overrides the agreement made on RAN2#99bis UP session. That is to say for EN-DC, no matter for MN or SN, UE always uses 4 octets CC bitmap in the Multiple Entry PHR MAC CE.
· Alt 2: Since, strictly speaking, NR MAC no longer supports a “Dual Connectivity PHR MAC Control Element”, the agreement made on RAN2#100 CP session is only applicable for LTE MN, and the agreement made on RAN2#99bis UP session applies to NR SN.
The above CP agreement “The MN provides the SN the range of SCellIndex to be used by signaling a start value and a stop value if the range” is currently captured in RRC specification by the I.E. servCellIndexRangeSCG of the SCG-ConfigInfo message as follows:
ConfigRestrictInfoSCG ::=        SEQUENCE {
    allowedBandCombinationListMRDC              BandCombinationIndexList                       OPTIONAL,
    allowedBasebandCombinationListMRDC      SEQUENCE OF INTEGER              OPTIONAL,
    -- FFS Signalling details of BC and BPC restrictions to be observed by SgNB
    -- FFS Signalling details regarding power coordination
    p-maxFR1                 P-Max                                           OPTIONAL,
    servCellIndexRangeSCG            SEQUENCE {
       lowBound                         ServCellIndex,
       upBound                          ServCellIndex
    },
    maxMeasFreqsSCG-NR               INTEGER                      OPTIONAL,
    ...
}
[…]
	servCellIndexRangeSCG
Range of indices that SN is allowed to use for SCG serving cells.


In the following, we give two examples of above the configuration usage to illustrate the difference of the above two alternatives. Assuming UE1 is configured with EN-DC, the SCellIndex range of MeNB is [1, 5] and the SCellIndex range of SeNB is [lowBound=6, upBound=32].  And currently, the maximum SCellIndex with configured uplink by SN is 6. The PHR MAC CE formats for these two options are shown in the following Figure:



Figure -1 Illustration of different understandings on the agreement of RAN2#100 CP session

Comparing the two alternatives, restricting the agreement made on RAN2#100 CP session to LTE MN can minimize the impact on LTE specification. However it might be restrictive to impose it on the NR side as well considering the PHR MAC CE overhead. Hence we prefer Alt2. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1: Suggest RAN2 to confirm the following rule for UE to determine the length of CC bitmap in PHR MAC CE for EN-DC:
· For LTE MN, UE always uses Dual Connectivity PHR MAC Control Element supporting 32 serving cells with configured uplink for PH reporting.
· For NR SN, UE uses Multiple Entry PHR MAC CE for PH reporting and the length of CC bitmap in the PHR MAC CE depends on the highest SCellIndex of SCell with configured uplink.  
Handling of multiple PHR MAC CE for NR SN
If Proposal 1 is agreed, it is obvious the length of CC bitmap in the Multiple Entry PHR MAC CE for NR SN will be flexible. It depends on the highest SCellIndex of SCell with configured uplink. If it is less than 8, one octet will be used; otherwise four octets are used.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The agreement made on RAN2#100 CP session states that for EN-DC, MN decides the SCellIndex range available for MN and SN and informs the SN range to the SN. If the minimum SCellIndex value of the SCellIndex range of NR SN (namely lowBound) can be assumed to always be larger than the maximum SCellIndex value of the SCellIndex range of LTE MN, then the NR SN can determine the CC bitmap based on knowledge of its own SCell(s) with configured uplink. No enhancement on MAC is needed.
Observation 1: In EN-DC, if we restrict the minimum SCellIndex value of the SCellIndex range of NR SN (namely lowBound) to be always larger than the maximum SCellIndex value of the SCellIndex range of LTE MN, then NR SN can determine the CC bitmap length in Multiple Entry PHR MAC CE without any enhancement.
But this restriction is not assumed so far and it is not precluded by the above RRC configuration of the SN SCellIndex range with servCellIndexRangeSCG that MN configures SN with e.g. cell index range [lowBound=6, upBound=20] leaving the possibility for MN to configure its own cells with cell indexes picked from [21, 32] range. Furthermore, considering the further extension of NR-NR DC, both MN and SN will need to determine the length of CC bitmap once it receives the Multiple Entry PHR MAC CE. But if we stick to the rule that each node allocates SCellIndex for its own cells (from a set of SCellIndices available to that node) without involvement of the other node at the time of allocation of the SCell, the node with small SCellIndex range will not know the highest SCellIndex configured for UE. Hence it cannot determine which CC bitmap length will be used by UE in the Multiple Entry PHR MAC CE. In order to solve this issue, three options can be considered:
· Option1: Blind decoding.
· Option 2: MN and SN exchange the configured maximum cell index for each UE working under EN-DC.
· Option 3: Introduce two LCIDs for Multiple Entry PHR MAC CE, one is used for Multiple Entry PHR MAC CE with 1-byte CC bitmap; and another is used for Multiple Entry PHR MAC CE with 4-byte PHR MAC CE.
For Option 1, blind decoding will increase the network implementation complexity. Option 2 clearly defeats the purpose of  the agreement made on RAN2#100 meeting that each node allocates SCellIndex for its own cells (from a set of SCellIndices available to that node) without involvement of the other node at the time of allocation of the SCell. Hence Option 3 is the simplest, most future-proof, and the specification effort is acceptable.

Thus, it is suggest to introduce two LCIDs for the Multiple Entry PHR MAC CE, one for 1 octet CC bitmap and one for 4 octets CC bitmap.

Proposal 2: Two LCIDs should be introduced for Multiple Entry PHR MAC CE, one for 1 octet CC bitmap and one for 4 octets CC bitmap.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Suggest RAN2 to confirm the following rule for UE to determine the length of CC bitmap in PHR MAC CE for EN-DC:
· For LTE MN, UE always uses Dual Connectivity PHR MAC Control Element supporting 32 serving cells with configured uplink for PH reporting.
· For NR SN, UE uses Multiple Entry PHR MAC CE for PH reporting and the length of CC bitmap in the PHR MAC CE depends on the highest SCellIndex of SCell with configured uplink.  
Proposal 2: Two LCIDs should be introduced for Multiple Entry PHR MAC CE, one for 1 octet CC bitmap and one for 4 octets CC bitmap.
The corresponding TPs for Proposal 1 and 2 are attached at the end of the document.
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[bookmark: _Toc494136360]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 SCell when the highest SCellIndex of SCell with configured uplink is less than 8, otherwise four octets are used. For EN-DC, always 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 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;
-	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 [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]).


Figure 6.1.3.6b-1: Dual Connectivity PHR MAC Control Element


Figure 6.1.3.6b-2: Dual Connectivity PHR MAC Control Element supporting 32 serving cells with configured uplink

--------------------------------------- TP for Proposal 2-------------------------------------------------
TS 38.321
[bookmark: _Toc502437852]6.2.1	MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits;
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-	R: Reserved bit, set to zero.
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	000000
	CCCH

	000001–100000
	Identity of the logical channel

	100001–110111
	Reserved

	111000
	Duplication Activation/Deactivation

	111001
	SCell Activation/Deactivation (4 octet)

	111010
	SCell Activation/Deactivation (1 octet)

	111011
	Long DRX Command

	111100
	DRX Command

	111101
	Timing Advance Command

	111110
	UE Contention Resolution Identity

	111111
	Padding



Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	000000
	CCCH

	000001–100000
	Identity of the logical channel

	100001–1101101
	Reserved

	1101101
	Configured Grant Confirmation

	110111
	Multiple Entry PHR with one octet bitmap

	111000
	Multiple Entry PHR with four octets bitmap

	111001
	Single Entry PHR

	111010
	C-RNTI

	111011
	Short Truncated BSR

	111100
	Long Truncated BSR

	111101
	Short BSR

	111110
	Long BSR

	111111
	Padding
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