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1 Introduction
In RAN1 #68, the following agreements have been made for simultaneous transmission of multiple UL channels/signals with multi-TA [1], and an LS [2] is sent to RAN4 to ask whether the partial symbol overlapping can be handled within the transient period.
· Conclusions for behaviour when power-limited:
· 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 

As it is indicated in the RAN4 reply LS [3], the UE transmission power may not exceed Pcmax in any period including the transient period. Based on the response from RAN4 and further discussion in RAN1 #69 [4], RAN1 intends to include a sentence in the RAN1 specifications roughly as follows for the partial overlapping of PUCCH/PUSCH and PUSCH. In addition, an LS [5] is sent to RAN4 to indicate the discussion in RAN1#69 and ask RAN4 to consider adjusting the currently defined transient period so as to cover the partial overlapping period during which UE power adjustment is applied.
· The UE shall adjust the transmission power, so that the UE does not exceed the maximum transmission power Pcmax for the part of the subframes that partly overlap between different Timing Advanced Groups.
Thus, if RAN4 decides to change the transient period accordingly, no RAN1 specification changes in addition to the sentence above are required. Otherwise, power scaling for simultaneous transmission of UL channels/signals with multi-TA shall be specified in RAN1 in case of power limitation. In this contribution, we discuss the UL transmission methods with multi-TA for PUSCH/PUCCH/PRACH in Rel-11.
2 PRACH+PUCCH/PUSCH with full overlapping

As it was agreed in RAN1#68, a PRACH on one SCell in one TA group and PUCCH/PUSCH on other Cell(s) in other TA group(s) in the same subframe is supported for multi-TA configured UEs, as shown in Figure1. In case of power limitation, the PRACH has highest priority during power scaling. Hence, the power scaling for PRACH and PUCCH/PUSCH simultaneous transmission in one subframe shall be described as follows:
· For PUCCH:

If the UE has simultaneous PRACH on serving cell c1 and PUCCH on the primary cell, and the total transmit power of the UE would exceed 
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· For PUSCH:

If the UE has simultaneous PRACH on serving cell c1 and PUSCH on other serving cell(s), and the total transmit power of the UE would exceed 
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 in subframe i to satisfy the following condition:
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If the UE has simultaneous PRACH on serving cell c1 and PUSCH with UCI on serving cell c2 and PUSCH without UCI on other serving cell(s), and the total transmit power of the UE would exceed 
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 in subframe i to satisfy the following conditions:
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If the UE has simultaneous PRACH on serving cell c1 and PUCCH on the primary cell and PUSCH on other serving cell(s), and the total transmit power of the UE would exceed 
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 in subframe i to satisfy the following conditions:
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If the UE has simultaneous PRACH on serving cell c1 and PUCCH on the primary cell and PUSCH with UCI on serving cell c2 and PUSCH without UCI on other serving cell(s), and the total transmit power of the UE would exceed 
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 in subframe i to satisfy the following conditions:
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Figure 1: PRACH and PUCCH/PUSCH with full overlapping
3 PRACH/PUSCH+PUCCH/PUSCH with partial overlapping
As it was discussed in RAN1#69, the max partial overlapping is about 30s for the multi-TA scenario, which cannot be covered by the current transient period definition in RAN4 specification [6]. Hence, in case RAN4 will not adjust the transient period accordingly, some mechanism to deal with the partial overlapping shall be included in RAN1 specifications to ensure UE transmission power may not exceed Pcmax in any period.
3.1 Power scaling methods with partial overlapping

The following two power scaling methods can be considered for simultaneous transmission of UL channels in contiguous subframes due to multi-TA.
· Alt 1: Same power scaling is applied to a complete subframe by taking into account the transmit power of UL channels (including PRACH/PUSCH/PUCCH) in the previous/subsequent subframe overlapping with the UL channels in the current subframe.
· Alt 2: Different power scalings are applied to different time periods in the current subframe with different UL channels overlapping. 
For Alt1, the detail power scaling can be operated either as the following steps or as a reverse order of the following steps:

· Step1: For the UL channels in the current subframe with partial overlapped symbols, such as PUCCH and PUSCH in TA goup1 as shown in Figure 2, if the total transmit power of these UL channels in the current subframe and the overlapped UL channels in the previous/subsequent subframe would exceed Pcmax, power scaling methods as described in section 2 shall be reused for all symbols in these UL channels in the current subframe by using 
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is the total transmit power of the overlapped UL channels in the subsequent subframe.
· Step2: For all UL channels in the current subframe, based on the transmit power after power scaling in the previous step, if the total transmit power of the UL channels in the current subframe would exceed Pcmax, power scaling methods as described in section 2 shall be reused for all symbols in these UL channels in the current subframe.
For Alt2, the transmission time of different UL channels in the current subframe shall be divided into multiple time periods, each having a different UL channels overlapping as shown in Figure 2. For each time period, the detail power scaling can be operated either as follows:

· For a time period with partial overlapped symbols, such as t1 and t3 in Figure 1, if the total transmit power of the UL channels included in this time period would exceed the Pcmax, power scaling methods as described in section 2 shall be reused for the partial overlapped symbol of the UL channels in the current subframe by using 
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· For a time period without partial overlapped symbols, such as t2 in Figure 1, can be considered as a full overlapping case, i.e, if the total transmit power of the UL channels included in the period of time would exceed Pcmax, power scaling methods as described in section 2 shall be reused for symbols in the current time period of the UL channels.
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Figure 2: Power scaling for UL channels simultaneous transmission in contiguous subframes
3.2 UL transmission methods to avoid partial overlapping

Generally, as the partial overlapping period will not exceed one SC-FDMA symbol, it is possible to reserve (i.e. not to use) one SC-FDMA symbol in PUCCH/PUSCH to avoid the overlapping of UL channels in a previous/subsequent subframe, which simplifies the power scaling design due to multi-TA. The following two methods can be considered.
· Alt 3: The first SC-FDMA symbol in a subframe is reserved, as shown in Figure 3

[image: image34.emf]Subframe i+1

CC1

CC2

Subframe i

PUCCH

PUSCH

Subframe i-1

TA 

group1

Subframe i+1 Subframe i Subframe i-1

TA 

group2

PUCCH

PUSCH

One SC-FDMA symbol

PUSCH


Figure 3: Reservation with the first SC-FDMA
· Alt 4: The last SC-FDMA symbol in a subframe is reserved, as shown in Figure 4
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Figure 4: Reservation with the last SC-FDMA
3.3 Comparisons
In this section, we compare Alternatives 1 – 4. 
Alt1 is a simple solution from the power scaling design as well as the RAN4 testability perspective. The main drawback is that the transmit power of the complete subframe shall be reduced simply because there is a small time period where the total UE transmit power would exceed its maximum value.
Alt2 is an improved approach compared to Alt1, in the sense that power scaling is applied only to the time periods where the total UE transmit power would exceed its maximum value. However, applying different transmit power in different time periods would not be applicable to 16QAM and 64QAM, and may destroy the orthogonality of PUCCH. In addition, if the partial overlapping time duration is short, it is difficult for RAN4 to design the corresponding testing cases.
Alt3 avoids partial overlapping by reserving the first SC-FDMA symbol. Although power scaling can be simplified, Alt3 requires other specification work. For example, in non-SRS subframes, PUCCH formats with the first SC-FDMA symbol reserved shall be defined for Alt3, i.e. shortened PUCCH formats for the first slot, and PUSCH rate-matching based on reserving the first SC-FDMA symbol shall be defined for Alt3. In cell-specific SRS subframes, PUCCH formats with the first and the last SC-FDMA symbols reserved shall be defined for Alt3, i.e. shortened PUCCH formats for both slots, and PUSCH rate-matching based on reserving the first and the last SC-FDMA symbols shall be defined for Alt3.

Alt4 also avoids partial overlapping by reserving the last SC-FDMA symbol. However, with Alt4, SRS cannot be transmitted unless SRS is not overlapped with PUCCH/PUSCH/PRACH on other serving cell (s) and there is no transmission in the subsequent subframe on other serving cell (s) with larger TA. That is, scheduling restriction shall be introduced to eNB in case of SRS transmission.
Given the above analysis, our current preference is Alt1 considering the tradeoff of performance, specification impact, and RAN4 testability. Hence, we have the following proposal:

Proposal: For power scaling with partial overlapping due to multiple timing advances, same power scaling is applied to a complete subframe by taking into account the transmit power of UL channels in the previous/subsequent subframe overlapping with the UL channels in the current subframe.
4 Conclusions
In this contribution, we discuss the power scaling methods for the simultaneous transmission of PUSCH/PUCCH/PRACH with multi-TA in Rel-11, with the following proposal:
Proposal: For power scaling with partial overlapping due to multiple timing advances, same power scaling is applied to a complete subframe by taking into account the transmit power of UL channels in the previous/subsequent subframe overlapping with the UL channels in the current subframe.
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