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1. Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [1] was approved in RAN #66. One of the objectives of the work item is to identify necessary mechanisms to enable the LTE CA of up to 32 CCs for the DL and UL. This contribution intends to discuss the potential impact on RAN2 specifications to achieve this design target. 
2. Discussion
In this section, we go systematically through the CA framework and CA operation in order to identify the potential impacts on RAN2 specifications due to enabling LTE CA up to 32 CCs.
2.1 RRM measurement
One parameter related to RRM measurement in CA is the maximum number of measurement object IDs maxObjectId, which is defined as 32 ([1], section 6.4). 
In principle, a single measurement object is configured per frequency carrier. Considering up to 32 CCs in Rel-13 CA, theoretically the number of measurement object IDs may need to be increased to a larger value (e.g. 64) if we consider to support measurement in non-serving frequencies. On the other hand, the existing maximum value maybe still sufficient if we consider some optimization in RRM measurement for up to 32 CCs. For example, when multiple CCs are located in the same band, eNB can derive the channel quality of one CC from a measurement report on another CC in the same frequency band because the propagation loss is likely similar. It enables the eNB to add SCell without receiving measurement reporting on the corresponding CC. From our perspective, although up to 32 CCs are supported, it is not a practical scenario that 32 CCs are located in different bands. In this case, all 32 CCs may not need to be configured as measurement object and thus the required measurement object IDs can be reduced and current value is enough.
We can leave it to eNB implementation whether the UE needs to measure a certain CC to be added as a serving cell. However, current specification mandates the eNB to configure a measObject for each serving frequency. Therefore, if we keep this eNB requirement for up to 32 CCs, it is inevitable to configure 32 measurement objects for 32 serving frequencies. And consequently, RAN2 may need to increase the number of measurement objects more than 32. 

	5.5.2.1
General

E-UTRAN applies the procedure as follows:

-
to ensure that, whenever the UE has a measConfig, it includes a measObject for each serving frequency; 


Proposal 1: RAN2 to discuss whether it is possible not to configure a serving frequency for measurement.
Proposal 2: If all serving frequencies should be configured for measurement, RAN2 to discuss whether the maximum number of measurement objects needs to be increased to accommodate more number of frequency carriers.  

Additional aspect to be discussed is whether some enhancements need to be considered for measurement gap for CA up to 32 CCs. 
In current LTE, a single measurement gap pattern with a constant gap duration (i.e. 6ms) is configured by eNB and applied to all serving cells for simplicity, although a single RF chain is required to measure a certain frequency carrier. RRM measurement without gap can bring up to 15% throughput gain (assuming 40ms MGRP) so that it is an attractive feature to enhance measurement gap especially in case of CA with a large number of CCs. One potential solution would be that measurement gap is applied to only relevant serving cells (i.e. to the serving cells operating on the RF chain measuring the concerned frequency). However, it is assumed that RF architecture is UE implementation and not visible to eNB. Some enhancements can be considered to address the challenges of existing measurement gap mechanism.

Proposal 3: RAN2 to discuss on the feasibility of enhancing measurement gap framework for supporting CA up to 32 CCs.  
2.2 UE capability 

If UE supports up to 32 CCs, main impact in UE capability is band combination signaling because the increased number of carriers naturally results in the increased number of supportable band combinations. However, the level of increase highly depends on how many different frequency bands are considered for CA with up to 32 CCs. In case of intra-band contiguous CA or intra-band non-contiguous CA, the number of CCs would linearly increase the number of band combinations, while inter-band CA, the number of bands exponentially increases the number of band combinations because all different combinations should be considered. In Rel-11 CA, the functionality of “Network-requested CA band combination signalling” was introduced by which the RAN can request UE capabilities for a subset of the supported bands and band combinations to avoid that UEs capable of many band combinations report very large size of UE capability signaling. Furthermore, the maximum number of band combinations is also increased as 384 (including both legacy and extended band combinations). However, if the number of frequency bands is increased beyond 5 bands and up to 32 bands, the current band combination signaling will not be sufficient to accommodate even with the Network-requested CA band combination. We understand that RAN4 will study about potential frequency bands across which 32 CCs are aggregated. Therefore, RAN2 needs to wait until RAN4 provides input on the maximum number of frequency bands for CA with up to 32 CCs. 
Proposal 4: RAN2 to wait for RAN4 input on the maximum number of frequeny bands for CA with up to 32 CCs in order to discuss enhancements for band combination signalling. 
2.3 Serving cells Indexing
Currently, the IE SCellIndex and ServCellIndex is used to identify a SCell and a serving cell (i.e. the PCell or a SCell) for the procedure of addition/ modification/ release and activation/deactivation of SCell(s). In addition, ServCellIndex is used as 3-bit carrier indicator field (CIF) in DCI formats if the UE is configured with cross-carrier scheduling. These IEs can indicate up to 7 SCells and up to 8 serving cells in the current specification [1]. 
	SCellIndex-r10 ::=





INTEGER (1..7)
ServCellIndex-r10 ::=




INTEGER (0..7)


For CA up to 32 CCs, the serving cell indexing value become insufficient. 
A most straightforward option to address this issue is to extend the range of SCellIndex and ServCellIndex values in accordance with the increased CC numbers (i.e. 32). Additionally, modification on the related MAC CEs, including Activation/Deactivation and extended PHR MAC CE, is likely needed. It is simple approach but adding more bits in MAC CEs to extend cell index should increase signaling overhead. Furthermore, extending the range of SerCellIndex may result in increasing the number of carrier indicator field (CIF) bits to 5 bits in DCI format in case of cross-carrier scheduling. RAN1 has been discussing the impact in DCI performance due to the increased SerCellIndex. Several concerns on 5 bits CIF field have been raised in last RAN1 meeting, including impacts on false detection rate of DCI formats and the scenario in practice to utilize a single scheduling cell for up to 31 SCell with cross-carrier scheduling. Further inputs from RAN1 about the CIF design might be required before RAN2 conclude on the extension of serving cell index for up to 32 CCs.  
Proposal 5:RAN2 to discuss the feasibility of extension of SCellIndex and ServCellIndex values range to 32 for up to 32 CCs taking the potential impacts on RAN1 into account. 
2.4 TAG management

In Rel.11, multiple timing advance groups have been introduced in order to enable UL CA operation for deployments with different cell locations (resulting in varying UL timing advance for the different SCells) e.g. CA scenario 4 and 5. 4 TAGs can be supported in Rel-11 CA. The number of component carriers itself is not having an effect on the number of timing advance groups – this will be given by the number of different geographical locations we assume the UL cells to be located in. Therefore, enhancements in the number of timing advance groups are not necessarily needed from this point of view.
Observation 1: The currently available number of TAGs seems to be sufficient. 
2.5 C-RNTI

Supporting of CA with up to 32 CCs raises one question: should the UE-Identity or CRNTI be common or totally independent? With a single MAC entity under one eNB in CA, we do not see a strong motivation of having multiple C-RNTI for a given UE due to increased CCs number in Rel-13. Our preference would be to reuse the existing simple procedure for C-RNTI allocation in Rel-13 CA. 

Proposal 6: RAN2 to agree to reuse one common C-RNTI across CCs in Rel-13 CA. 

2.6 RLC impacts 
Support CA with up to 32 CCs increases the rate of RLC PDUs and also RLC SNs. Thus, the need of extending RLC SN space due to increased number of CCs should be evaluated. Without RLC SN space extension, the number of possible HARQ retransmissions would need to be reduced to avoid running out of RLC sequence numbers and RLC stalling. 
In RLC specification, the RLC sequence number field is 10 bits and has thus 1024 values. This allows the RLC AM transmitter to generate and transmit up to 511 RLC PDUs before receiving the accumulative status message. For UE configured with 32 CCs, 64 RLC PDUs per subframe may be required assuming one RLC PDU per LCH and TB and two TBs per CC. RLC sequence number space is occupied in 511/64 = 7ms, which means that we can keep on sending only for ~1 HARQ RTTs before running out of RLC sequence numbers. 
Using an RLC RTT that is shorter than 20ms is not expected in a normal case, because for the optimal usage of the MAC protocol there must be some time available to perform HARQ retransmissions, and any HARQ retransmissions should ideally be performed before any RLC retransmission attempts. Consequently, this limitation of SN field may cause a decrease in maximum achievable throughput. There might be a risk that RLC layer become bottleneck to achieve the aimed object of Rel-13 CA.

Based on the above analysis, it seems that it is feasible to support CA with up to 32 CC by extending the RLC SN fields e.g. with a length of 12 bits, in order to leave the space for HARQ retransmission conducted by MAC protocol and eliminate the risk of RLC stalling.
Proposal 7: RAN2 to agree to extend RLC SN size to support for CA up to 32 CCs. 

3. Conclusion
In this contribution, we have discussed some possible impacts on higher layer to enable the LTE CA of up to 32 CCs and made the following observation and proposals: 

Observation 1: The currently available number of TAGs seems to be sufficient. 

Proposal 1: RAN2 to discuss whether it is possible not to configure a serving frequency for measurement.
Proposal 2: If all serving frequencies should be configured for measurement, RAN2 to discuss whether the maximum number of measurement objects needs to be increased to accommodate more number of frequency carriers.  

Proposal 3: RAN2 to discuss on the feasibility of enhancing measurement gap framework for supporting CA up to 32 CCs 
Proposal 4: RAN2 to wait for RAN4 input on the maximum number of frequent bands for CA with up to 32 CCs in order to discuss enhancements for band combination signalling. 

Proposal 5:RAN2 to discuss the feasibility of extension of SCellIndex and ServCellIndex values range to 32 for up to 32 CCs taking the potential impacts on RAN1 into account. 
Proposal 6: RAN2 to agree to reuse one common C-RNTI across CCs in Rel-13 CA. 

Proposal 7: RAN2 to agree to extend RLC SN size to support for CA up to 32 CCs. 
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