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1 Introduction

In LTE Rel-11, CA introduced the concept of time advance group (TAG), which is a set of serving cells sharing the same TA value and timing reference. Multiple TAG is required to support the deployment of frequency selective repeater and RRH. 

In this contribution, we discuss whether the principle of R-11 TAG is applicable for inter-eNB CA. 
2 Discussion
For the deployment Scenario #2 where macro and small cells on different carrier frequencies are connected via non-ideal backhaul, UE will perform data transmission/reception with MeNB and SeNB simultaneously. Each eNB should make sure that the UL transmissions from different UEs are time-aligned at the receiver. From intra-eNB CA, only one eNB is responsible for the uplink signal measurement and timing-advance value for all the aggregated serving cells to the UE. However, for inter-eNB CA, both MeNB and SeNB are involved in the maintenance of UL time alignment for a specific UE. 

Observation 1: From UE perspective, multiple TAGs are required to maintain the UL time alignment with different eNBs. 

Observation 2: If an eNB configured TAG to a UE, it is responsible for the UL timing adjustment for the TAG. 

Proposal 1: UE is required to support Multiple TAG for inter-eNB CA. 

Proposal 2: If an eNB configures TAG to a UE, it is responsible for adjusting the UL timing of the associated TAG. 
For intra-eNB CA, since the UL time alignment is maintained by the same eNB, where the timing advance command is calculated and generated, TAC can be transmitted on any cell. However, for inter-eNB CA, TAC for each TAG is generated by the associated eNB. Considering the latency of Xn interface, there is no benefit to forward the TAC via MeNB.

Observation 3: There is no benefit to forward TAC via Xn to the other eNB for transmission. 

Proposal 3: An eNB shall send TAC to a UE directly.   

Since the TAC is always sent by the corresponding eNB, there seems no need for TAG ID. TAG ID can still be used by intra-eNB CA of SeNB or MeNB.

In Rel-11 CA, there is one TAT per TAG and separate values of TAT can be configured for different TAGs.  Since the coverage and propagation environment from MeNB and SeNB is different, it is natural that the TAT of each TAG associated to different eNBs can be configured with different values. 

Proposal 4: There is one TAT per TAG and different TAT value can be configured for different eNB. 

In Rel-11 CA, two types of TAG are defined, i.e. pTAG and sTAG. When the TAT associated with pTAG expires, all TAT’s are considered expired. So the UE is considered as out of UL synchronization and random access on Pcell will be performed to obtain the UL time alignment due to missing PUCCH. 

For inter-eNB CA, no matter whether the concept and definition of Pcell/Scell and pTAG/sTAG can be applicable, the dependency between different TAGs associated to the eNBs is not as tight as intra-eNB CA. Based on the assumption that each eNB has its own PUCCH, the UL data transmission can be performed normally with one eNB even when the TAT of the other eNB expires. For example, if UE loss UL synchronization with MeNB, UL data transmission can still be performed with the SeNB, especially with bearer splitting. Specifically, there is no need to autonomously expire TAT of the SeNB when TAT of MeNB expired. 

Observation 4: The dependency of the UL synchronization status between different TAGs associated to different eNBs is not as tight as intra-eNB CA. 

Proposal 5: The status of one TAG associated to an eNB does not impact the status of the TAG associated to the other eNB.

In Rel-11 CA, when the TAT associated with sTAG expires, DL data transmission can still be performed normally since the corresponding HARQ acknowledgement and CQI for DL scheduling can be transmitted through PUCCH on PCell. So the serving cells belonging to sTAG are not deactivated. For inter-eNB CA, considering the latency of Xn, each eNB is assumed to have its own PUCCH. So when the TAT of the TAG associated to SeNB expires, both DL and UL transmission can’t be performed, since the PUCCH is gone. 

Observation 5: When the TAT of the TAG associated with the SeNB expires, both DL and UL data transmission can’t be performed. 

When the TAT associated with SeNB expires, power consumption can be reduced if the serving cells originated from SeNB can be considered as deactivated, since UE doesn’t need to monitor PDCCH on the deactivated serving cells. However, when there is DL data arrival from the SeNB, it would be problematic to activate the serving cells timely. One possible method is that activation of the serving cells belonging to the SeNB is controlled by MeNB, e.g. trigging RA procedure towards SeNB or send activation command; another possible method is that a particular serving cell similar as Pcell is configured for SeNB and can’t be deactivated. So all the serving cells except the particular one are deactivated upon expiration of the TAT associated with SeNB. 

Proposal 6: When the TAT of the TAG associated with the SeNB expires, deactivate all the serving cells belonging to the SeNB except the particular serving cell. 
3 Conclusion
In this contribution, we analysis whether the principle of Multiple TAG specified in Rel11 is applicable for inter-eNB CA and propose: 
Proposal 1: UE is required to support Multiple TAG for inter-eNB CA. 

Proposal 2: If an eNB configures TAG to a UE, it is responsible for adjusting the UL timing of the associated TAG. 
Proposal 3: An eNB shall send TAC to a UE directly.   

Proposal 4: There is one TAT per TAG and different TAT value can be configured for different eNB. 

Proposal 5: The status of one TAG associated to an eNB does not impact the status of the TAG associated to the other eNB.

Proposal 6: When the TAT of the TAG associated with the SeNB expires, deactivate all the serving cells belonging to the SeNB except the particular serving cell. 
