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1. Introduction
At the last RAN2 meeting, parallel transmission in multiple TA was discussed and the following issues were observed. The observations basically mean that prioritising one transmission over the other (no parallel transmission) could incur some negative effects such as loss of UL throughput, delaying UL sync in SCell, or unnecessary PDSCH retransmission:
· Prioritising PRACH on SCell over PUSCH on the other cell(s) 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.

Sharing those observations, RAN2 sent an LS[1] to RAN1 requesting the view on parallel transmission whether it should be supported in multiple TA in order to avoid the negative effects of non parallel transmission.
In Section 2.1, we introduce another case not covered by above 4 cases where parallel transmission would happen between one of SCell PRACHs and SRS on another cell, and the impact of non-/parallel transmission is analyzed.
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Figure 1. Overlapping parallel transmissions in same subframe number
Section 2.2 introduces and analyses another aspect of parallel transmission between SCell PRACH and other channel on another cell (figure 2 (b)), where subframe number of the cell sending PRACH is different from the subframe number of another cell and the subframes are partially overlapping as figure 2(a). Figure 2 (a) shows a general example of time overlapping between PUCCH/PUSCH on different cells which are in uplink sync. This overlapping is caused by the difference between TA values in inter-TAG cells (e.g. |TTA_pTAG - TTA_sTAG|), which was observed by RAN1.
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(a) Observed parallel transmissions in different subframe numbers in RAN1
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(b) Overlapping parallel transmissions in different subframe numbers with SCell PRACH
Figure 2. Overlapping parallel transmissions in different subframe numbers
2. Discussion
2.1. Parallel transmission between SCell PRACH and SRS on another cell
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Figure 3. Parallel transmission of SCell PRACH and SRS on another cell in the same subframe number
Figure 3 shows an example of parallel transmission of SCell PRACH and SRS on another cell whether the transmissions are performed in the same subframe number. For simplicity, it is assumed that eNB transmits DL signals via PCell and it is also assumed that all the configured and activated SCell(s) are DL synchronized at the same timing (reference time in figure 3). Since A TA value (TA1) for pTAG has already been obtained from the serving eNB before SCell PRACH transmission, UE can at least recognize that DL propagation delays of TAGs are different. Here, two questions would be raised. First, how to determine the overlapping between SCell PRACH and SRS on another cell and as a second, how often it would be occurred.
As a respons to the first question, since UE already know PRACH duration and the PRACH start timing before the UE receives the RA procedure order (i.e. PDCCH order) for SCell in sTAG, UE can estimate the timing of PRACH end and the UE obtains the PRACH duration by the PRACH format information in the SCell, and the UE would start transmitting PRACH at the TA = 0 which is the same with DL subframe timing or the timing reference in the available PRACH subframe. Consequently, the UE can recognize whether the SRS on another cell can be transmitted after the SCell PRACH was transmitted. If SRS would be transmitted after the end of PRACH, UE would possibly transmit both SCell PRACH and SRS on the other Cell at the same subframe.
Observation 1: UE can calculate the level of overlapping between SCell PRACH and SRS on another cell where the transmissions happened at the same subframe, and the UE can recognize whether the transmission of SCell PRACH and SRS in same subframe number is possible or not.
To make a clear solution for the second question, we have to check the values which the parameters of PRACH and SRS can have. Guard time (GT) in PRACH subframe is the duration which is set to avoid inter-subframe interference which could be introduced by the propagation delay of unsynchronized PRACH. In each cell, considering the deployment environment such as cell radius and path loss per unit distance, the value of GT or the appropriate PRACH format would be determined. In other words, the GT duration per PRACH format is different depending on the PRACH format as table 1 below, and the distance between cell transmission/reception point and UE is an important parameter to decide ‘remaining’ GT duration which is the predetermined GT duration except the expected blank duration (= TA). For example, if UE is located in maximum cell range, the remaining GT duration would be ‘0’ms.
Table 1: GT duration (except format 4) [2]
	PRACH format
	Guard Time (GT)
	Max. cell radius (MCR)

	Format 0(SFN =1)
	GT = 96.88µs
	14.53km

	Format 1(SFN =2)
	GT = 515.63µs
	77.34km

	Format 2(SFN =2)
	GT = 196.88µs
	29.53km

	Format 3(SFN =3)
	GT = 715.63µs
	100.16km


The PRACH format which has the shortest GT duration among PRACH formats for FDD is format 0. In practice, PRACH format 0 is used for general LTE cells since the cell radius in LTE system simulation is 1km or 500m in typical urban case. The GT duration in PRACH format 0 is 96.88µs. The duration of SRS in the other cell is 144 + 2048 = 2192 TS (≒ 71.35µs) for normal CP case.

Observation 2: GT duration of SCell PRACH is larger than the duration of SRS on the other cell.

In CA point of view, eNB will decide to configure uplink in SCells when UE reports that link quality is good enough. In general, CA and TTI bundling cannot be configured simultaneously. Therefore, the UE which is configured multiple uplink CCs would be close to cell center. In other words, if the UE which is configured uplink CA, the remained GT duration would be larger than the sum of the occupied SRS duration in subframe and difference between DL propagation delays.
Observation 3: Parallel transmission between SRS on other cell(s) and SCell PRACH in same subframe can be occurred.
Hence, in some case, we can find no time-overlapped case even though SRS on the other cell(s) and SCell PRACH are transmitted even though they are allocated to transmit in the same subframe. However, only UE can acknowledge whether the parallel transmission without power scaling or prioritising is possible or not. Therefore, we propose that the parallel transmission between them in same subframe can be considered as UE side.
Proposal 1: Parallel transmission between SCell PRACH and SRS on other cell(s) in the same subframe can be considered as UE side without power scaling or prioritising.

2.2. Parallel transmission between UL Tx. on other cell and SCell PRACH
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Figure 4. PUCCH/PUSCH on the other cell and SCell PRACH in different subframe number
(TPD1 > TPD2)
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Figure 5. PUCCH/PUSCH on the other cell and SCell PRACH in different subframe numbers
(TPD1 < TPD2)
Figure 4 shows that the difference of propagation delay on timing reference between TAGs is TPD1 > TPD2. The equation which is the condition to avoid the overlapping parallel transmission is as follow: 

GT ≥ TTA2 + (TPD1 - TPD2) and TPD1 > TPD2 





(1)

If the expected TA value for the sTAG can be assumed that two times of propagation delay on timing reference in the sTAG, the following equation is the final condition to prevent overlapping parallel transmission.
GT ≥ TPD1 + TPD2







(2)
Maximum DL propagation delay for each PRACH format always should be half of GT. Therefore, the above equation is satisfied in any multiple TA cases at TPD1 > TPD2.
Observation 4: It is always not happened the parallel transmission with SCell PRACH between different subframe numbers at TPD1 > TPD2 . 

Figure 5 shows that the difference of propagation delay on timing reference between TAGs is TPD2 > TPD1.  In the same approach at (1) and (2) cases, the follow equation is final condition to prevent overlapping parallel transmission.
TTA2 ≥ TPD2 - TPD1







(3)
Therefore, the above equation is always satisfied with assumption which is TTA2 ≒ 2 x TPD2.

Observation 5: It is also not happened the parallel transmission with SCell PRACH between different subframe numbers at TPD2 > TPD1. 

Therefore, the overlapping between PUCCH or PUSCH on the other cell and SCell PRACH is always not occurred for any multiple TA cases in logically orthogonal subframes.

Proposal 2: Overlapping parallel transmission between SCell PRACH and PUCCH or PUSCH on another cell should not be considered in different subframe numbers.

3. Conclusion
RAN1 is kindly asked to discuss parallel transmission issues in this contribution and to agree follow proposals.
Proposal 1: Parallel transmission between SCell PRACH and SRS on other cell(s) in the same subframe can be considered as UE side without power scaling or prioritising.

Proposal 2: Overlapping parallel transmission between SCell PRACH and PUCCH or PUSCH on another cell should not be considered in different subframe numbers.
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