3GPP TSG RAN WG2 #75bis 

                           R2-115199
10 - 14 October 2011, Zhuhai, China
Agenda item:
7.1.1.1

Source: 
HT mMobile Inc.

Title: 
TA group change for SCell
Document for:
Discussion and Decision
1 Introduction

During RAN2#74 meeting, the concept of “TA Group” was introduced, which is a set of serving cells with UL resource sharing the same TA value. The relationship between the configured SCells and TAG should be configured by the eNB. During RAN2#75 meeting, it was agreed that TAG change except for PCell needs to be supported. But it is not clear how to detect that the SCell should belong to a different TA group. It is open whether UE assistance information needs to be provided since so far no strong need has been identified. In this document, we share our views on the issues related to TAG change. 

2 Discussion
2.1 Semi-static TAG configuration
RAN4 has indicated that in scenario 2/3 without RRH or repeater, timing difference between different serving cells is less than 0.52μs of 97~98% of the case, but could be large as 2.5μs for other cases. In these two scenarios, all the serving cells can be configured in one group as in most cases single TA is workable. 

In scenario 4a/4b/5a/5b, the propagation delay between different serving cells will be different for a particular UE, due to the difference in antenna locations or processing delays of the repeaters. When some of the aggregated serving cells provide macro coverage while others making use of RRH/repeater provides improve throughput at hot spots, the propagation environment is similar for the serving cells with the same RRH/repeater. In these four scenarios, multiple TA as well as different TA groups are always needed when a UE is in the coverage overlaps. So the network may group the serving cells with the same RRH in the same TA group, while grouping the serving cells providing macro coverage in the same TA group. Therefore, grouping can be semi-statically configured according to the deployment. 

But semi-static TA grouping requires that the network has a clear picture of the deployment, such as whether RRH is deployed or whether frequency selective repeaters exist in each cell as well as for which band each repeater is working for. However, it seems that different operator have different views on whether the network has the knowledge about the deployment. If the network can control the deployment, multiple TA should be initially configured together with the semi-static TA grouping configuration, no matter where UE is located. 

Proposal 1: If the network has the knowledge about the deployment, multiple TA should be initially configured together with the semi-static TAG configuration. 

2.2 TAG change for SCell 
During RAN2#75 meeting, it is agreed that TAG change except for PCell needs to be supported. So during UE mobility in the connection lifetime, such as moving into or moving out of the coverage of RRH/repeater, TAG change for the configured SCells with configured UL can be performed accordingly due to the changed propagation environment for different serving cells.
In our understanding, the TAG change for the SCell will result in two cases: 

The first case is that the SCell is re-grouped to a TAG without UL time alignment for the TAG available. In this case, an RA procedure needs to be triggered on the SCell to obtain the initial UL time alignment for the corresponding TAG. 

The second case is that the SCell is re-grouped to a TAG with UL time alignment for the TAG available. In this case, no RA procedure need to be triggered and the TA value for the existing TAG can be used for the SCell. 
Proposal 2: If the SCell is re-grouped to a TAG without UL time alignment for the TAG available, an RA procedure needs to be triggered by the network.

Proposal 3: If the SCell is re-grouped to a TAG with UL time alignment for the TAG available, no RA procedure needs to be triggered by the network.
2.3 Detection of the TAG change
During RAN2#75 meeting, it is discussed based on what information the network can detect that the the SCell needs to be transferred to a different TAG? No consensus had been reached and the following three different methods were identified: 

Method 1: the eNB can detect TAG change for the SCell through network implementation based on the UL transmission such as PUSCH or SRS;
Method 2: the eNB can detect TAG change for the SCell based on preamble transmission through triggering RA procedure on the SCell;
Method 3: the eNB can detect TAG change for the SCell based on UE assistance information.

Method 1 has the benefit that it has no impact to the current specification. Since the eNB has the responsibility to track the UL timing, it can schedule PUSCH transmission on the SCell or request aperiodic SRS when necessary. No additional information or UE behaviour needs to be defined for SCell TAG change. But it is required that the eNB can schedule the UL transmission timely and frequently, especially when the UE is moving in high speed. Otherwise, there is a risk that the TA for the SCell has largely changed but the eNB is unable to track the change immediately. 
Taking Figure 1 for example, initially single TA is configured. If a UE moves from position A to position B, the difference of propagation delay between F1 and F2 will become larger and larger. If the UL scheduling on F2 from the eNB is sparse, the eNB may lose the UL synch on F2 due to the lack of UL transmission. If the TA grouping configuration is not updated timely, UL timing adjustment will still be performed with single TA, and TA command is applied to both of UL CCs. However, such TA command may not compensate the longer propagation delay on F2 due to the processing time of the repeater. Although the TA timer is still running, UL synchronization on F2 might be lost. The UL transmission such as PUSCH, SRS on F2 will cause interference to other UEs, and the eNB can’t correctly detect the UL transmission either. The occurrence of such problem should be avoided, otherwise waste of radio resources may occur. 
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Method 2 has the benefit that the network triggered RA procedure on SCell to obtain the initial alignment being discussed currently in RAN2 can be reused, so no much work load would be expected. When the network is uncertain about the UL timing for the SCell, an RA procedure on the SCell can be triggered, and the UL timing can be aligned. But it is questionable at which time of point the eNB should trigger RA procedure on the SCell, after losing UL synch or before losing UL synch just for prediction. If it is the former case, there may be interference to other UEs before the RA procedure is triggered. If it is the latter case, it is required that the eNB should trigger the RA procedure timely. But it still has the risk that the UL synch has been lost before the RA procedure is triggered. Another problem with this method is that the UL QoS may be impact since PUSCH transmission on the SCell needs to be stopped when the RA procedure is ongoing. The problem may be even worse when there is no dedicated preamble available and contention based RA procedure needs to be performed if RAN2 would agree to support it on SCell, or UE has to wait until there is dedicated preamble available. 
Method 3 has the benefit that TAG change for the SCell can be performed timely and accurately based on the UE assistant information provided. But the drawback is that the UE has to perform measurement/reporting which doesn’t exist in Rel-10. Therefore additional standardization effort will be introduced in RAN1, RAN2, and RAN4. 
Based on the comparison, we prefer the TAG change should be performed based on UE assistant information provided to the network.
Proposal 4: The TAG change should be performed based on UE assistant information. 
2.4 UE assistant information

The DL reception timing different between different serving cells is considered as a candidate for UE assistant information. According to the equation in [1], following equation can be derived:
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It can be interpreted as the TA value difference between different serving cells can be derived through the DL reception timing difference 
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. As defined in TS 36.104, the maximum TAE is 130 ns (~ 4Ts) for intra-band contiguous carrier aggregation, and 1.3 μs (~ 40Ts) for inter-band carrier aggregation, which is about two TA steps considering the step size of TA command is 0.52μs. 
With this method, the UE only needs to measure/report the DL reception timing difference between PCell and SCell. Take Figure 1 for example, when the UE moves from position A to position B, the DL reception timing difference between F1 and F2 becomes larger. When the difference reached to certain threshold, the UE can report such value to the eNB. The eNB can be aware that the propagation environment between the two serving cells is too different to keep them in the same TA group. 
Proposal 5: DL reception timing difference between PCell and SCell can be considered as a candidate for UE assistant information.

3 Conclusion
In this contribution, we discuss the issues related to TA group management. Following proposals are provided:

Proposal 1: If the network has the knowledge about the deployment, multiple TA should be initially configured together with the semi-static TAG configuration. 

Proposal 2: If the SCell is re-grouped to a TAG without UL time alignment for the TAG available, an RA procedure needs to be triggered by the network.

Proposal 3: If the SCell is re-grouped to a TAG with UL time alignment for the TAG available, no RA procedure needs to be triggered by the network.
Proposal 4: The TAG change should be performed based on UE assistant information. 

Proposal 5: DL reception timing difference between PCell and SCell can be considered as a candidate for UE assistant information.
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