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1. Introduction

In RAN2 discussion, the followings have been agreed for the support of multiple timing advances (TA) for carrier aggregation enhancement in Rel-11 up to RAN2#76 meeting [1]-[4] (only the agreements which may be related to the RAN1 discussion are collected).

	[RAN2#74] 

1) Introduce “TA Group” concept, which is a set of serving cells with uplink resource sharing the same TA value. A group could consist of one serving cell.

2) The relationship between configured CC and TA Group should be configured by eNB

3) TA maintenance mechanism of PCell TA group remains same as Rel-10
4) A UE supporting multiple TA's will at least support 2 timing groups
5) Only network triggers RACH on Scell for (initial) time alignment purposes

- FFS for UL data arrival case, i.e. could UL data arrival ever trigger RACH on Scell ?
6) We will support network trigger for RACH on Scell by PDCCH order
- FFS whether also additional mechanisms for network order for RACH on Scell will be introduced
7) RACH initiation by PDCCH order is only supported after Scell activation, so that the UE is monitoring the correct PDCCH CC.
8) RACH for positioning is out of the scope of the CA rel-11 discussions. 

9) For PDCCH order trigger, nNon-contention RACH will be supported for Scell. 

- FFS if contention based RACH access will /will not be supported.

10) Msg0 will be send on the scheduling cell for this Scell

11) Msg1 is sent on the UL of the concerning Scell
[RAN2#75]

12) When the TAT associated with Pcell expires, all TAT's are considered expired i.e. and the UE follows the R10 behavior, i.e. the UE flushes all HARQ buffers, clears any configured assignments/grants, and RRC releases PUCCH/SRS for all configured serving cells.

13) When the TAT associated with an Scell TAG expires, 

- SRS transmissions in Scell TAG shall be stopped (FFS if SRS configuration is released)

- CQI/PMI/RI reporting configuration for the SCells is maintained. 

- MAC flushes all uplink HARQ buffers for the concerned SCells.
14) The UE does not need to support execution of 2 parallel RACH procedures in parallel.
15) The UE does not initiate a RA procedure on a SCell in case of new UL data.

- If serious problems are found, we can reconsider.
16) We need to support TAG change except for Pcell
[RAN2#75bis]

17) A RA based solution is only supported for multiple timing advances 

18) Upon deactivation of the last Scell in an Scell-only TA group the Scell-TAT is not stopped. 

19) An Scell-only TAT should not be running when the last Scell of the group is removed from the TA group. 

20) Upon Scell-TAT expiry the type-1 SRS configuration for the Scell is maintained. 

21) The UE does not provide additional assistant information for managing TA groups. 

22) PDCCH for Msg2 on a different cell than Msg1 will be supported (cross carrier scheduling) 

23) It is up to UE implementation which ordered or UE initiated RA to prioritize.
[RAN2#76]

24) UL timing is same for all the serving cells within the group (all UL SCells transmit simultaneously)

25) There is at any point in time one DL timing reference per group which is used as reference for the TA command and to lock the UL transmission to (same as PCell for Rel-10).

26) The SCell used as downlink timing reference must be known by the network.

27) The SCell used as downlink timing reference must be in the same time alignment group. 

28) The SIB2-linked SCell where the RA was performed is used as timing reference for all UL SCells in the time alignment group. (error cases still need more discussion)
29) As a baseline, the pathloss reference for an UL SCell in an SCell-only TA group is the SIB2-linked DL SCell (cannot be configured). 

- It is FFS whether it is also possible to explicitly configure the pathloss reference within the same TA group.
30) RRC signalling is used to (re-)associate SCell with a TA group
31) Upon SCell-TAT expiry the UE releases the type-0 SRS configuration for the SCell


Even though the current discussion on multiple TA is mainly taking place in RAN2, there are several issues to be discussed and specified by RAN1. Especially, introduction of multiple TA may lead to allowing simultaneous transmission of multiple physical channels in multiple TA groups. In this paper, we discuss the necessity of the simultaneous transmission of multiple channels in multiple TAGs and the related issues on the UE maximum TXP limitation. In the same context, this paper also includes the discussion/proposal on the LS from RAN2 [5] which asks the question on the simultaneous transmission of SCell PRACH and other physical channels in multiple TAGs.
2. Simultaneous transmission in multiple TAGs
In Rel-10 LTE specifications, the following combinations are allowed to be transmitted in multiple cells through same symbols in a same subframe simultaneously by a UE.

· PUSCHs in multiple cells

· PUCCH in PCell and PUSCH(s) in SCell(s)

· SRSs in multiple cells

Either combination of SRS and other physical channels or combination of PRACH and other physical channels is not allowed to be simultaneously transmitted through same symbols in a same subframe in Rel-10.

In Rel-11, independent transmit timing can be managed for each TAG (timing advance group) where single or multiple cells are grouped in each TAG. In this case, PRACH can be transmitted in SCell as well as PCell. Moreover, the UL subframe boundary of different TAGs may not be aligned even if the TAGs are aggregated by a same UE. Therefore, it is necessary to discuss if other combinations for simultaneous transmission than in Rel-10 should be supported in Rel-11, and if so, which combinations should be supported in Rel-11.

SRS and other channels
In Rel-10, a UE should not transmit last SC-FDMA symbol of a PUSCH in a subframe where the UE transmits periodic SRS (or may transmit aperiodic SRS) in any aggregated cells so as to avoid simultaneous transmission of SRS and PUSCH in a same symbol. Re-10 UE should also drop SRS or transmits shortened PUCCH format when it happens to transmit SRS and PUCCH in a same subframe.
However, there are at least two factors to reconsider simultaneous transmission of SRS and PUSCH/PUCCH in Rel-11 when a UE aggregates cells in different TAGs.

- Cells in different TAGs belong to different frequency bands where independent PAs and RF chains will be applied to different TAGs. Therefore, there may be no significant problem in PAPR and/or spurious emission due to the simultaneous transmission in different TAGs
- As explained in [6], SRS transmission in the last SC-FDMA symbol in a subframe in a TAG may not overlap with the last symbol in another TAG but with other symbol(s) due to the different timing advance between two TAGs, which is illustrated in figure 1. Therefore, emptying the last symbol of PUSCH or PUCCH by rate matching or shortened format would not avoid the simultaneous transmission of SRS and PUSCH/PUCCH in a same symbol.
[image: image1.emf]PUSCH

S

R

S

PUSCH

Subframe n Subframe n+1

Subframe n Subframe n+1

TAG1

TAG2


Figure 1  Example of collision between SRS and PUSCH/PUCCH
Considering two factors above, there doesn’t seem to be a good reason to prevent simultaneous transmission of SRS and other channels (PUSCH/PUCCH) in different TAGs. Therefore, it would be desirable to allow simultaneous transmission of SRS and other channels in a same symbol when they are transmitted through different TAGs.
Proposal 1: Simultaneous transmission of SRS and PUSCH/PUCCH through different TAGs is allowed in Rel-11.

PRACH and other channels

In Rel-10, PRACH can be transmitted only in PCell. UE behaviour about simultaneous transmission of PRACH in PCell and other channels (PUSCH/SRS) in Scell(s) is undefined, which means Rel-10 UE is not able to transmit PRACH in PCell and other channels in Scell simultaneously. The same principle can be kept in Rel-11 even with multiple TAGs will be introduced in Rel-11. That is, Rel-11 does not support simultaneous transmission of PCell PRACH and other channels in SCell(s). This is reasonable since TA timers of all the TAGs are set expired if PCell TAT is expired according to the current RAN2 decision [2].
On the other hand, PRACH transmission in SCell can be initiated by eNB even when the UL synchronization in PCell is maintained when the SCell and PCell belong to different TAGs so that PRACH transmission in a SCell TAG may coincide with PUCCH/PUSCH/SRS transmission in other TAG(s). RAN2 has asked RAN1 for the appropriate UE behaviour in this case in [5]. In the LS, some options for avoiding simultaneous transmission are discussed as below, where the defects of each option are identified well.  
	RAN 2 also discussed the possibility that parallel transmissions are not supported (transmission prioritisation was discussed but no decision was made), and would like to point out the following observations:

· Prioritising PRACH on SCell over PUSCH on other cell(s) which is in UL sync with continuous UL transmissions will result in loss of UL throughput.

· Prioritising PUSCH on other cell(s) which is in UL sync with continuous UL transmissions over PRACH on SCell will delay bringing a SCell into UL sync. 

· Prioritising PRACH on SCell over the PUSCH/PUCCH which carries the DL ACK/NACK will result in unnecessary PDSCH retransmission.

Prioritising PUSCH/PUCCH which carries the DL ACK/NACK over PRACH on SCell will delay bringing SCell into UL sync


As already described, cells in different TAGs belong to different frequency bands where independent PAs and RF chains will be applied to different TAGs. Therefore, there may be no significant problem in PAPR and/or spurious emission due to the simultaneous transmission in different TAGs. Considering this fact and the RAN2 analyses, it is desirable to allow simultaneous transmission of PRACH in SCell in a TAG and other channels (PUSCH/PUCCH/SRS) in other TAG(s).

Proposal 2: Simultaneous transmission of PRACH in a SCell TAG and PUSCH/PUCCH/SRS through other TAG(s) is allowed in Rel-11.

3. Maximum TXP limitation in multiple TAGs

As multiple TA is introduced in Rel-11 LTE, there is an issue on how to decide the TXP (transmit power) of physical channels simultaneously transmitted through multiple TAGs when the total TXP exceeds UE maximum TXP limitation, PCMAX , especially when the UL subframe boundary between different TAGs are not aligned at UE transmission side. Moreover, it should be also decided how to handle the TXP of physical channels when SRS or PRACH are simultaneously transmitted (if allowed) with other physical channels through multiple TAGs when the total transmit power exceeds UE maximum TXP limitation, PCMAX .
This section discusses the possible UL power control operations in those cases and makes some suggestions.

3.1. Maximum TXP limitation for PUSCH/PUCCH
As illustrated in figure 2, a PUSCH transmission in subframe n in TAG1 (PUSCHn,1) may overlap with consecutive PUSCH transmissions in subframe n and subframe n+1 in TAG2 (PUSCHn,2 and PUSCHn+1,2). If TXP reduction rule in Rel-10 for the case of maximum TXP limitation applies to the two overlapping durations independently, transmit power of PUSCH1,n mainy have to vary between the two overlapping durations even within a subframe, which is not desirable for robust PUSCH decoding. To avoid PUSCH TXP variation due to the TXP limitation with multiple TA, we largely consider three approaches as follows.
Approach 1) Defining a rule of dropping PUSCH transmission, which guarantees constant TXP for the remaining PUSCH transmissions
Approach 2) Defining a rule of puncturing/rate-matching a part of a PUSCH transmission, which guarantees constant TXP for the remaining PUSCH transmissions

Approach 3) Defining TXP reduction rule which guarantees constant PUSCH TXP
Approach 1 above would lead to an unnecessary PUSCH dropping even when it is possible to transmit a PUSCH with an available remaining power. Approach 2 above may deteriorate the PUSCH decoding performance at eNB or incur excessive PUSCH puncturing since the necessary amount of puncturing can not be exactly aligned between UE and eNB because the transmit timing difference between different TAGs at UE can not be exactly known to eNB. Approach 3 is in line with the approach we already introduced in Rel-10 and would allow most efficient UE TXP utilization. Therefore, approach 3 is preferred as long as the power reduction rule in approach 3 is not too complex. Even though we mentioned the case of simultaneous transmissions of PUSCHs above, the same approach can be applied to the case of simultaneous transmissions of PUSCH(s) and PUCCH.
Proposal 3: Define TXP reduction rule for the case of maximum TXP limitation with simultaneous transmissions of PUSCH(s) and/or PUCCH in multiple TAGs, which guarantees constant TXP for the PUSCH/PUCCH transmissions.
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Figure 2  Illustration of simultaneous transmission of PUSCHs with multiple TAGs
TXP reduction rule for PUSCH/PUCCH with multiple TAGs

It is desirable to make the TXP reduction rule for PUSCH/PUCCH as simple as possible and to reuse the existing Rel-10 TXP reduction rules as much as possible. We introduce here two approaches of TXP reduction rules for PUSCH/PUCCH with multiple TAGs as follows (Even though the following examples show PUSCH only cases, these approaches apply both PUSCH and PUCCH in the same way).
Approach a) Selecting minimum TXP after applying Rel-10 power reduction rules to each overlapping duration
In the example shown in figure 3, the TXP of PUSCHn,1 is decided as the minimum between the two TXPs calculated by applying Rel-10 power reduction rule to the overlapping durations (a) and (b) respectively. That is, transmission of PUSCHn,2 and PUSCHn+1,2 are reflected in calculating the TXP of PUSCHn,1 in this approach. In the same way, the TXP of PUSCHn+1,2 is decided as the minimum of the two TXPs calculated for overlapping durations (b) and (c) respectively.
This approach guarantees the TXP protection priorities defined in Rel-10 but UE need to consider the UL power control commands received for subframe n+1 in calculating TXP in subframe n.
[image: image3.emf]PUSCH

n,2

PUSCH

n,1

PUSCH

n+1,2

Subframe n Subframe n+1

Subframe n Subframe n+1

TAG1

TAG2

PUSCH

n+1,1

1) PUSCH

n,1 

TXP decided as minimum 

TXP between two overlap durations

2) PUSCH

n+1,2 

TXP decided as minimum 

TXP between two overlap durations

(a) (b) (c)


Figure 3  TXP reduction approach a
Approach b) Applying Rel-10 power reduction rules to the transmissions in a each subframe and performing adjustment considering the transmissions in the previous subframe
In the example shown in figure 4, the TXP of PUSCHn,1 and the TXP of PUSCHn,2 are decided by applying Rel-10 power reduction rule to the overlapping duration (a) only, that is, considering the transmissions in subframe n. In the same way, the TXP of PUSCHn+1,1 and the TXP of PUSCHn+1,2 are calculated by applying Rel-10 power reduction rule to the overlapping duration (c) only, that is, considering the transmissions in subframe n+1. However, the TXP of PUSCHn+1,2 can be reduced further not to change the already decided TXP of PUSCHn,1 if the total TXP in overlapping duration (b) exceeds maximum TXP.
This approach doesn’t require considering UL power control commands received for subframe n+1 in calculating TXPs in subframe n. However, TXP protection priorities defined in Rel-10 may not be always kept since this approach assigns priority to the transmission in the previous subframe.
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Figure 4  TXP reduction approach b

3.2. Maximum TXP limitation for SRS

If the SRS TXP is reduced due to the maximum TXP limitation, eNB cannot exactly know whether the RXP reduction of SRS is due to the maximum TXP limitation or due to the bad radio channel quality. Therefore SRS with reduced TXP may not help the eNB UL scheduler much. Therefore it is preferred to drop SRS when the total TXP for simultaneous transmission of SRS and other channels (PUSCH/PUCCH/SCell-PRACH) exceeds maximum TXP, which is in line with the UE behaviour with Rel-10 LTE.

Proposal 4: Drop SRS when the total TXP for simultaneous transmission of SRS and other channels  exceeds maximum TXP.

3.3. Maximum TXP limitation for SCell PRACH

Prioritization among PUSCH, PUSCH with UCI, PUCCH and SCell PRACH are not so clear since all of them can be intentionally scheduled by eNB in a dynamic way and the collision can be avoided by eNB scheduler in most cases. Since the prioritization applies only to the maximum TXP limitation case, it is preferred to define a simple prioritization between PRACH and other channels (PUSCH and PUCCH) rather than introducing finer classification for the prioritization. A simple approach may be reducing TXP of PUSCH/PUCCH rather than reducing TXP or dropping PRACH not to delay SCell synchronization.
Proposal 5: Reduce TXP of PUSCH/PUCCH when the total TXP for simultaneous transmission of PRACH and PUSCH/PUCCH exceeds maximum TXP.

4. Summary
In this paper, we discussed the simultaneous transmission of multiple channels in multiple TAGs and the related issues on the UE maximum TXP limitation. The proposals in this paper are summarized as follows.
Proposal 1: Simultaneous transmission of SRS and PUSCH/PUCCH through different TAGs is allowed in Rel-11.

Proposal 2: Simultaneous transmission of PRACH in a SCell TAG and PUSCH/PUCCH/SRS through other TAG(s) is allowed in Rel-11.

Proposal 3: Define TXP reduction rule for the case of maximum TXP limitation with simultaneous transmissions of PUSCH(s) and/or PUCCH in multiple TAGs, which guarantees constant TXP for the PUSCH/PUCCH transmissions.

Proposal 4: Drop SRS when the total TXP for simultaneous transmission of SRS and other channels  exceeds maximum TXP.

Proposal 5: Reduce TXP of PUSCH/PUCCH when the total TXP for simultaneous transmission of PRACH and PUSCH/PUCCH exceeds maximum TXP.
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