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1. Introduction
In RAN2#69bis, RRC connection re-establishment procedure in CA was discussed, and some concerns of re-establishment on multiple CCs were mentioned [1]. However, there was no agreement and some further studies were needed. This document discusses the possible re-establishment procedure and some potential problems in CA. It is recommended to re-use the LTE Rel-8/9 re-establishment procedure in LTE-A.
2. Discussion
2.1. Re-establishment procedure in LTE
In LTE Rel-8/9, RRC connection re-establishment is used for resuming SRB1 and re-activating security. The modeling of this procedure is designed to be aligned with RRC connection establishment. UE selects only one cell to initiate re-establishment procedure, and after successful re-establishment in the cell, RRCConnectionReconfiguration message will be sent by eNB to resume SRB2 and DRBs, as shown in Figure 1.
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Figure 1 RRC connection re-establishment procedure in LTE
In LTE, RRC connection re-establishment procedure can only occur in one cell, no matter whether the cell is the source cell before re-establishment or a new cell. UE uses default L1/MAC configuration to initiate the re-establishment procedure, and stores the other configurations before re-establishment. Delta configuration is used in the first RRCConnectionReconfiguration message after successful re-establishment procedure, which is based on the default L1/MAC configuration and other old configurations before re-establishment.
2.2. Re-establishment scenarios and possible procedures in LTE-A
In LTE-A, CA is introduced. For the UE using CA before re-establishment, there are two possible scenarios when re-establishment occurs:
· Scenario 1: UE initiates re-establishment in the cell within configured CC set

· Scenario 2: UE initiates re-establishment in the cell out of configured CC set

Note that, for both scenarios, the procedure before UE initiates re-establishment procedure is the same as LTE Rel-8/Rel-9, i.e. UE performs cell selection procedure to select only one cell. For these two scenarios, three kinds of subsequent re-establishment procedures after cell selection have been mentioned in the last several RAN2 meetings:
· Alt 1: re-establishment in one cell, i.e. same as LTE Rel-8/9 [2];
· Alt 2: re-establishment in multiple cells, i.e. CA is reconfigured during re-establishment procedure;

· Alt 3: fast re-establishment (resuming SRB2 and DRBs during re-establishment procedure) [3].

In the following, we discuss these three Alts, respectively.

2.3. Comparison of three kinds of re-establishment procedures
Alt 1: re-establishment in one cell, i.e. same as LTE Rel-8/9
Alt 1 is LTE Rel-8/9 procedure, its pros and cons are:

Pros:

· Align with LTE Rel-8/9, no impact on current protocol procedure

· No more UE/eNB complexity
Cons:

· CA can not be configured during re-establishment procedure
As the re-establishment procedure occurs in only one cell, after successful re-establishment, this cell should naturally be the new Pcell of UE. During re-establishment procedure, the default L1/MAC configuration is used in this Pcell and the old CCs’ configurations before re-establishment should be discarded. Subsequent RRC connection reconfiguration procedure can be used to recover CA transmission for the UE after successful re-establishment.
Alt 2: re-establishment in multiple cells, i.e. CA is reconfigured during re-establishment procedure
Alt 2 only resumes SRB1 and re-activates security, and it can configure multiple carriers during re-establishment procedure. It seems to recover CA faster. However, as eNB doesn’t know the channel qualities of all CCs, it can not work so well. For the following three cases of Alt2, this can be seen more obviously.
Case 1: UE initiates re-establishment in the cell within configured CC set, and CC set is unchanged

Case 2: UE initiates re-establishment in the cell within /out of configured CC set, and CC set is partly changed

Case 3: UE initiates re-establishment in the cell out of configured CC set, and CC set is totally changed

In case 1, if eNB wants to recover the same CC set during re-establishment procedure, it is better for it to know all the other CCs’ channel qualities besides the one where UE initiates re-establishment. As re-establishment procedure is always triggered by bad channel quality of PCC, and PCC is assumed to be or almost be the best CC in the CC set, it can be deduced that in most time, the SCCs in the configured CC set are also in bad channel quality before re-establishment. Even if the cell which UE initiates re-establishment is good, eNB can not guarantee all the other CCs in the old configured CC set are also good when re-establishment is initiated. Therefore, it is risky for eNB to recover CA on this old CC set. In the same way, for case 2 and case 3, it is also risky for eNB to reconfigured CA on a partly or totally new CC set which channel quality is almost unknown. This kind of blind re-establishment procedure can lead to transmission failure and resource waste. 
Besides, it has some impacts on current protocol, e.g. extension of RRCConnectionReestablishment message for multiple carriers, which will increase the signaling overhead. It can also increase the UE/eNB complexity.
Pros:

· CA can be configured during re-establishment procedure
Cons:

· Risky for re-establishment on a CC set without knowing the CCs’ channel qualities

· Not align with LTE Rel-8/9, some impacts on current protocol procedure
· more UE/eNB complexity
Alt 3: fast re-establishment (resuming SRB2 and DRBs during re-establishment procedure)
Compared with Alt 1 and Alt 2, besides SRB1, SRB2 and DRBs are also resumed in Alt 3, which conflicts with the modeling principle of re-establishment procedure. Alt 3 is a little far away from current understanding, and it has significant impact on current protocol. In addition, the problem of unknown channel quality of Alt 2 still exists in Alt3. On the other hand, fast re-establishment can only be used in scenario 1, and in scenario 2, Alt 1 still should be used. This will lead to more complexity. Pros and cons of Alt 3 are:
Pros:

· CA can be configured during re-establishment procedure

· SRB2 and DRBs are also resumed in scenario 1
Cons:

· Risky for re-establishment on a CC set without knowing the CCs’ channel qualities

· Not align with LTE Rel-8/9, more impacts on current protocol procedure

· more UE/eNB complexity

· Two procedures for re-establishment
2.4. Summary of Comparison
In summary, the comparison of the three Alts mentioned above is shown in Table 1:
Table 1 comparison of three Alts
	
	Alt 1
	Alt 2
	Alt 3

	Impact on current protocol
	no impact
	some impacts
	more impacts

	RRCConnectionReestablishment message’s content
	no need to extend
	need to extend:

multiple CCs’ configuration;
	need to extend:

multiple CCs’ configuration, SRB2 and DRBs configuration;

	UE/eNB complexity
	low
	medium
	high

	Unified procedure
	yes
	yes
	no

	Risky for re-establishment on a CC set without knowing the CCs’ channel qualities
	no
	yes
	yes

	CA configured during re-establishment
	no
	yes
	yes


From Table 1, it can be seen that Alt 1 is simple and aligned with LTE Rel-8/9. On the other hand, Alt 2 and Alt 3 have little gain and will introduce more cost. Further more, as LTE-A UEs do not all support CA, it is not suitable to introduce two kinds of re-establishment procedure for LTE-A UEs due to their CA capacity. Therefore, we prefer Alt1.
Proposal: RRC connection re-establishment procedure of LTE Rel-8/9 is proposed to be re-used in LTE-A.
3. Conclusions
As discussed above, our proposal is shown below:
Proposal: RRC connection re-establishment procedure of LTE Rel-8/9 is proposed to be re-used in LTE-A.
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