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1. Introduction

It was agreed in the last meeting that TA group reconfiguration shall be supported except for PCell. Furthermore, RAN 2 also agreed that there is one TAT per group and different TAT value can be used for each group.
In this contribution, we further look into where TA group ID is configured and reconfigured.
2. Discussion
In the RAN2#75 meeting, the following signaling options for TA group reconfiguration were discussed: by RRC during SCell configuration or MAC during MAC activation Command. Before looking on which MAC or RRC message, we first compare the advantages and disadvantages on MAC vs RRC signalling:
The potential advantages of MAC level signalling: 
· Any change in TA group can be dealt with by MAC without involving RRC. If the change of TA group is a frequent event and TA group is only used by MAC function, then keeping the TA group allocation at MAC seems logical. 
· The latency of indicating the change will be shorter and thus the impact to the UL interference in the cell will be smaller. 
The disadvantage of MAC level signalling:

· The delivery of the TA group configuration would be less reliable as it does not have RLC retransmission and less secure as MAC CE is not integrity protected and ciphered. 
· Adding TA group configuration (i.e. TA group ID and possibly TAT) may require a new MAC CE format (e.g. how to indicate the TAGID of a particular cell in the MAC CE containing also the activation status of each cell etc.).

 

The advantage of RRC level signalling: 

· Deployment characteristics are known the eNB in majority of the cases and eNB can pre-determine the TA group via OAM. Also, TA group change is most likely a rare event (only when the UE enters or leaves repeater coverage) and if the repeaters are only deployed for coverage purpose. RRC signalling is typically used for such configuration

· It is also more reliable because of RLC and more secure. 
· Adding of TAT configuration (TAG ID and TAT value) is quite straightforward for RRC. 
The disadvantage of RRC level signalling:

· The latency of indicating the change will be slightly longer and thus the impact to the UL interference in the cell will be relatively higher.
In the following section, we study in more detail some of the potential advantages of using MAC signaling and provide our observations.

2.1 Frequent or not a frequent event?

One of the main question is how frequent is TA group change. There are 2 aspects to study:
(i) From deployment perspective, there are 2 scenarios where real TA group change will occur:

· UE enters or leave the repeater coverage
If the repeaters are widely deployed, then the TA group change may be a frequent event.

· Inter-band case of Scenario 2 and 3 in TS36.300

RAN4 [1] concluded for inter-band case of Scenario 2 and 3 that the timing difference for the strongest paths is less than 0.52 us (one timing advance step) for 97-98% of the cases and always less than 2.5 us, i.e. about 2-3% of the cases require the support of multiple TA. This seems like a rare event for TA group change.
Observation#1: From deployment perspective, TA group change may be frequent event in certain cells dependent on how widely repeaters are deployed. However, in most cells it is not expected to be frequent.
(ii) In most deployment scenarios, the eNB can assign a TA group to a SCell based on eNB knowledge of deployment characteristics and there will not be reassignment of the TA group. However in some deployment scenarios where there are e.g. uncoordinated repeaters, the eNB may not be clear on the position of the UE. In this case, from eNB implementation perspective, the eNB may assign a TA group to a SCell in the following way:

· Option 1:  Assign the SCell to an existing TA group: 
SCell is assigned an existing TA group to the best of the eNB knowledge. If eNB detects that it is not the right TA group, it may perform a TA group reconfiguration.
· Option 2: Assign the SCell to a new TA group: 
The real TA group is only assigned once the eNB knows which group the SCell should be in after calculating the TA from the RACH on the SCell which mean that every SCell is configured with RACH configuration. The TA group is then assigned after the PRACH via an explicit high level signalling.

Observation#2: There may be frequent TA group change due to TA group reassignment in some deployment scenarios (e.g. uncoordinated repeaters). However, in most cells it is not expected to be frequent.
2.2 Is TA group solely a MAC function?
Another main question is whether TA group is also needed for other RRC configurations. For each of the SCell configured by the RRC, the following dedicated configurations are also provided:
· Scheduling configuration (i.e. cross scheduling or SIB2 scheduling)

· UL power configuration (i.e. Pathloss reference)
· Timing configuration
At least in Rel-10, the pathloss reference and the timing reference are explicitly or implicitly configured by the RRC and both depend on the propagation path like the TA group. 
For the pathloss reference, the RRC can configure a SCell either with a PCell or SIB2-linked in Rel-10. So if PCell is used as a pathloss reference for a SCell with multiple TA (e.g. repeater), when it enters the multiple TA coverage (e.g. repeater coverage) from the main macro cell coverage, the RRC needs to be informed that the SCell cannot use the PCell as the pathloss reference because the TA group has changed from the TA group containing the PCell to a new TA group. Likewise, new pathloss reference (e.g. SCell) may also be included for the TA group containing only the SCell (e.g. in the case of HetNet). In that case, when the UE moves from the multiple TA coverage back to the main coverage, the RRC needs to know as well.
For the timing reference, it is implicitly configured for a SCell that the timing reference is the PCell in Rel-10. If RRC is used to indicate the timing reference for SCell in the TA group containing only SCells, whenever there is a change in the TA group for a SCell, the RRC needs to know the new TA group and change the timing reference accordingly for the SCell. 
The pathloss and timing references for SCell group are further discussed in [1] and [2].
Observation#3: RRC needs to know the TA group possibly for configuration of the pathloss and timing reference.  Hence it is likely that an RRC reconfiguration message for these would be needed after the eNB determines the TA group for the Scell unless both these reconfigurations are also allowed using MAC.
Also in Rel-10, RACH configuration is not present for SCell in the FDD case for the PCell TA group. If this is still maintained, then the RRC needs to know that a SCell has moved in/out of the PCell TA group so that it can configure/release the RACH configuration to the SCell. Alternative is to change the Rel-10 behaviour to always include the RACH configuration for FDD SCell in the PCell and SCell TA group.
2.3 Improved latency using MAC

Furthermore, it is also unclear how much gain can be achieved with using MAC on reducing the UL interference due to shorter latency of using MAC to change TA group. For MAC activation (if it is used for assigning the TA group), there is a minimum processing requirement of 8ms to decode MAC activation or apply the actions associated with MAC activation as indicated in TS36.213/TS36.312. For RRC, the minimum processing requirement for RRC Reconfiguration is 15ms. There might be further delay for generating the RRC message or MAC CE at the eNB. The difference in delay seems to be not much in our view. This is also done at the expense of reliability and security.
Observation#4: The difference in delay between using MAC and RRC is probably not much but done at the expense of reliability and security.

Observation#1 and #2 just show that whether TA group reconfiguration is or is not a frequent event depends largely on the way the repeater is deployed and the way eNB implement the assignment of TA group. However, in most cells it is not expected to be frequent event, Observation#4 shows that the delay difference between using MAC and RRC is probably not much based on the current message processing timing point of view. The only observation we think is the decisive factor is Observation#3.  Since pathloss and timing references are required to be configured by RRC [1], RRC shall be the place for TA group allocation and reconfiguration. Hence it is proposed:
Proposal#1: Since pathloss reference and timing reference are required to be configured by RRC, RRC shall allocate the TA group of a SCell 
3. The use of RAR for assigning TA group
RAR approach has been proposed [3] in the last meeting. In most cases, the eNB knows the deployment characeristics and should be able to assign the TA group without RACH, Hence the RAR approach is not efficient as an alternative for TA group signaling in these cases. It seems unreasonable that RACH will need to be performed for every SCell configuration and TA group change even though the eNB knows the deployment characteristics. Alternative is to make presumption on the TA group of a SCell (e.g. PCell TA group) and then perform TA group reconfiguration if it is in the wrong TA group. Depending on the number of possible TA groups, this may result in more reassignment of TA group.
However, in some rare cases, eNB might not know the deployment characteristics (e.g. uncoordinated repeater etc.). Using the MAC CE or RRC signaling approach may require an additional TA group reconfiguration signaling.  In this case it may be beneficial for the eNB to be able to assign TA group directly during RAR. It is proposed to discuss whether this is sufficient justification to add the method of TA group assignment with RAR in such cases.
Proposal#2: It is proposed to discuss whether this is sufficient benefit to add the method of TA group assignment with RAR for the cases where eNB does not know the deployment characteristics.
4. Summary

It is requested that RAN2 discuss the proposal/observations:

Observation#1: From deployment perspective, TA group change may be frequent event in certain cells dependent on how widely repeaters are deployed. However, in most cells it is not expected to be frequent.
Observation#2: There may be frequent TA group change due to TA group reassignment in some deployment scenarios (e.g. uncoordinated repeaters). However, in most cells it is not expected to be frequent.
Observation#3: RRC needs to know the TA group possibly for configuration of the pathloss and timing reference.  Hence it is likely that an RRC reconfiguration message for these would be needed after the eNB determines the TA group for the Scell.
Observation#4: The difference in delay between using MAC and RRC is probably not much but done at the expense of reliability and security.

Proposal#1: Since pathloss reference and timing reference are required to be configured by RRC, RRC shall allocate the TA group of a SCell
Proposal#2: It is proposed to discuss whether this is sufficient benefit to add the method of TA group assignment with RAR for the cases where eNB does not know the deployment characteristics.
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