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1. Introduction
At RAN#66, the Rel-13 CA enhancement WI was approved [1]. The objective consists of two main aspects, introduction of PUCCH on SCell for Rel-12 CA configurations and the enhancement for CA with more than 6CCs (as shown below). 
	2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]


In this document, we summarize the RAN2 specification impacts due to extension of CA up to 32CCs. 
2. RAN2 specification impacts due to extension of CA up to 32 CCs
 In this section, the RAN2 specification impacts are discussed from Stage2, CP and UP point of view. 
2.1. Stage2 impacts

1) Basic concept
When CA is extended to aggregate up to 32CCs, the question is whether the existing CA operation is simply extended or the additional concept needs to be introduced. As the conceptual alternatives, followings can be considered:
· Concept#1: Simply extend the existing CA operation up to 32 CCs

In the existing CA, each CC is identified and managed by the identity such as CellIndex and SCellIndex. This concept is straightforward to extend the number of CC by extending the field of index of RRC and MAC, e.g., defining new MAC CEs for activation/deactivation and extended PHR which has to more than 8 Ci fields.  

· Concept#2: Introduce Cell Group concept
With this concept, multiple CCs are grouped as a Cell Group likewise DC. The eNB/UE manages and indices within a CG under the framework of the existing CA principle, e.g., by limiting the number of CCs per CG. While the UE/eNB needs to have means to identify which CC of the CG receives a MAC CE from the eNB, the existing RRC/MAC procedure for CA such as the activation/deactivation command, the index and identity do not need to be extended. For instance, if the maximum number of CCs in a cell group is 5, most of the existing CA procedures can be reused within the CCs except for configuring the PUCCH cell group. If the maximum number is 8, the existing MAC CEs for activation/deactivation and extended PHR can almost be reused while the number of SCells/serving cells has to be extended for RRC.
Furthermore, it needs to be clarified how this cell group (called CA serving CG hereafter) can be configured in conjunction with the PUCCH cell group. Given that at least two PUCCH cell groups are configured for up to 32 CCs and more groups than two is FFS, the following approaches can be considered:
· One CA serving CG belongs to only one PUCCH cell group (e.g., Figure 1(a) or 1(b) if more than two PUCCH cell groups are supported).
· CA serving CG can belong to two PUCCH cell group and more if supported (e.g., Figure 1(c))
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Figure 1:

CA serving cell group together with PUCCH cell group

In the last RAN1 meeting, it was agreed to keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant). To support cross-carrier scheduling up to 32 CCs with the 3bit DCI, the cell group concept is required. However, this does not directly lead to introduce the Cell Group concept. In reality, it is questionable if all the 32 serving cells suffer from the interference with neighbours and so cross-carrier scheduling is required to mitigate the interference. Support up to 8 CCs would be sufficient in the real field. From our point of view, Concept#1 is preferable for the simplicity. RAN2 has already introduced many “groups” such as TAG, CG and PUCCH group even only for CA and the additional Cell Group concept may introduce the additional consideration and standardization effort, e.g. the relationship between the groups. Also, the additional overhead to extend the index is marginal in case of CA. Therefore, we would like to go with Concept#1. 
Proposal 1: RAN2 to employ Concept#1: Simply extend the existing CA operation up to 32 CCs
2) Increased blocking rate of C-RNTI allocation
In the existing CA, the aggregated cells use the same C-RNTI. However, as the number of the configured CCs is increased, allocating the same C-RNTI becomes harder. This is because when eNB tries to configure the SCell for the UE, the C-RNTI on that SCell may have been already allocated for the other UE. For example, if the connected UE’s per Cell is assumed as 1000 UEs, 2000 UEs and 3000UEs, the probability of the successful C-RNTI allocation across the configured CCs can be briefly calculated by (1 - p)^(n-1) where p is the probability where the same C-RNTI as assigned on PCell can be allocated in one SCell and n is the number of configured CCs. 
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Fig.1: Probability of successful C-RNTI allocation across CCs
From above, as the number of CCs and connected UEs per Cell increase, the probability of successful allocation of C-RNTI for all the aggregated CCs is decreased to around 20% in case of 3000UEs/Cell. Of course, the eNB may coordinate the C-RNTI between the serving cells which the eNB accommodates. Also, it is not still clear yet what C-RNTI handling of LAA is. Therefore, the C-RNTI collision problem should be studied when C-RNTI handling of LAA becomes clear. If RAN2 identifies it as a severe problem, the additional solution, such as multiple C-RNTIs for a UE needs to be introduced.
Proposal2: RAN2 is requested to discuss whether the C-RNTI collision problem should be addressed.

2.2. C-plane impacts

1) Extension of identity
As addressed in the previous subsection, if concept #1 is used, the related identities (CellIndex, SCellIndex) should be extended.  

Proposal3a: CellIndex, SCellIndex should be extended
W.r.t. TAG-ID, if RAN2 agrees to employ concept #2, the extension is not needed as well. On the other hand, if RAN2 uses concept #1, the extension may be needed. The question is how many TAGs will be supported in Rel-13. Especially, considering the assumption that many contiguous unlicensed CCs are aggregated, we think that TAG does not need to be extended up to 32. 
Proposal3b: RAN2 need to discuss how many TAGs should be supported.
2) Extension of measurement mechanism
For CA up to 32 CCs, NW may configure the SCell measurement on each SCC (e.g., Event A2 or Event A4/A6 together with A1) which may need more measId. However, in Rel-12, the number of measId was extended up to 64 which seems sufficient to cover 32 CCs (e.g., at least 2 measIds for each CC when 32CCs are configured). However, it is not clear yet how to measure the LAA band, thus RAN2 should discuss whether the extension is actually needed when the RRM measurement of LAA band becomes clear. 
Observation1: RAN2 discusses the need for the extension of measId after the RRM measurement of LAA band is clear
2.3. U-plane impacts

If concept #1 is adopted, according to the extension of identity, activation/deactivation MAC and extended PHR MAC CE need to be extended.
Proposal4a: Activation/Deactivation MAC CE and extended PHR MAC CE should be extended
Also, w.r.t. the TA command MAC CE, if more than 4TAGs are supported, it should be extended. This may be applicable for both concepts. For concept #1, when UE supports 5 bands, the extension is needed. Also, for concept #2, if UE supports 5 bands in one group, the extension is anyway needed.
Proposal4b: If RAN2 agrees to support more than 4 TAGs (within the group), TA command MAC CE should be extended.
3. Summary and Conclusion

In this contribution, we addressed the RAN2 impacts due to extension of CA, and followings are proposed:
Proposal 1: RAN2 to employ Concept#1: Simply extend the existing CA operation up to 32 CCs
Proposal2: RAN2 is requested to discuss whether the C-RNTI collision problem should be addressed.

Proposal3a: CellIndex, SCellIndex should be extended
Proposal3b: RAN2 need to discuss how many TAGs should be supported.

Proposal4a: Activation/Deactivation MAC CE and extended PHR MAC CE should be extended
Proposal4b: If RAN2 agrees to support more than 4 TAGs (within the group), TA command MAC CE should be extended.
Observation1: RAN2 discusses the need for the extension of measId after the RRM measurement of LAA band is clear
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