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1 Introduction

A new WI “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” [1] was approved in RAN#66 meeting. One objective is support of up to 32 component carriers for LTE Carrier Aggregation:
2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL.
In this paper, we analyse the possible RAN2 CP impacts due to the introduction of 32 CCs.

2 Discussion
2.1 Measurement requirements
Measurement can be used for both idle and RRC connection mobility, i.e. cell reselection, handover and carrier management.

Generally, the operators have limited licensed spectrum resource. When the UE supports the up to 32 carriers for LTE carrier aggregation, the typical case should be that some frequencies come from conventional licensed spectrums and other frequencies come from unlicensed spectrums.
If the operators want to use 32 CCs aggregation, the operators should have more than 32 candidate frequencies used for aggregation, therefore the eNB can select the better one among more than 32 candidate carriers. It means that higher inter-frequency measurement requirement may be needed if the network wants to configure the UE from single CC to 32 CCs. 
Observation 1: The Higher inter-frequency measurement requirement may be needed if the network wants to configure the UE from single CC to 32 CCs.
In Rel-12 IncMon, total layers including serving layer that UE can monitor has been increased up to 13. However compared with 32CCs, it may be still not sufficient.
There are some options for the network to configure the UE from single CC to 32 CCs quickly.
Option 1: Reuse current RAN4 measurement requirement
Currently, RAN4 defines the inter-frequency and inter-RAT measurement requirements. For intra-frequency measurement, RAN4 assume that the UE always supports all the intra-frequency measurements, i.e. the number of serving frequencies does impact the inter-frequency and inter-RAT measurement requirements. Here we assume that it is still applicable for up to 32 CCs. Then the network can use the UE intra-frequency capability. The network can select some carriers as inter-frequency measurement carrier based on current minimum measurement requirement, if the cell on this carrier is good enough during this period, the network can configure this inter-frequency as serving frequency, and then configures other frequencies as inter-frequency measurement. 

However, according to current RAN4 requirement, in the optimistic case the network can find good cell based on each inter-frequency measurement, the network still needs to try four times in order to configure up to 32 CCs. Long delay can be expected. 
Option 2: Grouping carriers measurement
The network can group some carriers if the coverage of these carriers is similar. And the network can only select one carrier in this group as inter-frequency measurement, if this selected carrier in this group is good enough, the network can add all CCs of the group to be serving cell for the UE. However, different CCs normally have different character and interference situation therefore it may be difficult to choose/use this grouping measurement.
Option 3: Increase the number of inter-frequency that the UE should measure.
If the network wants to configure the UE from single CC to 32 CCs quickly and precisely, the straight way is to increase the inter-frequency measurement capability. However it should be defined in RAN4.

Based on the discussion above, option 3 is the best choice, therefore we propose

Proposal 1: 
The number of inter-frequency that the UE should measure should be further increased due to 32 Carriers aggregation. 
2.2 UE CA capability signalling structure and category
In past meeting, RAN2 discussed the capability signalling size problem caused by CA capability. Companies realized that the UE capability size will be larger and larger if the supported band/band combination is increased. With the introduction of 32 CCs CA the signalling overhead will become very huge according to the current UE CA capability signalling structure. We should consider how to reduce UE capability size when we design the signalling for 32 CCs. 
As discussed in section 2.1, the increased carriers mostly come from unlicensed carriers and the unlicensed carriers usually are contiguous. We could consider:

· Not repeat “bandparameters” for intra-band non-contiguous case; 

· Limit the potential combinations and support fall back for more than 5 CCs case, i.e. if N carriers are supported, its subset, i.e. X (X < N) carriers should be supported in order to minimize the number of band combinations.

Proposal 2: 
RAN2 takes into account the methods mentioned above when design UE CA capability signalling. 
The aggregation of up to 32 CCs will reach a huge peak data throughput. The Max data throughput can be around 25Gbps. The introduction of multiple new UE categories can be foreseen. For example, Category-A is introduced for the case of 10 CCs; Category-B is introduced for the case of 20 CCs, and so on. However we may not need to introduce new category for every combination.
Proposal 3: 
Consider the granularity to define new UE categories for the support of up to 32 CCs.
2.3 Cell index
Two methods can be used to support CA up to 32CCs as mentioned in [3]. 
· method1: Simply extend the existing CA operation up to 32 CCs

· mehtod2: Introduce Cell Group concept
For method1, new MAC CEs for PHR, TA command and activation/deactivation need to be defined. 

For method2, MAC CE for TA command and activation/deactivation may not need to be extended if we adopt some restrictions. However we need to consider the relation between PUCCH group and cell group and other aspects. 
Considering method1 is straightforward and simple. We have a little preference to method1.
Proposal 4: extend the existing CA operation up to 32 CCs. 
2.4 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 STAGs by two MAC entities.

	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.

	eimta-ReConfigIndex-r12
	INTEGER (1..5)
	FFS
	Related to RAN1 discussion.


Table 1: Possible ASN.1 extension
Proposal 5: 
RAN2 to discuss the related ASN.1 extension based on the above table:

· 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;

· eimta-ReConfigIndex-r12 FFS;
3 Conclusion

In this paper, we analyse the possible RAN2 CP impacts due to the introduction of Carrier Aggregation of up to 32 CCs, and suggest:
Observation 1: The Higher inter-frequency measurement requirement may be needed if the network wants to configure the UE from single CC to 32 CCs.
Proposal 1: 
The number of inter-frequency that the UE should measure should be further increased due to 32 Carriers aggregation. 

Proposal 2: 
RAN2 takes into account the methods mentioned above when design UE CA capability signalling. 
Proposal 3: 
Consider the granularity to define new UE categories for the support of up to 32 CCs.
Proposal 4:       extend the existing CA operation up to 32 CCs. 

Proposal 5: 
RAN2 to discuss the related ASN.1 extension based on the above table:

· 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;

· eimta-ReConfigIndex-r12 FFS;
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