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Discussion
1 Introduction 

 In RAN2#68bis, RAN2 discussed if we need to introduce a concept of PCC, based on [1] . During the discussion, many companies were taking very different assumptions on how such PCC works, and what attributes of the PCC are assumed. The attributes to be assumed by a single company may not consistent across functionality related to the PCC concept. Depending on the context where PCC is introduced, the meaning and role of PCC does not seem to be consistent. For example, how PCC is related to D-SR function is not clear, and PCC in RLF context and PCC (or anchor cell) in measurement may be quite different. The different assumption across companies and functionalities made it very difficult to discuss further on the need of PCC. It is also unclear what the PCC exactly means. This document investigates what is the implication of each functionality to the need of PCC, and tries to derive some attributes that can be necessary and sufficient for PCC. 
2 Discussion 
2.1  Minimum attribute of PCC

When it comes to defining roles of PCC, it is natural for eNB to be able to assume that the PCC is always available for communication with concerned UE. This gives what should be mandated to PCC attributes: 1) PCC should not be deactivated and 2) PCC should include the CC in CC monitoring set of the UE. We start from these assumptions and draw it as the baseline conclusion: 

Conclusion 1:
The PCC is never deactivated. PCC corresponds to the CC of CC monitoring set. 
2.2 D-SR implication to the need of PCC

It was agreed in RAN1 that D-SR1 is mapped on a single UL CC. In this last meeting, it was argued that this agreement gives the hint toward introducing PCC concept. However, to our understanding, D-SR operation can be independent of whether we introduce PCC or not. Rather, it is just related to CC monitoring set of UE. Some examples are taken to see this:
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(a) D-SR is mapped on PCC-associated UL CC
(b) D-SR is NOT mapped on PCC-associated UL CC
In Figure 1a, DL1 is a never deactivated CC, say PCC, and D-SR is mapped on UL1 that is associated with DL1. When eNB receives D-SR from the UL2, it may give grant to the UE over CC(s) monitored by the UE. 
Even if D-SR is mapped on UL2, situation does not change at all. eNB can still grant to the UE correctly. No problem in operating with D-SR is identified. 

Observation 2: Regarding D-SR operation, it is sufficient for eNB to know CC monitoring set of UE. For UE, it is sufficient to know the UL CC on which D-SR is mapped on. D-SR can be mapped on any UL CC. D-SR does not have to be mapped on the UL CC that is associated with a certain CC, say PCC.
It is noted that this observation is still valid under any DL&&UL linkage. Therefore, following conclusion is reached on the D-SR implication to the need of PCC:
Conclusion 2:
D-SR can be mapped on any UL CC. The need of PCC is hence viewed as irrelevant of D-SR functionality

2.3 Radio Link Failure
Main argument in favour of introducing PCC concept into RLF area is that no change on existing RLF criterion is needed. This argument is assuming that PCC failure should be always interpreted as RLF, even when UE is able to possibly communicate with eNB over another alive CC. 

Without PCC concept, we can possibly achieve reduced rate of RLF by employing the multi-carrier nature of CA. The required change, surely there would be, does not seem to be significant compared to the achievable benefit. Then it would be worth investigating what is further specified for this potential enhancement. It would never be late, if really necessary, to adopt the concept of PCC into RLF at that moment. 
Observation 3: Given the assumption that PCC failure should be interpreted as RLF, the rate of RLF would be higher than what we could achieve without PCC. The rate of RLF with such assumption would be the same only with what is experienced by R8 UEs. The advantage of less specification job is not worth giving up the chance to decrease the rate of RLF in LTE-A. 

Conclusion 3:
Applying PCC concept into RLF context would disable the chance of survival from PCC failure. Hence, PCC failure, even if PCC is introduced, should not be necessarily interpreted as RLF. 
2.4 DRX
The achievable benefit of PCC concept in DRX field would be that consumed power would be further saved with optimized DRX. This benefit seems to assume that when UE is in quite low activity, every CC other than PCC sleeps. This optimization needs further specification jobs, and more important, what should be necessary for such optimized DRX would be only the attribute that 1) the anchor CC is never deactivated and 2) the anchor CC includes control channel to be monitored. No other attribute needed.  
Observation 4: DRX optimization requires only the attributes that an anchor CC is never deactivated and it includes control channel to be monitored. 

Conclusion 4:
DRX optimization requires an anchor CC that has only minimum attributes of what is captured in conclusion1. Hence, DRX optimization does not put anything further on the need of introducing PCC concept. 
2.5 Measurement

If PCC concept is introduced in measurement area, it would mean a ‘serving cell’ toward which neighbor cell is compared. So PCC, actually it is a single cell, is working as measurement reference. 

Depending on what measurement report is intended to assist, the measurement reference can be quite different. As proposed by [2], this measurement reference might need to be dynamically selected by UE during measurement evaluation. Another proposal in [3] suggests that it should be able to be configured by network. During In [4] rather the concept of multiple measurement references is also proposed. It is noted that any of these proposal does not seem to be in line with the concept of a single and static PCC. Details on this issue is discussed in [5]
If PCC is introduced in any way, it should not put any restriction on ‘which CC should be working as measurement reference’. Otherwise, the usefulness of measurement report would be quite limited. 

Observation 5: From the discussion of generalization of existing measurement mechanism, measurement reference does not seem to be in line with the concept of a single/static PCC. Rather than that, it can be quite independent. 

Conclusion 5:
measurement reference is well independent of PCC. 
2.6 Handling of system information change of CCs

Currently it is still discussed whether we go dedicated transfer of changed system information or broadcast approach. It is not sure if there is any benefit of introducing PCC to any of them. Rather, this functionality seems more related to CC monitoring set. 
Observation 6: 
Handling of system information change seems more related to CC monitoring set, rather than PCC.

Conclusion 6:
Introducing PCC does not relieve anything significant in handling of system information change
2.7 Activation/Deactivation

If PCC introduced, it seems that the command to activate/deactivate can be carrier only over PCC. However, use of single CC (PCC) for activation/deactivation may be unnecessary restriction on the usage of CC monitoring set, because by, definition, UE would already monitor CCs in CC monitoring set. 
Observation7: 
Activation/Deactivation seems more related to CC monitoring set, rather than PCC.

Conclusion 7:
Introducing PCC does not relieve anything significant in handling of CC activation/deactivation
2.8 CMAS/ETWS
It seems that CMAS/ETWS can work very fine without PCC, and introducing PCC does not relieve anything significant. 

Observation 8: 
CMAS/ETWS can work very fine without PCC

Conclusion 8:
introducing PCC does not relieve anything significant in CMAS/ETWS task

2.9 Summary of conclusions

Based on analysis above we identified that the first and the last attribute that PCC, if introduced, should have is only ‘never deactivated’, which can be considered as a very ‘mild’ PCC, and availability of control channel to be monitored. No other attributes for PCC to be necessarily equip with is identified, which might make the PCC more ‘strict’. In short, it is necessary and sufficient attribute of PCC that 1) it is never deactivated and 2) it includes control channel. 

If the attribute of PCC is limited to be mild as such at the end, we wonder what the real benefit of introducing the concept of PCC is except if we just want to call CC that is never deactivated a PCC. Less burden of specification job coming with such mild concept of PCC would be expected to be very marginal. 
Proposal 1 PCC is (nothing but) a CC that is never deactivated and includes control channel to be monitored. 
3 Special cell vs PCC

It is worth seeing how the issue of special cell is related to the need of PCC. The issue here is whether PCC should be the same as the CC providing security input and NAS mobility information. 
After discussion in Miyazaki, following is agreed as TP to 36.912. 

	5.3.2.2
Connection Control

As in LTE Rel-8, the UE only has one RRC connection with the network. One cell - the “special cell” - provides the security input and the NAS mobility information (one ECGI, one PCI and one ARFCN). There is only one “special cell” per UE in connected mode.


From the definition of special cell, it seems obvious that special cell is related to the upper layer procedure. NAS system information is related to NAS layer procedure and security input is related to PDCP operation. Thus, it can be said that special cell does not have any relation to lower layer procedure such as SR procedure and ACK/NACK handling.

In rel-8, there is one-to-one mapping between a serving cell and these parameters. In general, HO for Rel-8 means moving from one cell to different cell. However, because there are multiple cells to which a UE is connected, HO for carrier aggregation does not always mean switching one set of cells to different set of cells. In this sense, there is no strict requirement that security parameter or NAS system information should change during HO for CA operation.

The reference cell which is used for generation of security parameter or for the delivery of NAS system information becomes important only when generation of security parameter or delivery of NAS system information is needed. If the timing when security parameter generation and NAS system information delivery can be arbitrary controlled, the timing of security parameter generation and NAS system delivery can be set independent of the timing of HO, RLF or CC deactivation. 

For example, even when a CC is deactivated, other CC can work without any reconfiguration. Furthermore, deactivation of one CC does not cause any security threat that justices the change of security parameter. Thus, deactivation of CC is independent of security change. As matter of fact, though ‘special cell’ provides security input to PDCP, it does not necessarily mean that security parameter used in PDCP always should be from the one of the activated carrier. In principle, PDCP layer which is in charge of security protection does not know which carrier/cell it is connected to. 
Also, relation of RLF event to security input and NAS information seems not clear because linking RLF to a specific carrier only increases the probability of RLF. By the way, when RRC connection re-establishment is initiated, UE needs to provide some IEs using RRC Connection Re-establishment request message. When UE fills these IEs, as long as the UE remembers what parameter was used for the generation of security input, there will be no problem. Thus, there is no need to link special cell to a specific CC. We suggest that PCC should be decoupled with the source CC of special cell. That is, special CC does not give any weight on the need of PCC. 
Proposal 2 PCC concept is independent of special cell (special CC)
4 Conclusion
Conclusions in section 2 are summarized:
Conclusion 1:
The PCC is never deactivated. PCC corresponds to the CC in CC monitoring set of. 
Conclusion 2:
D-SR can be mapped on any UL CC. The need of PCC is hence viewed as irrelevant of D-SR functionality

Conclusion 3:
Applying PCC concept into RLF context would disable the chance of survival from PCC failure. Hence, PCC failure, even if PCC is introduced, should not be necessarily interpreted as RLF. 
Conclusion 4:
DRX optimization requires an anchor CC that has only minimum attributes of what is captured in conclusion1. Hence, DRX optimization does not put anything further on the need of introducing PCC concept. 
Conclusion 5:
measurement reference is well independent of PCC. 
Conclusion 6:
Introducing PCC does not relieve anything significant in handling of system information change
Conclusion 7:
Introducing PCC does not relieve anything significant in handling of CC activation/deactivation

Conclusion 8:
introducing PCC does not relieve anything significant in CMAS/ETWS task
Based on these conclusions, following is identified as necessary and sufficient attribute of PCC:

Proposal 3 PCC is (nothing but) a CC that is never deactivated and includes control channel to be monitored. 
Regarding the relation between special cell and PCC, we derived following proposal in section 3:
Proposal 4 PCC concept is independent of special cell (special CC)
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