
3GPP TSG RAN WG2 Meeting #77bis   









R2-121493
Jeju, South Korea, 26th – 30th March 2012
Agenda item:
7.1.2.2
Source:
New Postcom

Title:
Considerations on Downlink Timing reference in sTAG
Document for:
Discussion and Decision
1 Introduction

At the RAN2#76 meeting, the issue of multiple TAs for CA in Rel-11 was discussed [1]. The agreements were as follows:
	Agreement:

1. UL timing is same for all the serving cells within the group (all UL SCells transmit simultaneously)
2. There is at any point in time one DL timing reference per group which is used as reference for the TA command and to lock the UL transmission to (same as PCell for Rel-10).
3. The SCell used as downlink timing reference must be known by the network.
4. The SCell used as downlink timing reference must be in the same time alignment group. 
5. The SIB2-linked SCell where the RA was performed is used as timing reference for all UL SCells in the time alignment group. (error cases still need more discussion)


However, it was noted that error cases still need more discussion, which should be considered and resolved.
In this contribution, we analyze the issue of timing reference for sTAG in details and share our opinions in the context of Rel-11.

2 Discussion

Although RAN2 has made some agreements on downlink timing reference in sTAG, there still is something unclear. One may argue that there will be timing jump and no obvious benefit when we use SIB2-linked SCell where the RA was performed is used as timing reference for all UL SCells in the time alignment group. In the following sections, we will try to analyze these issues.
2.1 The point of timing reference alteration in time
[2] was worried about using SIB2 linked SCell as timing reference, because it may increase the complexity in implementation without any benefits in order to lock all SCells to the RA SCell. 
Actually, the benefits of using agreed rules are obvious, such as: 
When original RA SCell can not be used as timing reference cell, the behaviour is consistent and simple;
Ensure there is no difference between the managements for CA UEs and non-CA UEs，because SIB2-linked DL is workable for the all non-CA UEs;
It has superiority in overhead of signalling and complexity over the timing reference per cell.
[3] mentioned that eNB should always keep the timing reference cell active and not leave its coverage according to current agreements. If the original timing reference is invalid, eNB should initiate RACH to indicate the new timing reference cell. In some cases, eNB could expect to schedule part of SCells UL in the sTAG due to high cell load or bad channel condition. However, before sCellDeactivationTimer is overtime, at least eNB needs to schedule the timing reference cell once in order to avoid deactivating the cell. Otherwise it is necessary to trigger RACH continually。If the value of sCellDeactivationTimer is small, such as rf2, this restriction is more stringent. eNB implementation will be quite complex.
In practice, compared to the method to use activated SCell with the lowest index in the sTAG as the timing reference cell, the current way could ensure the reliability of timing reference. If we use the former method, then the new timing reference may be unreliable without consideration on the quality of the activated SCell with lowest index, which could cause some interferer at eNB, and high radio of package loss. Similarly, it is controllable for timing jump with current method as eNB can choose the SCell whose DL timing is closest to the original downlink timing reference as the new SCell on which eNB initiate RACH.
At last meeting, some companies has discussed the point of timing reference changing in time in order to keep the identical timing reference between UE and eNB. [4] puts forward that once receiving the PDCCH order, the timing reference of preamble transmission is the SIB2-linked DL of the SCell on which UE is executing RA. The vale of TA in the RAR is applicable to all of UL transmissions in this sTAG. Using the SIB2-linked DL of the SCell on which RA was performed as the timing reference. [5] thinks UE should suspend all UL transmissions in the whole sTAG when it receives RA trigger on an SCell until the RA process is completed successfully. However, these opinions do not consider how to deal with it if the RACH is not successful as well as the impacts on the system and user experience due to suspending all the UL transmissions. 
In our opinions, for the sake of simplexes and decrease the influence of system throughput and user experience, UE still use the original DL timing reference as DL timing reference and send the new UL transmission according to the original value of TA on other non-RA SCells in the sTAG after receiving PDCCH order. UE also use the original DL timing reference as the DL timing reference and add TA=0 to transmit PRACH in order to avoid using 2 downlink timing references at the same time in the same sTAG. Until receiving Msg2 successfully, UE will obtain PSS/SSS of the new RACH SCell and maintain it as the timing reference in the sTAG. In this way, there is no difference to the other non-RA SCell in sTAG even if RACH was unsuccessful since they do not update the timing reference. eNB can continue to initiate RACH on other active SCell in the sTAG.
Indeed, RAN2 has agreed to use SIB2 linked downlink as the timing reference when UE will transmit the preamble presently. However, the timing requirement on preamble transmission is rather reparative, so we could release its restriction naturally. Thus, it is expected to clarify further the current agreement.
Proposal 1: Clarify the current agreement:
UE only maintain one DL timing reference at the same time in a TAG；
the original timing reference before changing in the sTAG is used as the timing to execute RA, concretely: 
    if RA is implemented for the first time in the sTAG, the SIB2 linked DL of the SCell on which eNB initiate the RACH is used as the DL timing reference to transmit the preamble
    else, preamble is transmitted according to the original timing reference before changing
after completing RACH successfully, the SIB2 linked DL of the SCell on which RACH was just executed is the DL timing reference of this sTAG;
2.2 The cases in which changing timing reference could be demanded
Based on proposal 1, we review in which cases it may be necessary to change timing reference as well as the UE behaviours in each case one by one and give out our observations in this section.
2.2.1 RA SCell Deactivation
With regard to RA SCell deactivation, we consider both motivations below: 
Case 1-1: RA SCell deactivation due to traffic reduction 
Take the case below into account:
When the UE is at the position A: there are masses of traffic and UE aggregates Cell 1 (PCell, TAG0), Cell 2 (SCell 1, TAG1) and Cell 3 (SCell 2, TAG 1). Here the quality of signal in Cell 2 is better than that of Cell 3 because, for example, UE is closer to Cell 2. eNB initiates RACH on Cell2 by PDCCH order, which is Cell 2 DL is used as the DL timing reference in TAG1. 
When the UE is at the position B (the quality of signal of Cell 3 is better than that of Cell2): eNB has not scheduled the UE on Cell 2 for a long time due to traffic reduction, Cell 2 is deactivated by the timer or MAC CE.
In this case of RA SCell deactivation due to traffic reduction, UE shall keep on monitoring its downlink and executing corresponding RRM measurement and CQI feedback. Meanwhile the DL of this SCell is used as the timing reference in the sTAG. Until the radio link condition of this cell becomes bad, it is required to change the timing reference. 
Observation 1: In this case of RA SCell deactivation due to traffic reduction, it is better for sTAG to use the current timing without transform. 
Case 1-2: RA SCell deactivation due to bad in the radio link 
UL is good but DL becomes bad: UE detects that the quality of RA SCell DL becomes bad by MR triggered by RRM measurement events. While the radio link condition of RA SCell UL is still good, so UE can transfer RRM measurement report and CQI feedback through this RA SCell UL. When eNB receives the MR/CQI feedback indicating the quality of radio downlink becomes bad, eNB could initiate a new RA process on another SCell in the sTAG. If the RACH is completed successfully, the SCell will be used as the new timing reference. In this case, eNB will estimate whether to change the timing reference based on CQI feedback or /and measurement report. The details depend on eNB implementation. Thus, it is unnecessary for UE to be specified some special behaviours in this case. 
UL becomes bad while DL is good: Although the RA SCell DL still is good and UE is unlikely to trigger measurement reporting, eNB could deactivate this SCell as the quality of its UL is discovered to become bad. However, similar to case 1, UE could continue monitoring the SCell DL and make the corresponding RRM measurement. In this case, since eNB is aware of the link condition of this SCell entirely, it depends on eNB implementation fully whether eNB shall initiate RACH on another SCell so as to change the timing reference of sTAG as long as it detects the quality of the SCell UL becomes bad, or eNB will just change the timing reference after knowing that the quality of the SCell DL becomes bad through measurements report from UE. In this way, it is unnecessary for UE to be specified some special behaviours in this case.
Observation 2: In the case of RA SCell deactivation due to bad in the radio link, it depends on eNB implementation to determine whether and when to change the timing reference in the sTAG. 
[6] believes that eNB has to ensure RA process on the new timing reference SCell is completed successfully before the old one deactivation. Actually, deactivated SCell don not mean the UE will not maintain its downlink timing, such as PSS/SSS, so it is unnecessary to impose eNB to keep timing reference SCell active. According to the amendment of proposal 1, the deactivation of timing reference SCell due to deactivation timer, which is not expected by eNB, shall not result in any severer effect, for example, UE could not execute any UL data transmission. 
2.2.2 RA SCell re-/de-configuration
For the purpose of TAG management, it is possible for eNB to trigger RACH to check whether an SCell belongs to its current TAG. For example, there are SCell 1 and SCell 2 in sTAG 1. Now eNB adds a new SCell 3 in sTAG 1 and initiate RA process to check whether the TAG configuration about SCell 3 is correct or not. Based on proposal 1, changing timing reference SCell to this new SCell 3 if the RACH succeeds.
Consider the following instances:
Case 2-1: RACH failure on the SCell 3
Case 2-2: RACH succeeds and the configuration is proper
Case 2-3: RACH succeeds but SCell 3 should belong to sTAG 2, instead of sTAG 1
For case 2-1 and 2-2, the RA process changes the timing reference of sTAG 1, but there is no impact on the validity of the timing reference; while in the case 2-3, the result is UE is not able to carry out UL transmissions on the other SCells (1 and 2) in sTAG 1 due to timing error. Meanwhile eNB is supposed to suspend scheduling the UE UL. In order to assign SCell 3 to the right TAG, it is required for eNB to reconfigure SCell 3. Before the reconfiguration, eNB must choose another SCell (1 or 2) and trigger RACH again to guarantee the timing in sTAG 1 even if it is synchronous with the network. 
Observation 3: Based on proposal 1, in case which RACH on the SCell eNB initiates for TAG management succeeds while this SCell would not belong to its current sTAG, there are some problem that the whole sTAG can not work; 
In order to avoid case 2-3 and put no restriction on TAG management, it is expected that eNB shall take some corresponding measure and make UE consider RACH be lost when it is aware that SCell 3 should belong to sTAG 1, instead of sTAG 2. According to proposal 1, UE will still carry out UL transmissions with original timing reference. In this way, it is unnecessary to change timing reference. 
Proposal 2: When RA SCell is reconfigured due to TAG management, it is required for UE to avoid unexpected timing reference transform based on eNB implementation.
If eNB configures the RA SCell into another TAG based on eNB implementation, then:
For the sTAG to which RA SCell belonged: If this sTAG becomes empty, eNB will de-configure type-0 SRS and stop TAT and so on in the light of existing rules. If there still are other SCells in the sTAG, eNB will chose the activated one from remaining SCells to initiate PDCCH ordered RA again and use this SCell as the new timing reference cell. It is better to accomplish the entire RA process successfully before reconfiguring this RA SCell. It is easy to realize without additional action or mechanism since RA SCell deconfiguration and RACH are under the control of eNB.
For the TAG which RA SCell will enter: If this TAG (sTAG) is empty, eNB will send PDCCH order to initiate RACH on this SCell and use its SIB2-linked DL as the DL timing reference of this sTAG. Else, eNB will use the original DL timing reference, just like adding a new SCell.
With regard to sTAG in which RA SCell is deconfiguration, there are the similar considerations with the sTAG from which RA SCell is moved.
Observation 4: For the sTAG in which RA SCell is re-/de-configured, eNB will need to chose another SCell to initiate RACH again and change the timing reference of this sTAG.
Based on above analysis and observations, we think eNB is aware when to change timing reference without any additional standardization efforts.
Proposal 3: In the case that RA SCell is deactivated, whether and when to change timing reference depend on eNB implementation.
Other than radio link quality, eNB could also take the DL timing reference difference compared to original timing reference cell when it chose the new SCell to initiate RACH. Thus, the timing jump is controllable and less. 
Proposal 4: Based on eNB implementation, it is better to avoid or reduce at least the timing jump.
3 Conclusion
In this contribution, we have discussed issues for timing reference cell selection. Based on the detailed analysis are provided, these observations below have been seen:
Observation 1: In this case of RA SCell deactivation due to traffic reduction, it is better for sTAG to use the current timing without transform. 

Observation 2: In the case of RA SCell deactivation due to bad in the radio link, it depends on eNB implementation to determine whether and when to change the timing reference in the sTAG. 

Observation 3: Based on proposal 1, in case which RACH on the SCell eNB initiates for TAG management succeeds while this SCell would not belong to its current sTAG, there are some problem that the whole sTAG can not work. 

Observation 4: For the sTAG in which RA SCell is re-/de-configured, eNB will need to chose another SCell to initiate RACH again and change the timing reference of this sTAG.

Based on these observations, we suggest that following proposals are considered and agreed:
Proposal 1: Clarify the current agreement:
UE only maintain one DL timing reference at the same time in a TAG；
the original timing reference before changing in the sTAG is used as the timing to execute RA, concretely: 
    if RA is implemented for the first time in the sTAG, the SIB2 linked DL of the SCell on which eNB initiate the RACH is used as the DL timing reference to transmit the preamble
    else, preamble is transmitted according to the original timing reference before changing
after completing RACH successfully, the SIB2 linked DL of the SCell on which RACH was just executed is the DL timing reference of this sTAG.
Proposal 2：When RA SCell is reconfigured due to TAG management, it is required for UE to avoid unexpected timing reference transform based on eNB implementation.
Proposal 3: In the case that RA SCell is deactivated, whether and when to change timing reference depend on eNB implementation.
Proposal 4: Based on eNB implementation, it is better to avoid or reduce at least the timing jump.
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