3GPP TSG-RAN WG2 Meeting #77





R2-120063
Dresden, Germany, 6 - 10 February 2012
Agenda item:
6.6
Source: 
Huawei, HiSilicon

Title: 
Consideration on dual mode UE (FDD&TDD) capability handling
Document for:
Discussion and Decision
1   Introduction
RAN2 has discussed if the UE capability could be different for dual mode (FDD&TDD) UE several times and no consensus can be achieved. In RAN#54 meeting, RAN sent LS [1] to ask RAN2 to continue the discussion on this issue. In summary the conclusion in RAN plenary was:

· UE may have different TDD and FDD capabilities, but this difference should be limited and should be identified in RAN1 and RAN2;

· RAN2 should develop a solution that can address both idle mode mobility and connected mode mobility for UEs having some different capabilities/FGI settings for LTE FDD and for LTE TDD modes. The flexibility of this solution will be limited to the real difference capabilities.
In this paper we analyse solutions based on possible scenarios.
2   Discussion
2.1   Possible scenarios
In [2], possible scenarios for intra LTE dual mode mobility were described. The TDD/FDD dual mode UE should support IDLE mode and Connected mode mobility between FDD and TDD due to offload purpose. If the UE FDD and TDD capability could be different:
· For connected mode mobility, it is difficult for the target eNB to know what the real capability the UE supported is in this system upon HO; Consequently the HO may be failed; 
· Even if the UE only supports IDLE mode mobility, the eNB may misuse the capability provided by the MME if the MME is not changed upon UE FDD/TDD mode change. 
Another scenario is inter-RAT case. For dual/ triple mode network and triple mode UE (LTE TDD/FDD and other RAT), for instance a LTE TDD/FDD and GERAN triple mode UE is used in LTE TDD and GERAN network. The UE may camp on GERAN first, and reports LTE capability to the GERAN network. If the UE’s LTE TDD and FDD capability is different, what capability the UE should report in GERAN work? 
· The Connected mode mobility may be failed if the UE LTE capability stored in GERAN is different from the target LTE system’s mode (FDD or TDD);
· For IDLE mode mobility, the problem may occur for triple mode network (LTE TDD/FDD and other mode) when the UE moved from LTE FDD->GERAN->LTE TDD if ISR is used and the MME is the same.  
Observation 1: RAN2 solution should cover both IDLE mode and Connected mode mobility for intra LTE and inter-RAT mobility case.

2.2   Solution analysis
Several solutions were raised during RAN2 discussion in [3] [4] [5]:
Alt 1: Attach/ Detach;
The UE reports LTE capability based on the camped network mode, e.g. the UE camped on FDD, then reports FDD capability to the network and does detach/attach to update capability when the mode is changed.

Alt 2: Common capability reporting;
The UE only reports the capabilities which supported in both modes. The UE shall not include the different part in current capability signalling.
Alt 3: TAU (used for Idle mode mobility) + Common capability (used for inter mode/RAT HO);
The UE reports LTE capability based on the camped network mode. For idle mode mobility, the UE will use TAU to update LTE capability if the mode is changed. During the HO, the target eNB should use the Common capabilities which specified in specification and enquire UE capability again after the HO. 

Alt 4: common capability + two extended IEs for separated FDD/TDD capabilities which identified as real different capabilities by RAN1/RAN2;
The UE shall always report common capability for FDD and TDD in current capability signalling. For the real different capabilities between FDD and TDD, non critical extension should be used for FDD and TDD separately, and the UE shall only report the different part via these extended IEs to the network. As suggested by RAN, RAN1 and RAN2 shall identify which capabilities shall be different in order to design extended IEs.
Alt 5: common capability + two extended IEs for complete FDD and TDD capability separately;


The UE shall always report common capability for FDD and TDD via current UE capability IEs. And introduce two sets of complete capabilities for FDD and TDD independently.
Alt 6: FDD capability + extended IE for complete TDD capability;


The UE shall always report FDD capability via current UE capability IEs. And introduce a new IE to contain complete TDD capability.

We analyse the pros and the cons of above solutions in the table 1:
Table 1: Analysis on possible solutions
	Solution
	Spec impact
	UE and network impact
	Analysis

	Alt1
	No
	- The UE shall report capability based on camped cell mode;

- The UE shall do detach/attach when the mode is changed;
	- This solution can not be used for HO case. And it will impact user experience severely for redirection case.

	Alt2
	No
	- The UE shall report the capabilities which supported in both modes. 
	- The UE capability may be downgrade.

	Alt3
	-SA2/CT1 restrictions have to be removed.
-RAN2 should define common capability for connected mobility.
	- The UE shall report capability based on camped cell mode;
-The UE shall do TAU when the mode is changed or RAT is changed (triple mode UE);
- The eNB must be updated to support common capability for inter mode HO/inter RAT HO and enquire UE real capability again.


	-TAU is the best solution for IDLE mode mobility due to no ASN.1 impact;

- For connected mode mobility:

The UE capability has to be downgrade upon inter mode HO and inter RAT handover to LTE (triple mode UE). And following capability enquiry procedure will increase signalling load;
No forward compatibility. Can not avoid capability downgrade and additional capability signalling even if the UE can support common capability for FDD and TDD;

No backward compatibility. The eNB has to be updated.

	Alt4
	-RAN2 shall define common capability and introduce non critical extended IEs for real different capabilities for FDD and TDD.
	-The UE shall support new extended IEs.
-The eNB may be updated to support new extended IEs.
	- Little ASN.1 changes if we could limit the difference;
- can work in legacy network;

- No additional capability enquiry procedure compared with alt 3;

- capability downgrade can be avoided if the eNB is updated accordingly;
Note: The UE capability may be downgrade if the network is not updated accordingly.

	Alt5
	RAN2 shall define common capability and has to introduce two sets of complete capabilities for FDD and TDD.
	-The UE shall support new extended IEs.

-The eNB may be updated to support new sets of capabilities.
	-Does not align with RAN decision; 
-too rich solution considering only little capabilities may be different between FDD and TDD due to less of IOT opportunities on some features and the IOT opportunities for these features will be available for both FDD and TDD in the future;

-Will lead different evolution for FDD and TDD.

-ASN.1 impact and signalling load are significant;
-Others are similar to Alt4.

	Alt6
	RAN2 shall introduce new capability IE for TDD
	-The UE shall always report FDD capability in current capability IE and include TDD capability in new extended IE.

-The eNB must be updated to support new IE.
	-Does not align with RAN decision; 
-No backward compatibility. The TDD eNB must be updated even if the UE could have the same capability for FDD and TDD;

-too rich solution considering only little capabilities may be different between FDD and TDD due to less of IOT opportunities on some features and the IOT opportunities for these features will be available for both FDD and TDD in the future;
-Will lead different evolution for FDD and TDD.

-ASN.1 impact and signalling load are significant;

- No additional capability enquiry procedure compared with alt 3;


From above analysis, the benefit of alt3 is that it has less specification impact. It can work well for IDLE mode mobility even for inter RAT case. But for connected mode mobility:

· It can not avoid the capability downgrade and additional capability enquiry procedure for the UE which can support common capabilities for FDD and TDD. 
· And it can not work in legacy network. 
Compared with other solutions, the alt 4 has less impact, good backward/forward compatibility and aligns with RAN decision well. However, RAN2 needs a lot of work to finish it which may not be finished before RAN#55. To speed the usage of dual mode UE and dual mode network, if RAN2 can not finish IE definition quickly, TAU can be a temporary solution for the dual mode UE which only support intra LTE and/or inter RAT idle mode mobility. For the UE supported inter mode HO or inter RAT HO, the alt 4 shall be adopted. 
Proposal1: TAU shall be temporary solution for the UE which only support intra LTE and/or inter RAT idle mode mobility.
Proposal2: RAN2 shall adopt the alt 4 as baseline for the UE supported inter mode HO and/or inter RAT HO and continue the discussion on which capabilities shall be really different between FDD and TDD.
3   Conclusion
In this contribution, we analyse how to handle LTE capability for dual mode UE. Based on above analysis, we propose:
Observation 1: RAN2 solution should cover both IDLE mode and Connected mode mobility for intra LTE and inter-RAT mobility case.
Proposal1: TAU shall be temporary solution for the UE which only support intra LTE and/or inter RAT idle mode mobility.
Proposal2: RAN2 shall adopt the alt 4 as baseline for the UE supported inter mode HO and/or inter RAT HO and continue the discussion on which capabilities shall be really different between FDD and TDD.
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