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1 Introduction
The work item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [1] proposes to extend current carrier aggregation functionality and support up to 32 serving cells. Main motivation behind this work item is the possibility to exploit new spectrum opportunities in the unlicensed bands, e.g. in the 5 GHz band.

The current signalling for carrier aggregation configuration only allows up to 5 serving cells/carriers. This paper discusses the general signalling extension to be able to support up to 32 carriers as well as the considerations on UE capability signalling.
2 Discussion

2.1 Signalling extension to support more than 5 carriers

The number of configurable serving cells is currently limited to 5 by TS 36.331, i.e. 1 PCell/PSCell and 4 SCells. For example the maxSCell is currently 4 at Scell addition and the maxServCell is 5 for measurement reporting. One solution is simply to extend the limit by introducing a new list of up to 32 serving cells that can be configured by RRC. This means the serving cell index also needs to be extended to 5 bits. 
Related to this, currently the Carrier Indicator Field (CIF) in DCI format has fixed size of 3 bits. If the size of CIF is kept the same, a grouping mechanism to have maximum 8 cells per group may be necessary from physical layer point of view. This would imply up to 4 cell groups that can be configured by RRC. The serving cell index needs not be extended in this case.

To conclude, the exact approach to adopt for supporting up to 32 serving cells would be more clear after RAN1 has decided on the across carrier scheduling and the length of CIF.  

Proposal 1 Wait RAN1 decision on the length of CIF before deciding the signalling approach to support up to 32 serving cells.

Another issue to be discussed is the number of supported TAGs. Today, TS 36.331 assumes maximum 4 TAGs, i.e. 1 pTAG and 3 sTAGs. Considering the larger amount of configurable serving cells and the presence of unlicensed bands, we deem reasonable to extend the maximum number of TAGs to 8. Having more TAGs would come with signalling cost both in the RRC and MAC layer.
Proposal 2 The maximum number of TAGs shall be extended to 8.
2.2 UE capability considerations

Simply following the existing CA UE capability signalling to indicate carrier aggregation of up to 32 carriers will dramatically increase the number of band combinations and the total size of UE capability. Even with the network requested band combination capability signalling, the number of different combinations consisting of up to 32CC can be still considerably large. Before considering any changes in the existing signalling or defining a completely new signalling approach several aspects should be investigated and clarified.

The large number of carriers being targeted in the Rel-13 enhanced CA would mean that many of the carriers should come from the unlicensed spectrums since it could be very unrealistic that one operator can have 32 different licensed carriers. Within the potential unlicensed frequency bands carriers could be often contiguous also. There may be UE implementation limitation as well on the number of supported RF in reality. Thus the maximum number of frequency bands that can be aggregated could be well below 32. For UL and DL there could be also quite different demands and realistic implementations on the number of aggregated CCs. Therefore feedback from RAN4/RAN1 regarding the realistic assumption of the number of aggregated bands (either contiguous or non-contiguous carriers) on both UL and DL would be helpful in designing the required capability signalling.

Observation 1 It is expected the maximum number of frequency bands that can be aggregated could be well below 32.
In the existing signalling the UE indicates explicitly all the supported bandwidth classes per band per band combination, and bandwidth combination sets of each band combination. To support up to 32 carriers we expect RAN4 would need to extend the bandwidth class and the bandwidth combination set correspondingly. However complications are expected due to the large number of possible combinations. Therefore it is not clear whether there would be any changes introduced to the current signaling of supported bandwidth class and bandwidth combination set.
The UE can also indicate different dependent capabilities, which are mostly base-band processing related capabilities such as MIMO capability, number of CSI processes, NAICS capability etc. for each band and band combination. It should be considered to what degree of flexibility these dependent capabilities need to be provided in case of 32 aggregated CCs.

The requirement for measurement gap is another issue to consider. Currently the UE shall not require gaps to measure on the configured serving cells/carriers. This should be still valid in case of 32 serving cells/carriers. In the existing capability signalling the UE can indicate demand for gap per frequency band for each band combination in case of carrier aggregation. Depending on whether there would be any changes to be introduced on the current band combination signalling, the measurement gap capability might need to be adapted accordingly. 

For all the above mentioned aspects inputs from RAN4 and RAN1 would be needed before RAN2 can start discussing the required capability signalling. Therefore we propose

Proposal 3 RAN2 to send LS asking for inputs on the discussed aspects from RAN4&RAN1 for the discussion on UE capability signalling to support up to 32 carriers.
3 Conclusions

In this paper, we have analysed signalling extension to support more than 5 carriers and UE capability aspects.

Based on the above discussion, we propose the following:

Proposal 1
Wait RAN1 decision on the length of CIF before deciding the signalling approach to support up to 32 serving cells.
Proposal 2
The maximum number of TAGs shall be extended to 8.
Proposal 3
RAN2 to send LS asking for inputs on the discussed aspects from RAN4&RAN1 for the discussion on UE capability signalling to support up to 32 carriers.
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