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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#101bis meeting, the ambiguity on the CC bitmap length of EN-DC PHR MAC CE was discussed. But it seems that there is no common view on whether there is a problem. In this contribution, we will first give illustration of the problem, then analyze all the possible solutions, and finally give our preference based on the comparison of the solutions.
Discussion
[bookmark: _Ref513725100]Issue of the CC bitmap length ambiguity
The determinations of the CC bitmap length of LTE DC PHR MAC CE and NR Multiple Entry PHR MAC CE are listed below:
	TS36.321
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.

	TS38.321
A single octet 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.


It is obvious they are the same, all based on the highest SCellIndex[footnoteRef:1] of SCell with configured uplink. If it is less than 8, 1-octet CC bitmap is used; otherwise, 4-octet CC bitmap will be used. [1:  Although the SCellIndex is expected to be replaced by ServCellIndex following agreements in CP session reflected in “in principle agreed” CR [6], we use both terms interchangeably since it has no impact on the current discussion. ] 

Observation 1: The CC bitmap length in LTE DC PHR MAC CE and NR Multiple Entry PHR MAC CE are both determined based on the highest ScellIndex of SCell with configured uplink.

In NR EN-DC, the agreement on SCellIndex allocation for MN and SN was reached in RAN2#100 meeting, listed below:
	· 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.


And the related signaling in RRC (after updated index terminology by CP group1) is defined as below:
	TS38.331
servCellIndexRangeSCG			SEQUENCE {
		lowBound						ServCellIndex,
		upBound							ServCellIndex
	}																						OPTIONAL,   -- Cond SN-Addition


servCellIndexRangeSCG
Range of serving cell indices that SN is allowed to configure for SCG serving cells.


Regarding the serving cell index partitioning between SN and MN, some companies think that in case of EN-DC, network will always configure the servCellIndexRangeSCG to be at the end of [0 31] and with a lowest value equal or higher than 8. But in our understanding, it is too restrictive considering always more than 8 serving cells are allocated to MN. For example, if the load of MN is light, while the load of SN is high, UEs with large amount of DL data cannot really make use of all these serving cells on the lighted load MN, while they would need them on the SN side. This will impact the UE’s user experience and will reduce the system resource efficiency. In essence, EN-DC was designed to ease quick initial deployments of NR, re-using LTE RAN and EPC infrastructures as anchors, mainly for the C-plane. But such architecture should allow leveraging the full U-plane performance of NR rather than limiting it. In summary, we think such above limitation on the serving cell partitioning between MN and SN brings significant restriction on the EN-DC deployments. And finally, future NR-NR DC architectures will likely inherit from such restriction, which is not future-proof.
Observation 2: Serving cell index partitioning between MN and SN should be flexible, rather than hard-split.
Based on observation 2, if the serving cell index partitioning between MN and SN is flexible, there are two possible cases to configure the servCellIndexRangeSCG IE: 
· Case 1: the servCellIndexRangeSCG is at the end of 0~31, but its lowest value is less than 8.



                          
 Figure-1 Example 1 of servCellIndexRangeSCG

[bookmark: OLE_LINK16][bookmark: OLE_LINK17]One example is shown in the above Figure-1. In this case, the LTE MN does not know the highest ServCellIndex with configured uplink allocated by SN. Hence there will be ambiguity on the CC bitmap length of the DC PHR MAC CE received by MN.

· Case 2: the servCellIndexRangeSCG is in the middle of 0~31, e.g., from 4~16. 



Figure-2 Example 2 of servCellIndexRangeSCG

In this case, the ambiguity is more serious than Case 1:
· For MN, if it knows the highest ServCellIndex with configured uplink is configured by SN, the same CC bitmap length ambiguity issue as Case 1 exists for MN;
· For SN, it does not know which ServCellIndexs are allocated by MN. If the highest ServCellIndexwith configured uplink is configured by MN is equal or larger than 8 and the highest ServCellIndex with configured uplink allocated by MN is smaller than 8, ambiguity on the CC bitmap length of NR Multiple Entry PHR MAC CE also exists on the SN.
Observation 3: If the highest ServCellIndex with configured uplink is configured by SN, there will be ambiguity on CC bitmap length of DC PHR MAC CE received by MN.
Observation 4: If the highest ServCellIndex with configured uplink is configured by MN, there will be ambiguity on CC bitmap length of Multiple Entry PHR MAC CE received by SN.

Furthermore, considering the further extension to NR-NR DC, even if the highest ServCellIndex of SCell with configured uplink is configured by SN, there will be ambiguity on the CC bitmap length of NR Multiple Entry PHR MAC CE received by MN.
Observation 5: Considering the further extension of NR-NR DC, even if the highest ServCellIndexwith configured uplink is configured by SN, there will also be ambiguity on CC bitmap length of Multiple Entry PHR MAC CE received by MN.

Based on the above observations, it is obvious the ambiguity on CC bitmap length of EN-DC PHR MAC CE exists. 
Proposal 1: RAN2 confirms that the ambiguity on CC bitmap length for EN-DC PHR MAC CE exists.
Solutions and comparison
There are two possible solutions mentioned in last RAN2 meetings:
· Option 1: Always uses 4-octets CC bitmap for LTE DC PHR MAC CE and NR Multiple Entry PHR MAC CE if EN-DC is configured. [2]
· Option 2: For LTE MN, always uses 4-octets CC bitmap if EN-DC is configured; but for NR SN, two LCIDs can be introduced for Multiple Entry PHR MAC CE, one for 1-octet CC bitmap and another for 4-octets CC bitmap.[3]
For option 1, there are two methods to modify the specification:
· Option 1-1: Force the lowBound of servCellIndexRangeSCG to be equal or larger than 8 in RRC spec, hence always 4-octets CC bitmap will be used.
· Option 1-2: Modify in TS36.321 and TS38.321 that if EN-DC is configured, always 4-octets CC bitmap will be used.
As already discussed in Section 2.1, Option1-1 is too restrictive, and will limit the performance of EN-DC as well as being non-future-proof.
Comparing Option 1-2 and Option 2, the only difference is the CC bitmap length handling of NR Multiple Entry PHR MAC CE. Option 2 can reduce the NR Multiple Entry PHR MAC CE overhead. Considering this solution should not be seen as a temporary EN-DC “fix” but will likely also be re-used for NR-NR DC, we think Option 2 is more attractive and future-proof. We therefore conclude with the following proposals:
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 2: In case of EN-DC, for LTE MN, always use 4-octet CC bitmap in the DC PHR MAC CE.
Proposal 3: In case of EN-DC, for NR SN, two LCIDs should be introduced for Multiple Entry PHR MAC CE, one for 1-octet CC bitmap and one for 4-octet CC bitmap.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: RAN2 confirms that the ambiguity on CC bitmap length for EN-DC PHR MAC CE exists.
Proposal 2: In case of EN-DC, for LTE MN, always used 4-octet CC bitmap in the DC PHR MAC CE.
Proposal 3: In case of EN-DC, for NR SN, two LCIDs should be introduced for Multiple Entry PHR MAC CE, one for 1-octet CC bitmap and one for 4-octet CC bitmap.
The corresponding CRs for Proposal 1 and 2 are provided in [4][5].
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