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1
Introduction
In Rel-10, a single UL timing advance (TA) group is supported for UE in carrier aggregation (CA).  UL transmission timing is thus synchronous across all the UL component carriers (CCs) in CA at the UE. In Rel-11, two TA groups are supported, which may cause non-synchronous UL transmission timing across CCs in CA.  In this paper, we share our views on power control aspects of multi-TA operation in Rel-11.
2
Discussion
In [6], a response LS was received from RAN4, which stated the following: 

Question 2: How would the transient period be defined when there are multiple TAGs? If the UE transmission power during the partial overlap exceeds Pcmax, would the transmit power of Cell1 in duration (A) or Cell2 in duration (B) in the figure be affected?
Answer 2: RAN WG4 has not considered modifying the transient period definitions because of multiple TAGs. As was indicated in answer 1 UE must comply with regulatory requirements. If UE transmission power during measurement period exceeds Pcmax then requirements cannot be guaranteed therefore UE may adjust its transmissions. This adjustment would affect transmit powers in Cell1 or Cell2 or both.

Interpretation of the LS: Considering the case shown in Figure 1 below, we can establish, based on the LS [6], that there is no transient period at the time shown in red in Figure 1. We assume that this can only mean that there is no power change at the time shown in red in Cell 1, since there must be a transient period correponding to every power change.  This would mean that there is a single ‘per-subframe’ scaling applied by the UE and also that the signal in different segments of a subframe cannot be scaled differently in a given CC by the UE. 
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Figure 1  Overlap cases with maximum UL timing difference (based on [4])
When considering Figure 2, the consequence of the LS [6] will be one of two possibilities:

1. Assume that both the PUCCH and PUSCH is power controlled to 23dBm.  Also assume that due to the overlap and the single per-subframe scaling suggested by [6], the PUSCH is dropped by the UE in subframe n in Figure 2. In order to do this, the UE has to determine subframe scaling based on power conditions one subframe into the future. In other words, the power setting has to be determined before the boundary between subframes n-1 and n based on the conditions that will occur at the boundary between subframes n and n+1.  A similar requirement was deemed undesirable and decided against in RAN1 for the case of PRACH spanning two subframes. 
2. Assume that both the PUCCH and PUSCH is power controlled to 23dBm.  Also assume that due to the overlap and the single per-subframe scaling suggested by [6], the PUCCH is dropped by the UE in subframe n+1 in Figure 2. This is also undesirable as it is against already accepted principles. 
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Figure 2  Overlap case with PUSCH and PUCCH
As mentioned, both the above solutions were discussed before in RAN1 in other context and both solutions were discarded.  
Therefore, the only way to comply with the requirement presented by the RAN4 LS [6] is to reduce the maximum allowed UL timing offset between UL CCs to no more than 20µs.  

Alternatively, if the above interpretation of [6] is not the common understanding, we suggest that a response LS should be sent to RAN4 for further clarification.   

2.1
Description of overlap cases

In Rel-10, a UE can be configured for CA with 2 or more component carriers (CC), one of which is configured as the primary CC (PCC), and the remaining CCs are designated as the secondary CCs (SCC). A single UL timing advance group is supported. That is, all UL CCs follow the same single group of TA commands, such that UL transmission timing is the same for all UL CCs in CA at the UE side. 

In Rel-10, SRS does not co-exist with PUCCH or PUSCH in the same symbol, regardless of whether SRS and PUCCH/PUSCH belong to the same CC or different CCs. In case of power limitation, power prioritization is performed as follows:
· Between PUCCH and PUSCH

· PUCCH is given highest priority, PUSCH with UCI (uplink control information) is given the 2nd highest priority, while the remaining PUSCHs (without UCI) have equal power scaling

· Between SRSs on different CCs

· Equal power scaling

Note that by design, there is no interaction between PUCCH/PUSCH and SRS in terms of power prioritization. 

In Rel-11, two TA groups are supported, as illustrated below:
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Figure 3 Illustration of two TA groups for CA in Rel-11

Due to the separate management of UL transmission timing of the two TA groups, it is thus possible that the UL transmission timing can be different for the two TA groups [1].  Under the multi-TA group operation, even if shortened PUCCH formats and cell-specific SRS subframes are configured, SRS may still collide with PUCCH and/or PUSCH transmissions, as shown below:
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In RAN1#68, in case of power limitation, the following was agreed:

· Partial overlap between:
· SRS+PUCCH/PUSCH/PRACH
· drop SRS
· PUSCH+PUCCH/PUSCH

· TBD

· PRACH on SCell + PUCCH/PUSCH

· TBD

· Full overlap between:
· PRACH on SCell and SRS 

· drop SRS

· PRACH on SCell and PUCCH/PUSCH

· PRACH>everything else

It remains open on how to handle power prioritization for the case of PUSCH + PUCCH/PUSCH, and for the case of PRACH on Scell and PUCCH/PUSCH on a different TA group. Due to transmission timing difference, ideally power prioritization has to take into account the transmit power of current and next subframes. However, this would result in additional complexity in both standardization and implementation. For simplicity, power prioritization should still be specified, if necessary, on a per subframe basis. Moreover, such partial overlap can be naturally absorbed by the existing transient period (with possible extension, see details below).  The transmit power of the fraction of a symbol under partial collision can be left to implementation. 
It is also not necessary to explicitly enforce the same transmission power over the entire subframe for an UL channel. For PUSCH/PUCCH, power variations (ramping) already exist within the symbols for PUSCH/PUCCH in a subframe in Rel-8 when adjacent symbols contain both PUSCH/PUCCH and SRS, since these channels may be transmitted with different power levels and ramping also exists when the same channel is transmitted but power control change occurs.  It is not necessary to modify the transmission power definition in any symbol in which the subframe boundaries do not overlap due to power conditions in another symbol in which overlap occurs.
The power ramp requirements for cases of power changes are shown in Figure 3 below.  Whenever there is a power or frequency allocation change across subframes or across slots, there is a 40 µs transition period in which there is neither UE Tx power accuracy or signal quality (error vector magnitude) requirement. In RAN1#68, it was agreed that in case of partial symbol overlap arising from different TAs in different TA groups, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TA groups . With such a reasonably small limit on the UL subframe time offset, the mechanism of the currently defined transition period can be simply extended to solve the problem of overlapping UL subframes.  With this solution, the loss is expected to be smaller than by modifying the Tx power for the whole subframe or slot and incurring the resulting power control error. 
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Figure 5 Transient periods for general UL Tx power changes [3]
Note that when SRS is transmitted, there is almost always frequency or power change before and after the SRS symbol. For these cases, the power transition period is specified [3] to be outside of the SRS symbol as shown in Figure 4.  The same principle can be applied for the cases where the partial overlap for SRS occurs. This means that the proper power scaling is applied in the duration of the SRS symbol and the transmission power in the preceding and following 40 us transition periods is not defined. 
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Figure 6 Transient periods for UL Tx power changes involving SRS [3] 

2.2
Evaluation of overlap cases

In the LS [4] sent to RAN4, the case shown in Figure 7 was given as example. 
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Figure 7  Overlap cases with maximum UL timing difference (copied from [4])
Following Figure 7, the arguably worst case is when a PUCCH transmission would be followed by no transmission to Cell 2, while Cell 1 has continuous transmission and the UL timing for Cell 1 is ahead of that for Cell 2. This scenario is repeated in Figure 8 with additionally showing a hypothetical interfering UE also transmitting PUCCH to Cell 2 at the same time. 
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Figure 8  PUCCH operation under overlap cases with maximum UL timing difference

In the case shown in Figure 8, PUCCH transmission for Cell 2 overlaps with PUSCH transmission for Cell 1. It is assumed that on Cell 2, DTX follows the PUCCH transmission (therefore in a non-CA scenario, for example, there would not be PUCCH transition period within subframe n+1 at the end of the subframe). 

In this case, it may be argued that PUCCH transmission should be prioritized even within the overlapping periods in order to maintain orthogonality among PUCCH of the target UE and the other PUCCH transmissions multiplexed in the same RB. Such specification would increase the UE power control complexity and would provide negligible benefits as discussed below. 
We can consider three different cases: 

1.  The eNB *cannot* assume that the interfering UE transmits the complete subframe uninterrupted by transient periods:  This case is depicted in Figure 6.  Since in the last 20µs the orthogonality is already lost in this case, it would not seem to matter if there is an overlap or not.  In the case of cyclic shift separation and strong CDM’d interferers, it is anyhow more beneficial to drop the last symbol of the subframe altogether. 

2. The eNB *can* assume that the interfering UE’s transmission is uninterrupted by transient periods:  In this case, the eNB can just treat the target UE behavior as if it was also transmitting uninterrupted.  This means that the eNB performs signal correlation for the full subframe even though the target signal doesn’t occupy the full subframe. This moderately reduces the signal SNR, compared to what it could be with no interferer, but the orthogonality with the interferer is ensured, which optimizes overall SNR when a strong interferer is present.  Note that maintaining orthogonality is most important when receiving a weak signal in the presence of a strong interferer and in this case the small SNR loss due to the full integration is not a significant factor. With this, the original concern regarding the PUCCH orthogonality loss is a non-issue. 
3.  The eNB does not have information available to distinguish cases 1 and 2 above, or it does not have an algorithm implemented to differentiate between the two cases:  This may be the typical case.  In this case, the eNB behavior should fall back to case 1. 
Based on the above consideration, there is no further loss of orthogonality if the UE behavior in the overlapping periods is left implementation dependent; therefore adding new requirements is not warranted.  
3
Conclusions 

In this contribution, we discussed some issues related to power control under multi-TA group for CA in Rel-11. In particular, we propose:
· The interpretation of [6] is that there is a single ‘per-subframe’ scaling applied by the UE and also that the signal in different segments of a subframe cannot be scaled differently in a given CC by the UE.

· Due to the above interpretation and the problems described in section 2, the only way to comply with the requirement presented by the RAN4 LS [6] is to reduce the maximum allowed UL timing offset between UL CCs to no more than 20µs.  
· Alternatively, if the the maximum allowed UL timing offset between UL CCs is kept at more than 20µs, it is preferable to simplify the power prioritization by considering only one subframe, and to leave the remaining for implementation.  In this case, a repsonse LS should be sent to RAN4 for further clarification. 
References
[1] R1-120538, “On the maximum allowed timing offset”,
Qualcomm Inc.
[2] R1-120539, “SRS operation in multiple TA offset CA”, Qualcomm Inc.
[3] TS36.101 User Equipment (UE) radio transmission and reception (Release 10)
[4] R1-120946, “LS on simultaneous transmission of PUSCH/PUCCH/SRS for multiple TA”, RAN1, Panasonic

[5] R1-121551, “Power control aspects of multiple TA operation”, Qualcomm Inc.
[6] R1-121908, (R4-122226 ), “Reply LS on simultaneous transmission of PUSCH/PUCCH/SRS for multiple TA”, RAN4, Nokia
Cell 1 (TAG1)





Cell 2 (TAG2)





20µs





20µs





20µs





20µs





Timing difference �(up to approx. 30µs)





Transient period





Partial overlap duration





Subframe n





Subframe n+1





Duration (B)





Duration (A)





20µs





(No transmission)





PCell (TAG1)





SCell (TAG2)





20µs





Timing difference �(up to approx. 30µs)





Transient period





Partial overlap duration





Subframe n





Subframe n+1





20µs





(No transmission)





PUSCH





PUCCH





(No transmission)





(No transmission)





(No transmission)





Figure � SEQ Figure \* ARABIC �4� Illustration of partial SRS collision with PUCCH/PUSCH under multi-TA
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