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1 Introduction 
In RAN2#89bis meeting, there was some initial discussion about the impact to support up to 32 CCs CA. In this paper, we will discuss the impact relevant to up to 32 CCs further.
2 Discussion
When the serving cell number is increased from 8 to 32, one issue is how to extend the cell index in the specification. Currently there are two cell index i.e. SCellIndex (1..7) and ServCellIndex (0..7) in specification. SCellIndex is used to refer to cell index of secondary cell in both RRC and MAC while ServCellIndex is used in RRC to refer to scheduling cell and measurement result of serving cell. ServCellIndex is used as 3-bit CIF by physical layer. Therefore the way to extend the cell index needs to consider the input from RAN1 about CIF. 
In RAN2#89bis, RAN2 hasn’t come to conclusion on this issue due to the lack of conclusion on CIF in RAN1. According to the newest progress in RAN1, they have reached the following agreement for CIF:
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And based on RAN1 agreement, RAN2 can continue the discussion for the possible way to extend the cell index. So far there are two alternatives on how to extend cell index:
Alt1: to extend the cell index from 8 to 32 directly [1][2][3]
Alt2: to introduce concept of cell group with up to 8 cells in one group [4]
In Alt2 one serving cell can be identified by a pair of identities i.e. (group index, cell index). In order to align with CIF in PDCCH signalling, cell index must be (0..7). In RRC signalling a pair of identities is not a straight forward since usually one unified index is quite simple. Another concern is backward compatibility. Assuming UE is configured with 5 serving cells which are identified by single index as usual firstly, and more CCs are configured to enable high throughput secondly, then RRC signalling should be designed to allow that one single cell index can be mapped to a pair of identities. One way is to take “delete and add” approach, e.g. to delete all the previous configured CCs by single index and add them again by a pair of identifies in addition to other new configured CCs, which sounds overkill. In addition one special rule should be defined for PCell otherwise only handover procedure is feasible. 
For Alt2, the impact to MAC layer should be identified. ACTIVATION/DEACTIVATION CMD and PHR report in MAC layer are designed in such way that cell index of PCell or PSCell is not included. That means only 7 CCs will be addressed. However there are up to 8 CCs within a cell group. For cell group where there is only secondary cell then ACTIVATION/DEACTIVATION CMD and PHR report can’t be reused. Another concern on ACTIVATION/DEACTIVATION CMD is signalling overhead. The precondition for reusing current MAC CE is that group information is delivered implicitly by the serving cell transmitting the MAC CE. But it doesn’t work always. For example, after handover, those cell groups without PCell can’t be activated any more unless group information is contained within ACTIVATION/DEACTION CMD itself. Then for the case when all the secondary cells are to be activated after handover, more signalling overhead is introduced and MAC CE is even more complicated.
For Alt2, another issue of PHR is that no all the PHR report can be transmitted simultaneously due to lack of simultaneous grant among cell groups. But delayed PHR will make PHR information useless.
There is no such concern in RRC layer for Alt1. In MAC layer if ACTIVATION/DEACTIVATION CMD and PHR will be anyway changed then there is no essential difference in terms complexity. Having said that we propose:
Proposal 1: to extend the cell index from 8 to 32 directly
Correspondingly MAC specification need be modified to accommodate this long cell index. In MAC layer here is the existing (DE) ACTIVATION CMD:
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Figure 1
It could be extended as following:
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Figure 2
Because UE will not be always configured with up to 32 CCs, fixed size bitmap introduces more signalling overhead obviously. One way to reduce signalling overhead is to introduce variable size of bitmap. It is even more useful for PHR report due to the fact that always less uplink carriers are configured than downlink carriers.

Proposal2: RAN2 is kindly asked to discuss whether variable size of bitmap of Ci could be introduced for ACTIVATION/DEACTION CMD and PHR (if uplink carriers deem to be more than 8)
For PHR report it is also straight way forward to use the bitmap as indicated in Figure 2. However if the total number of uplink carriers will be constrained to be less than 8 carriers, then legacy PHR MAC CE could be reused by introducing different interpretation of the Ci bit. For example Ci could refer to the i_th uplink carrier in increasing or decreasing order.
Proposal 3: RAN2 is kindly asked to discuss whether it is feasible to constrain the number of uplink carrier to 8 and reuse legacy PHR MAC CE.
Considering that CIF size is kept as 3 bits according to RAN1 agreement, it is clear that CIF can’t be taken directly as ServCellIndex for CA up to 32 CCs. One possible solution is to take CIF as index of scheduling relationship. Here is one example as Figure 4:
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Figure 4
The scheduling relationship could be signalled via RRC signalling in advance. When UE receives PDCCH from network, scheduling cell itself (e.g. N1, N2 in Figure 4) implicitly indicates that which group of serving cells does the CIF in PDCCH signalling refers to. When the meaning of CIF is changed from ServCellIndex to the index of scheduling relationship, there might be some ambiguity over radio. Fortunately PCell/PSCell itself will always be scheduling by itself i.e. there is no CIF in the PDCCH signaling. So the RRC CONNECTION RECONFIGURATION containing the change can go through PCell/PSCell. In this way at least the RRC reconfiguration itself has no problem. For other CCs it is up to eNB’s implementation whether scheduling will continue but rely on HARQ retransmission or simply skip scheduling for a short while.
Proposal 4: to define CIF as index of scheduling relationship between scheduling cell and scheduled cell
3 Conclusion
Based on the analysis of this paper, there are the following proposals:

Proposal 1: to extend the cell index from 8 to 32 directly
Proposal2: RAN2 is kindly asked to discuss whether variable size of bitmap of Ci could be introduced for ACTIVATION/DEACTION CMD and PHR (if uplink carriers deems to be more than 8)
Proposal 3: RAN2 is kindly asked to discuss whether it is feasible to constrain the number of uplink carrier to 8 and reuse legacy PHR MAC CE.
Proposal 4: to define CIF as index of scheduling relationship between scheduling cell and scheduled cell
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Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)


Rel. 13 CA enabling to address 8 cells with the 3bit CIF


FFS: Mapping of ServingCellID to CIF for a scheduling cell


FFS: USS definition and relation to CIF
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