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1. Introduction

Multiple TA (timing advance) is an important feature to be introduced in LTE Rel-11 to support inter-band carrier aggregation. Even though most main aspects of multiple TA for Rel-11 have been agreed on mainly in RAN2, there are still issued to be settled down in RAN1, especially in the aspects of power control and parallel transmission. In this paper, we firstly identify the remaining issues to be decided in RAN1 regarding the multiple TA operation. Then, we discuss the remaining issues and make suggestions.

2. Identification of remaining issues on multiple TA

In this section, we identify the remaining points to be decided in RAN1 regarding the multiple TA operation, based on the RAN1 agreements so far and the current status of the LTE Rel-11 draft CRs.
2.1. Parallel transmission of PRACH and PUSCH/PUCCH/SRS
In RAN1#68, the following has been agreed especially regarding parallel transmission of PRACH on an SCell and PUSCH/PUCCH/SRS in other cell(s), where the related agreements are highlighted by green [1].
	· Parallel transmission of PRACH on SCell and PUSCH/PUCCH/SRS in different TAGs should be supported at least in the non-power-limited case.
· When power-limited:
· Partial overlap between:

· 1. SRS+PUCCH/PUSCH/PRACH

· drop SRS

· 2. PUSCH+PUCCH/PUSCH
· TBD
· 3. 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


Based on the agreements above, the sentences in the following box had been captured in the draft CR for Rel-11 TS36.213 section 5.1.1.1 [2], However, the second sentence in the red brackets below was dropped during the email discussion due to the comment that this sentence may prohibit parallel transmission of PRACH and PUCCH/PUSCH in power-limited case, which was not an agreement.

	If the UE is configured with multiple TAGs, the UE shall drop SRS if SRS transmission on a serving cell coincides with PRACH transmission on a secondary serving cell in a different TAG and if the total transmission power exceeds 
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on the overlapped portion.
[If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, transmit PRACH in a secondary serving cell in parallel with PUSCH/PUCCH/SRS in a different serving cell belonging to a different TAG if its total transmission power does not exceed Pcmax on the overlapped portion.] dropped during email discussion


In addition, there was a discussion in RAN2#78 on whether to allow parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG, where RAN2 decided to put the decision up to RAN1 as follows [3].
	R2-122309
Parallel transmission in the same TAG; Huawei, HiSilicon; Disc; 

[Moved from 7.1.2.3 to 7.1.2.1]

-
DOCOMO thinks that “not allow” would be stricter than Rel-10. Panasonic also wonders why Huawei wants to forbid it and not leave it to UE implementation as for Rel-10. 

-
LG thinks that explicitly allowing introduces a power control issue. Intel shares the concern for the case that the SCells share an RF chain which is usually the case. Panasonic agrees. 

-
ALU wonders what the purpose of performing a RACH on an SCell is. Huawei thinks the question is only if it is allowed. 

-
Ericsson thinks that this is a RAN1 issue and they are discussing it. We should not discuss it here. 

=>
Will wait for RAN1. RAN2 does not see a strong motivation for supporting parallel transmission of PRACH and other UL within one TAG.


Considering the above, mainly the following three points are remaining as the details to be decided in RAN1.

(Point 1) What is the definition of “partial overlap” and “full overlap” between PRACH and PUCCH/ PUSCH/SRS? And, what is the definition of “power-limited” for the partial overlap and full overlap cases?

(Point 2) What is the UE behaviour for the cases of parallel transmission of PRACH and PUCCH/PUSCH when power-limited?
(Point 3) Whether to allow parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG or not?

2.2. Parallel transmission of SRS and PUCCH/PUSCH in different TAGs

In the following box, agreements in RAN1#68 related to parallel transmission of SRS and PUCCH/PUSCH in different TAGs are captured again, where the related agreement is highlighted by green.
	· When power-limited:
· Partial overlap between:

· 1. SRS+PUCCH/PUSCH/PRACH

· drop SRS

· 2. PUSCH+PUCCH/PUSCH
· TBD
· 3. 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


The above agreement is captured in the draft CR for Rel-11 TS36.213 section 5.1.1.1 as follows [2].
	If the UE is configured with multiple TAGs, and if the SRS transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH/PUSCH transmission on subframe 
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 for a different serving cell in another TAG the UE shall drop SRS if its total transmission power exceeds 
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on the overlapped portion.


In addition, there has been a suggestion of supporting parallel transmission of SRS and PUCCH/PUSCH in different TAGs in a same subframe [4], of which discussion is delayed to RAN1#70 meeting. Therefore, following exists as a remaining issue.

(Point 4) Whether to allow parallel transmission of SRS and PUCCH/PUSCH in different TAGs in a same subframe?

2.3. Parallel transmission of PUCCH/PUSCH and PUSCH in different TAGs

In RAN1#69, the following has been agreed regarding power control in case of parallel transmission of PUCCH/PUSCH and PUSCH in different TAGs [5]

	Send an LS to RAN4 – Suzuki / Sigen – R1-123025 – for email approval until Wednesday 30th May:

RAN1 intends to include a sentence in the RAN1 specs roughly as follows: 

"The UE shall adjust the transmission power, so that the UE does not exceed the maximum transmission power Pc_max for the part of the subframes that partly overlap between different Timing Advanced Groups."

RAN1 is still discussing whether this power adjustment should apply only to the exact overlap period or to a whole SC-FDMA symbol. If RAN4 has any guidance for the choice, please inform RAN1.

RAN1 notes that, according to current agreements, the maximum offset between TAGs may be up to 30us and therefore the period during which this UE power adjustment is applied could exceed the currently defined transient period. 

RAN1 respectfully asks RAN4 to consider adjusting the transient period accordingly. 
For RAN1 spec, consider the following until RAN1#70:

· Consider further whether a recommendation should be included as to how the UE should adjust the transmission power, e.g. “this transmission power adjustment should be applied to the PUSCH."

· Aim to specify that the power adjustment is the minimum adjustment necessary to avoid exceeding the maximum transmission power. 

· Pcmax definition – see 3023.
If RAN4 decides not to change the transient period, RAN1 will discuss again. 
Consider the following after RAN4 feedback is received:

R1-123023
Aspect of Pcmax definition from offline discussion on multiple TA
LG


Based on the agreements above, the following have been included in the draft CR for Rel-11 TS36.213 section 5.1.1.1 [2].

	If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on subframe 
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 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed 
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on the overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe 
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 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed 
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on the overlapped portion.


In the above, mainly the two points are remaining as the details to be decided in RAN1 as follows.

(Point 5) Whether to reduce PUSCH transmit power or not to define the priority in transmit power reduction in the overlap portion

(Point 6) What is the Pcmax value for the overlap portion?

3. Suggestions on the remaining issues on multiple TA

In this section, we discuss the remaining issues on multiple TA identified in the previous section and make suggestions on them.
(Point 1) What is the definition of “partial overlap” and “full overlap” between PRACH and PUCCH/ PUSCH/SRS? And, what is the definition of “power-limited” for the partial overlap and full overlap cases?
(Point 2) What is the UE behaviour when power-limited for the cases of parallel transmission of PRACH and PUCCH/PUSCH?
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Figure 2. Overlap between PRACH and PUCCH/PUSCH

Signal length of PRACH varies from about 2 SC-FDMA symbols (preamble format 4) to longer than 2 subframes (preamble format 3). Moreover, PRACH transmission timing in a TAG may be delayed much from the subframe boundary of another TAG depending on the PRACH configuration and the network deployments. Therefore, PRACH transmission which starts in subframe n may overlap with PUCCH/PUSCH transmission in subframe n+1 and/or n+2 in a relatively large portion of each subframe as illustrated in figure 1.

However, since power limitation due to the parallel transmission of PRACH and PUCCH/PUSCH would be a seldom case, it may not be desirable to define different UE behaviours according to the different level of the overlap portion, that is, “full overlap” or “partial overlap”. In the same context, Pcmax for each subframe where PUCCH/PUSCH overlaps with PRACH can be defined by the Pcmax value calculated taking into account the parallel transmission of the PRACH and PUCCH/PUSCH in each subframe regardless whether the PRACH starts in the same subframe where PUCCH/PUSCH transmission occurs or not.
Finally, when power-limited, PUCCH/PUSCH transmit power over whole subframe can be reduced when it overlaps with PRACH regardless of the amount of the overlapping to avoid complex specifications. 

Therefore, we suggest the following to resolve the remaining (Point 1) and (Point 2).

Suggestion 1: When PUCCH/PUSCH transmission in a subframe partially or fully overlaps with PRACH transmission and when power-limited, UE should reduce transmit power of PUCCH/PUSCH in the whole subframe so that total transmit power does not exceed Pcmax, where Pcmax value in that subframe is calculated taking into account the parallel transmission of the PRACH and PUCCH/PUSCH.
(Point 3) Whether to allow parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG or not?

The main motivation of eNB triggering PRACH transmission in a TAG is to recover uplink synchronization, which means uplink transmissions other than PRACH may not be correctly decoded in that TAG during the synchronization procedure. Therefore, allowing parallel transmission of PUCCH/PUSCH/SRS with PRACH would not provide benefits, while supporting parallel transmission in a same TAG would make UE implementation more complex. Therefore, it is suggested to explicitly clarify that parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG is not supported.

Suggestion 2: It should be clarified that parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG is not supported.
(Point 4) Whether to allow parallel transmission of SRS and PUCCH/PUSCH in different TAGs in a same subframe?

Since Rel-11 UEs should support parallel transmission of SRS and PUCCH/PUSCH during overlap duration between consecutive symbols in different TAGs, the UE implementation should be already capable of transmitting SRS and PUCCH/PUSCH in parallel in different TAGs. Moreover, Rel-11 UE should also support parallel transmission of PRACH and SRS/PUCCH/PUSCH in different TAGs as already agreed, which again means the UE should be able to support parallel transmission of different type of physical channels in different TAGs. Therefore, it is an unnecessary operation to drop SRS or omitting PUCCH/PUSCH symbol when SRS and PUCCH/PUSCH are transmitted in a same symbol in different TAGs, while it causes loss of SRS or performance degradation of PUCCH/PUSCH.

Therefore, we suggest the following.

Suggestion 3: Allow parallel transmission of SRS and PUCCH/PUSCH which overlap in a same subframe in different TAGs without omitting the last symbol of PUSCH/PUCCH, while SRS is dropped in case of power limitation.
The remaining two points, (Point 5) and (Point 6), will be discussed in RAN1 after RAN1 gets feedback from RAN4 regarding the LS which has been sent by RAN1 [6]. However, we make a discussion under the assumption that RAN1 agreements in RAN1#69 are supported by RAN4.
(Point 5) Whether to reduce PUSCH transmit power or not to define the priority in transmit power reduction in the overlap portion

At least in RAN1 perspective, it is desirable to prioritize PUCCH transmission power to be kept constant compared to PUSCH so that the performance of control information such as HARQ-ACK should be guaranteed as much as possible. Therefore, we suggest reducing PUSCH transmit power when PUCCH and PUSCH in different TAGs partially overlaps.

Suggestion 4: PUSCH transmit power is reduced in power-limited case when PUCCH and PUSCH in different TAGs partially overlaps.
(Point 6) What is the Pcmax value for the overlap portion?

Since the main motivation of adjusting PUCCH/PUSCH transmit power during the partial-overlap duration is to prohibit excessive transmit power, it may be enough to apply one of the two Pcmax values calculated for subframe n and subframe n+1 to the partial-overlap duration.

Suggestion 5: One of the two Pcmax values calculated for subframe n and subframe n+1 is applied to the partial-overlap duration..
4. Summary
In this paper, we identified the remaining issues to be decided in RAN1 regarding the multiple TA operation and made suggestions on them. The remaining points and the suggestions are summarized as follows.

(Point 1) What is the definition of “partial overlap” and “full overlap” between PRACH and PUCCH/ PUSCH/SRS? And, what is the definition of “power-limited” for the partial overlap and full overlap cases?
(Point 2) What is the UE behaviour when power-limited for the cases of parallel transmission of PRACH and PUCCH/PUSCH?

Suggestion 1: When PUCCH/PUSCH transmission in a subframe partially or fully overlaps with PRACH transmission and when power-limited, UE should reduce transmit power of PUCCH/PUSCH in the whole subframe so that total transmit power does not exceed Pcmax, where Pcmax value in that subframe is calculated taking into account the parallel transmission of the PRACH and PUCCH/PUSCH.
(Point 3) Whether to allow parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG or not?

Suggestion 2: It should be clarified that parallel transmission of PRACH and PUCCH/PUSCH/SRS in a same TAG is not supported.
(Point 4) Whether to allow parallel transmission of SRS and PUCCH/PUSCH in different TAGs in a same subframe?

Suggestion 3: Allow parallel transmission of SRS and PUCCH/PUSCH which overlap in a same subframe in different TAGs without omitting the last symbol of PUSCH/PUCCH, while SRS is dropped in case of power limitation.
(Point 5) Whether to reduce PUSCH transmit power or not to define the priority in transmit power reduction in the overlap portion

Suggestion 4: PUSCH transmit power is reduced in power-limited case when PUCCH and PUSCH in different TAGs partially overlaps.
(Point 6) What is the Pcmax value for the overlap portion?

Suggestion 5: One of the two Pcmax values calculated for subframe n and subframe n+1 is applied to the partial-overlap duration..
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