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1 Introduction

In the LS from RAN2 [1], considerations were provided on the parallel transmissions of PRACH on SCell and UL transmissions on cell(s) which is in UL sync. RAN2 also asked RAN1 to decide on the need of parallel transmissions.
In this paper, the need to support parallel transmissions and the problem of power sharing caused by parallel transmission are discussed.
2 Discussion

2.1 Parallel transmission of PRACH on SCell and UL transmissions on other cell(s)
The purpose of triggering PRACH on the SCell is to obtain the TA value for the SCell. However, when the random access procedure for the UE is triggered in the SCell, the UE may also be scheduled for PUSCH transmission on other cells or need perform PUCCH transmission on the PCell. 
In [1], RAN2 points out that either the loss of UL/DL throughput or the delay of bringing a SCell into UL sync would occur if parallel transmissions are not supported. We also consider that supporting parallel transmissions is beneficial to avoid or reduce such negative impact on system performance.

It is also noted that in Rel-10, PRACH on PCell and PUSCH/SRS on SCell could also occur but there was no solution specified to deal with the possible performance loss. However considering single TA was supported in Rel-10, such parallel transmission can be considered as corner case. In Rel-11, multiple TAs are supported, and the parallel transmissions will occur much more frequently. So it is beneficial to support parallel transmissions in Rel-11.
Proposal 1: Parallel transmissions of PRACH on the SCell and UL transmissions on the cell(s) which is in UL sync should be supported. 
2.2 Power sharing to support the parallel transmissions
If parallel transmissions are supported, an additional power scaling rule needs to be considered when the total transmit power exceeds the configured maximum transmit power. 
In LTE the granularity of power control is per TTI. According to the preamble structure, the preamble of format 1 to 3 spans more than one subframe [2]. To ensure the performance of preamble detection, it is important to keep the preamble power constant during one transmission. 
Proposal 2: The transmit power of preamble should keep constant during one transmission.
In the following sections, different power scaling proposals will be discussed. The power scaling proposals that require changing PRACH transmit power are not considered.
2.2.1 Cases for parallel transmissions
There are two main possible cases for the parallel transmissions as shown below.
Case1: The preamble spans one subframe, or the preamble spans more than one subframe while the PUCCH/PUSCH starts in the first subframe of PRACH transmission, as shown in Figure 1a. In this case, it is possible that the preamble transmission may overlap with other UL channels for more than one subframe.
Case2: The preamble spans more than one subframe, while the PUCCH/PUSCH starts in the second or third subframe of PRACH transmission. 
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1a. case1: Simultaneous transmission happened in the first TTI
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1b. case2: Simultaneous transmission happened in the latter TTI
Figure 1: Two cases for simultaneous transmission
While considering the power allocation scheme, the solution should be feasible for these two cases.
2.2.2 Parallel transmission of PRACH and PUSCH/PUCCH

For parallel transmission, if the transmit power of the UE would exceed the total configured maximum transmit power, several options for possible power scaling scheme are listed in the following: 

Option1: PRACH has the lowest priority
In this option the transmit power is first allocated to the PUCCH, PUSCH with UCI, and PUSCH without UCI according to the priority defined in Rel10, i.e. PUCCH > PUSCH+UCI > PUSCH. The remaining power is then allocated to PRACH. Option 1 is based on the consideration that PRACH on SCell should not impact the UL transmission in other cell(s) which is in UL sync.
For option 1, to keep the constant transmit power for PRACH, the UE need to predict the transmit power of PUCCH/PUSCH in subframe (n+1) when deciding the power of PRACH in subframe n. It is also worth noting that in case 2 that no PUCCH/PUSCH in subframe n, to keep the constant PRACH transmission power, the preamble power in subframe n may be reduced due to PUCCH/PUSCH transmission in subframe (n+1), which may cause power inefficiency in subframe n and delay bringing a SCell into UL sync. 
As PUSCH transmission has higher priority than PRACH, the UL throughput of the cells in UL sync would not be affected during the PRACH transmission. However, the UL synchronization of the Scell for PRACH transmission may be delayed, so it is not clear how the throughput of the UE on all the cells is affected. 
The pros and cons of option1 are listed below.

Pros:

· No impact on the performance of UCI.

· No UL throughput loss on the cell(s) in UL sync.
Cons:

· May delay bringing a SCell into UL sync 
· Cross-TTI power control is required. The UE needs to predict the transmit power of PUCCH/PUSCH in subframe (n+1) when deciding the power of PRACH in subframe n.
· Low power efficiency in case 2.
Option2: PRACH has the highest priority
In this option, the power of PRACH transmission should be ensured first. Then the remaining power can be allocated to PUCCH, PUSCH with UCI, and PUSCH without UCI according to the priority defined in Rel10, i.e. PUCCH > PUSCH+UCI > PUSCH. 
The pros and cons of option2 are listed below.
Pros: 
· Quickly brings a SCell into UL sync. 
· Cross-TTI power control is not required. 
Cons:
· May result in unnecessary PDSCH retransmissions if the UE reduces the power of PUCCH/PUSCH which carries HARQ-ACK. 
· May result in loss of UL throughput in the cell(s) in UL sync if the UE reduces the power of PUSCH.

Option3: PRACH has lower priority than UCI and higher priority than PUSCH, i.e.: PUCCH > PUSCH+UCI > PRACH > PUSCH

Option 3 is based on the consideration that the UCI, especially HARQ-ACK is very important and should have the highest priority in any case. Then the PRACH can have the priority lower than PUCCH and PUSCH including UCI. 

Similar to option1, the UE also needs to predict the transmit power of PUCCH/PUSCH in subframe (n+1) when deciding the power of PRACH in subframe n. 

The pros and cons of option3 are listed below 
Pros:

· No impact on the performance of UCI.
Cons:

· May delay bringing a SCell into UL sync 
· Cross-TTI power control is required. 
· May result in loss of UL throughput in the cell(s) in UL sync if the UE reduces the power of PUSCH.

· Low power efficiency in case2.
Option4:  Adaptive priority
Adaptive priority can also be considered to fit different cases and situations. That is, for different cases or situations, the priority of UL channels can be different. 

For example, PRACH can have the highest priority for case2, and PUCCH/PUSCH including UCI have the highest priority for case1, so as to maintain constant PRACH transmission power as well as to make use of the power efficiency as much as possible. 
Another possibility is account for the number for PRACH retransmissions. Assume that the power scaling priority of initial PRACH transmission is low. If the PRACH has been retransmitted too many times, or if the transmission power becomes too high after power ramping, the priority of PRACH is then increased.
In Table 1 the main properties of these solutions are summarised and compared. In the table only options 1 to 3 are compared because the adaptive method depends on the detailed design. 
Table 1: Comparison of power priority options
	Option
	Solution
	Delay of bringing a Scell into UL sync
	Impact to UCI
	Impact to UL throughput for the cell in UL sync
	Cross-TTI power control
	Fully utilizing UL power

	1
	PRACH has the lowest priority
	Long
	No
	No
	Yes
	Yes for case1
No for case2

	2
	PRACH has the highest priority
	Short
	Yes
	Yes
	No
	Yes

	3
	PRACH has medium priority
	Long
	No
	Yes
	Yes
	Yes for case1
No for case2


Based on this discussion, each option is considered as valid. Adaptive priority method is recommended for further study as it may fit the different cases and situations.
Proposal 3: Power scaling should be considered to support the parallel transmissions of PRACH on the SCell and UL transmissions on other cell(s). Adaptive power scaling priority need further study.
2.2.3 Collision of PRACH and SRS
When SRS is to be transmitted in a subframe where a preamble is sent, a simple solution is to drop the SRS in that subframe. It is believed that the performance degradation caused by the dropping action is minor. 

Proposal 4: SRS is dropped when PRACH on SCell collides with SRS in the subframe.

3 Conclusions
In this contribution, some issues related to random access on SCell are discussed. Based on the analysis, we have the following proposals:
Proposal 1: Parallel transmissions of PRACH on the SCell and UL transmissions on the cell(s) which is in UL sync should be supported.
Proposal 2: The transmit power of preamble should keep constant during one transmission.
Proposal 3: Power scaling should be considered to support the parallel transmissions of PRACH on the SCell and UL transmissions on other cell(s). Adaptive power scaling priority need further study.
Proposal 4: SRS is dropped when PRACH on SCell collides with SRS in the subframe.
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