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1 Introduction

With the introduction of support up to 32 CCs, existing RRC design needs to be revisited in order to support the B5C feature. In last RAN1#80bis meeting, CIF is kept as 3 bits. It will impact RRC configuration in 32CCs case. In this paper, we will analysis the possible RRC issues and share our opinions.
2 Discussion

2.1 Cell index related issues
Currently, the signalling related to cell index, i.e. RRC messages, the CIF in DCI formats, the Activation/Deactivation MAC CE and Extended PHR MAC CE (also DC PHR MAC CE if DC is considered) support at most 7 SCells, cannot completely achieve their functions for up to 32 CCs and need to be reconsidered.

2.1.1 RRC messages
In the RRC messages, the cell index is used mainly for the procedure of SCell addition/ modification/ release. In order to support up to 32 CCs, there are two approaches to identity one SCell:

· Alt 1: extend the SCell index to 31;

· Alt 2: group ID + index in the group is used to identify one SCell;

Alt 1 is most straightforward and simple and is in line with the prior release. For Alt 2, it is FFS whether the group ID is necessary. Therefore, we suggest
Proposal 1:
Extend the SCell index to 31 in RRC messages.
2.1.2 Cross Scheduling
The 3-bits CIF is used to indicate which cell’s resource is allocated to the UE on the PDCCH. Currently, the CIF is equal to the cell index. With the B5C, when the number of configured SCells is more than 7, the cell with the index more than 7 cannot be cross-scheduled. Also RAN1 has reached the conclusion that the CIF is not extended and remains 3 bits even for the B5C. Considering above, the most straightforward and simple method is decoupling the CIF from cell index, i.e. configuring a 3-bits CIF value for each cross-scheduled/cross-scheduling cell regardless of cell index via RRC signalling. And only needs to ensure the configured CIF is unique within the range of the corresponding scheduling cell. For example:
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Figure-1: an example for CIF configuration via RRC

Proposal 2: 
Introduce one 3-bits CIF for each cross-scheduled/cross-scheduling cell in the cross-scheduling RRC configuration. The CIF value is unique in the range of the corresponding scheduling cell.

The corresponding ASN.1 change for CIF is shown as below:

PhysicalConfigDedicatedSCell-r10 ::=

SEQUENCE {

--omitted--

crossCarrierSchedulingConfig-r10
CrossCarrierSchedulingConfig-r10
OPTIONAL,
-- Need ON

--omitted--

...,

--omitted--

[[
crossCarrierSchedulingConfig-v13x0
CrossCarrierSchedulingConfig-v13x0
OPTIONAL,
-- Need 


]]
}
CrossCarrierSchedulingConfig-v13x0 ::=

SEQUENCE {


CIF-r13









INTEGER (0..7)
}

Considering the backward compatibility, if the CIF is not configured the cell index should be regarded as the CIF value. 
Proposal 3: 
If the CIF is not configured, the cell index is regarded as the CIF value. 

Since the CIF is used in physical layers, we suggest send one LS to RAN1 to inform RAN2’s solution.
Proposal 4: 
Send one LS to RAN1 to inform RAN2’s solution regarding the cross scheduling.
2.1.3 Activation/Deactivation and Extended PHR MAC CE

In the two MAC CEs, each bit of the bit map (C1-C7) is used to correspond to one cell index. The Ci corresponds to the SCell with SCellIndex i.
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Figure-2: Activation/Deactivation MAC control element
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Figure-3: Extended PHR MAC Control Element
The two MAC CEs take almost same problems. Therefore, 
Proposal 5: 
Unified solutions are adopted for the Activation/Deactivation and Extended PHR MAC CE.
In order to support more cells, all the possible methods are divided into two directions:
Direction 1: introduce the cell group concept and each SCell is configured into a cell group by RRC signalling

With the direction, each serving cell is divided into a cell group. There are the following methods:
· Option 1-1: group ID corresponding to the MAC CE is implicitly obtained, e.g. the group ID is the one of the cell where the MAC CE is received.
Each cell owns one index in the group. Each group includes at most 7 SCells. Each bit of the bit map in the MAC CE corresponds to the index in the group. When receiving an MAC CE, the receiver needs to identify in which serving cell the MAC CE is received, and then it knows the MAC CE is for the group of the serving cell. However, what is the relation between the group and PUCCH group? The solution is not applicable for Extended PHR because extended PHR needs to report all cells in one data packet. Moreover, if all the cells in a group are deactivated, new mechanism of re-activating the cells needs to be found.

· Option 1-2: introduce new MAC CEs with the group ID
New MAC CEs include the cell group ID to indicate which cell group the MAC CE corresponds to.
· Option 1-3: group-granularity 
At most 7 cell groups exist. Each cell group is allocated a unique group ID with the range 1-7. Each bit in the bit map corresponds to a group. The cells in one group are simultaneity, e.g. activated or deactivated.
Direction 2: not introduce the cell group concept

With the direction, there are the following methods:
· Option 2-1: introduce new MAC CE with the 31-bits bit map or variable bit map
· Option 2-2: send multiple MAC CEs within one MAC PDU to indicate up to 31 carriers
When receiving the multiple MAC CEs, UE will assume the first MAC CE is used for carrier 1~7, the second MAC CE is used for carrier 8~14 and etc.
Proposal 6: 
RAN2 to discuss whether to introduce the cell group concept in the RRC configuration, based on the above mentioned methods.
2.2 Other possible ASN.1 impacts
In this section, we list possible ASN.1 extension as below:

	IEs
	Current value
	Proposed value
	Remarks

	SCellIndex-r10
ServCellIndex-r10
	(1..7)
(0..7)
	(1..31)
(0..31)
	Each serving cell is allocated with one cell index. Current the value range of cell index is not sufficient. 

	maxSCell-r10
	4
	31
	The maximum number of SCells is 4 and needs to be extended.

	maxSTAG-r11
	3
	8
	To support up to 32CCs, 3 STAGs is not sufficient and need to be extended. DC UE has supported 8 TAG per UE by separated MAC entity.

	maxMeasId-r12
	64
	FFS
	For each serving frequency, generally A2 event needs to be configured. In the worst case this will consume at least 32 measurement IDs. Whether the remaining 32 measurement IDs is enough needs further investigation.

	maxObjectID
	32 
	64
	According to current specification, eNB shall configure one measurement object for each serving frequency. It means that in the worst case all the 32 measurement objects are consumed by serving frequencies. No measurement objects are left to non-serving frequencies. 

	maxReportConfigId 
	32 
	32(no change)
	For report configuration, different frequencies can use one same report configuration.

	maxServCell-r10 (MeasResultServFreqList-r10)
	5
	32
	UE needs to report the signal information of each serving cell in measurement report. 


	maxCellReport
	8
	8 (no change)
	In each measurement report, the maximum number of reported cells should remain unchanged.

	maxFreq (candidateCellInfoList-r10)
	8
	16
	At handover, source eNB may send a list of the best cells (candidate cells) on each frequency for which measurement information was available. Current 8 frequencies may be not sufficient.

	aperiodicCSI-Trigger-r10
(trigger1-r10)

(trigger2-r10)
	BIT STRING (SIZE (8))
	FFS
	Related to RAN1 discussion.


	CQI-ReportAperiodic-v12x0
(trigger1-SubframeSetIndicator-r12)

(trigger2-SubframeSetIndicator-r12)
	BIT STRING (SIZE (8))
	FFS
	Related to RAN1 discussion.


Table 1: Possible ASN.1 extension
Proposal 7: 
RAN2 to discuss the related ASN.1 extension based on the above Table 1:

· SCellIndex-r10 from 7 to 31;
· ServCellIndex-r10 from 7 to 31;
· maxSCell-r10 from 4 to 31;
· maxSTAG-r11 from 3 to 8;
· maxMeasId-r12 FFS;
· maxObjectID from 32 to 64;
· maxServCell-r10 from 5 to 32;
· maxFreq  from 8 to 16;
· aperiodicCSI-Trigger-r10 FFS;

· CQI-ReportAperiodic-v12x0 FFS;

3 Conclusion

In this paper, we try to analysis the possible RRC impacts due to the introduction of Carrier Aggregation of up to 32 CCs, and suggest:
Proposal 1:
Extend the SCell index to 31 in RRC messages.
Proposal 2: 
Introduce one 3-bits CIF for each cross-scheduled/cross-scheduling cell in the cross-scheduling RRC configuration. The CIF value is unique in the range of the corresponding scheduling cell.

Proposal 3: 
If the CIF is not configured, the cell index is regarded as the CIF value. 

Proposal 4: 
Send one LS to RAN1 to inform RAN2’s solution regarding the cross scheduling.
Proposal 5: 
Unified solutions are adopted for the Activation/Deactivation and Extended PHR MAC CE.
Proposal 6: 
 RAN2 to discuss whether to introduce the cell group concept in the RRC configuration, based on the above mentioned methods.
Proposal 7: 
RAN2 to discuss the related ASN.1 extension based on the above Table 1:

· SCellIndex-r10 from 7 to 31;
· ServCellIndex-r10 from 7 to 31;
· maxSCell-r10 from 4 to 31;
· maxSTAG-r11 from 3 to 8;
· maxMeasId-r12 FFS;
· maxObjectID from 32 to 64;
· maxServCell-r10 from 5 to 32;
· maxFreq  from 8 to 16;
· aperiodicCSI-Trigger-r10 FFS;

· CQI-ReportAperiodic-v12x0 FFS;
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