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1 Introduction
In Rel-10 carrier aggregation, all the UL serving cells are time synchronized, and the PCell timing is used as the reference. In order to accommodate non-co-located UL serving cells in Rel-11, RAN2 has agreed to adopt multiple TA groups. TA commands are sent to the UE separately for different TA groups, and the UL transmission timings are maintained independently for different TA groups.
In this contribution, we discuss some RAN1 issues related to these decisions:

1. In determining and maintaining the UL transmission timing in Rel-10, PCell DL timing is used as the reference timing to (1) determine the initial transmission timing for RACH; (2) perform UE autonomous timing adjustment when TA commands are not received. With multiple TA groups, it is no longer appropriate to use the PCell DL timing as the reference for all the TA groups. We propose corresponding text changes for TS 36.213.
2. In order to support multiple TA, RAN2 has agreed to support network initiated RACH for SCell via PDCCH orders. This means that there could be simultaneous transmission of PRACH on an SCell and PUSCH/PUCCH/SRS on PCell or PUSCH/SRS on other SCells. RAN1 would need to address the power scaling issue when the situation occurs and the total maximum transmit power would be exceeded.
2 DL Reference Timing
Multiple TA groups are introduced in Rel-11 to handle the different propagation delays from non-co-located UL serving cells. The design principle used in Rel-10 for a single TA group can be extended to support multiple TA groups.
In Rel-10, the PCell is used as the sole DL reference timing to determine and maintain the UL transmission timing.

· The initial UL transmission timing on RACH is determined based on the DL reference timing, with initial NTA = 0.
· The UE autonomous adjustment of UL transmission timing based on DL timing is specified in TS36.133 Section 7.1, as follows:

The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell
Also, TS 36.213 Section 4.2.3, states:
If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in [10], the UE changes NTA accordingly.

Since the propagation delays are different from serving cells within different TA groups, it is no longer appropriate to use the PCell DL timing as the reference for all the TA groups. But the principle can be easily extended to support multiple TA groups. For the TA group containing the PCell, all the operations remain the same. For a TA group not containing the PCell, one DL SCell can be selected from the TA group to serve as the DL timing reference, and the selection can be signaled to UE via higher layer signaling. 
It can occur that the signal of the reference DL SCell becomes weak and the DL timing estimate is no longer considered reliable. In this case, the UE should stop the autonomous timing adjustment based on the potentially inaccurate information. However, it is RAN4’s responsibility to define the monitoring procedure for the reference SCell and the UE autonomous behavior. Some related discussions on DL reference timing are also provided in [2].
Observation 1: For a TA group not containing the PCell, the PCell should not serve as the DL reference timing for UL transmission timing. Instead, one DL SCell from the TA group should be selected and can be indicated by higher layer signalling.
Observation 2: RAN4 should define the UE autonomous uplink timing adjustment behavior when the downlink timing estimate of the reference cell becomes unreliable.
Given these observations, we propose the text change needed for TS 36.213 to reflect the additional DL reference timing and the multiple TA groups in the Appendix. Note that it adds the reference to TS 36.133, which also expects some text change due to the same issue. The companion text change proposal for TS 36.133 can be found in [3].
3 Power Scaling with PRACH on SCell
In order to support multiple TA, RAN2 has agreed to support network initiated RACH for SCell via PDCCH order. Therefore, there could be simultaneous transmissions of PRACH on an SCell and PUSCH/PUCCH/SRS on PCell or PUSCH/SRS on other SCells. The immediate question is, how to scale down the power if the total power of the simultaneous transmissions would exceed the total maximum transmit power, and what priority should be given to PRACH on an SCell.

PRACH can be initiated only for an activated SCell, and the PRACH procedure will bring the SCell UL in-sync so that the UE can transmit data on the SCell UL. There are two main motivations for the eNB to initiate a PDCCH order to trigger PRACH on an SCell: (1) heavy UL data traffic; (2) RF condition on SCell becomes better than that on PCell.
The following are the two main options for the power scaling:
1. PRACH on SCell has the lowest priority

The arguments supporting this option include:
· Since the UE is already power limited, it may not be very beneficial to bring up additional SCell(s) for UL transmission.

· For the cases when the RF condition on SCell becomes much better than that on PCell, the eNB can choose to switch the PCell to be the SCell with the better RF, instead of having more carriers for UL transmission.

· The eNB has full control of when to initiate the PRACH and when to schedule the PUSCH, and it also has full knowledge of PUCCH and SRS configurations. Therefore, the eNB can avoid the simultaneous transmissions if it really wants to.

However, this would put additional burden on the eNB’s scheduler to decide when/how to avoid simultaneous transmissions when scheduling.

2. PRACH on SCell with higher priority than PUSCH/SRS on PCell and other SCells (but PRACH on SCell may have lower priority than PUCCH on PCell) 

It is the eNB’s decision to initiate PRACH on SCell. So it means that the eNB has determined (for whatever reason) that it is beneficial to have the additional SCell for UL transmission. Therefore, it makes sense to have the UE support the eNB’s decision and give PRACH higher priority. The exception would be PUCCH. We may still want to give PUCCH higher priority because it carries some important control information.

This certainly assumes that eNB makes the right decision. Indeed, the eNB has all the information needed (power headroom, control channel/signaling configuration, buffer status report, etc.) in order to make the right decision.

Given the discussions, both options would work well, as long as necessary care is taken in the implementation.

An additional consideration for PRACH power scaling is that the PRACH preamble can span across more than one subframe, depending on the PRACH configuration. Therefore, PRACH can overlap with different channels at different times during its entire duration. For example. it can overlap with PUCCH in the first subframe, but overlap with PUSCH in the second subframe. As long as the PRACH is not given the highest priority, the situation can arise that the power remaining from other higher priority channels is different during the preamble duration. This issue needs to be taken into account when deciding the power scaling scheme.
4 Conclusion
We discussed two issues associated with multiple TA groups in Rel-11: additional DL reference timing and the power scaling with PRACH on SCell.
Based on the observations, we propose a text change for TS 36.213 to support the multiple TA groups and additional DL reference timing. 
Two options for the power scaling with PRACH on SCell were also discussed:

1. PRACH on SCell with the lowest priority

2. PRACH on SCell with higher priority than PUSCH/SRS on PCell and other SCells (but PRACH on SCell may have lower priority than PUCCH on PCell) 

Both are considered as valid options.
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Appendix : Text Change Proposal for TS 36.213

4.2.3
Transmission timing adjustments

Upon reception of a timing advance command for the TA group containing the primary cell, the UE shall adjust its uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell. The timing advance command indicates the change of the uplink timing of the TA group relative to the current uplink timing of the TA group as multiples of 16
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. The start timing of the random access preamble is specified in [3]. The UL transmission timing for PUSCH/SRS of a secondary cell within the same TA group as the primary cell is the same as the primary cell.

The UL transmission timing for all the secondary cells within a TA group not containing the primary cell is the same. Upon reception of a timing advance command for a TA group not containing the primary cell, the UE shall adjust its uplink transmission timing for PUSCH/SRS of all the secondary cells in the TA group. The timing advance command indicates the change of the uplink timing of the TA group relative to the current uplink timing of the TA group as multiples of 16
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. The start timing of the random access preamble is specified in [3].
In case of random access response, 11-bit timing advance command [8], TA,  indicates NTA values by index values of  TA = 0, 1, 2, ..., 1282, where an amount of the time alignment is given by NTA = TA (16. NTA is defined in [3]. NTA is maintained on a per-TA-group basis.
In other cases, a 6-bit timing advance command [8], TA, for a TA group indicates adjustment of the current NTA value for the TA group, NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where NTA,new = NTA,old + (TA (31)(16. Here, adjustment of NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.
For a timing advance command received on subframe n, the corresponding adjustment of the timing shall apply from the beginning of subframe n+6. When the UE’s uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the UE shall transmit complete subframe n and not transmit the overlapped part of subframe n+1.
For each TA group, Iif the received reference downlink timing (as defined in [10]) changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in [10], the UE changes NTA of the TA group accordingly.
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