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1
Background
In the RAN1#68 meeting it were agreed that parallel transmission of PRACH in Scell and PUSCH/PUCCH/SRS in different TAGs is supported in the non-power-limited case.
For the power-limited case the following assumptions were agreed for the purpose of deciding what UE behaviour will be specified in RAN1:

1. In case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a max overlap of approx. 30 μs (any tolerances are up to RAN4) for inter-band TAGs

2. UE cannot exceed Pcmax even for one symbol. 

3. It is a requirement that the PRACH preamble power is constant for the duration of the preamble
For the full overlap and power-limited case it was agreed that in case of simultaneous transmission of PRACH on SCell and SRS, SRS is dropped and in case of PRACH on SCell and PUCCH/PUSCH, PRACH power is prioritized in power scaling. It has been proposed [1] that parallel transmission of SRS and PUSCH/PUCCH in a same subframe of different TAGs is allowed in non-power-limited case. Rel-10 UE behaviour is that SRS is dropped. Our view is that different UE behaviour for multiple TA case is not needed.
For partial overlap and power-limited case it has been agreed that UE drops SRS in case of parallel SRS + PUCCH/PUSCH/PRACH. UE behaviour in cases of PUSCH + PUCCH/PUSCH and PRACH on SCell + PUCCH/PUSCH is not yet decided. One proposal discussed in RAN1#68 was that transient periods defined in RAN4 specification, could handle the problem or that transient periods could be modified to handle the problem. RAN4 reply liaison [2] concluded that
1. UE maximum transmit power may not exceed Pcmax even for short period of time

· This means that UE behaviour need to be defined in RAN1 specifications so that Pcmax is not exceeded
2. PRACH ON power duration profile should comply with the mask in 36.101

· This confirms the RAN1 assumption that PRACH preamble power should be constant for the duration of the preamble. RAN1 decision to prioritize PRACH in power scaling ensures that there is no need to change the power level during the PRACH transmission
3. Transient periods in RAN4 specifications will not be modified because of multiple TAGs

· This means that transient periods cannot be used for handling the partial overlap problem. It may be that small partial overlaps could be handled by transient periods but this is UE specific issue and cannot be considered as a complete solution to the problem
4. Separate MPR/A-MPR values will not be specified for partial overlap period

· This implies that cell- and subframe specific UE Tx power setting should be used also in case of multiple TAGs. 
2
Handling of UE power limitation during partial overlap, PUSCH + PUCCH/PUSCH 
Informative annex J in TS 36.300 [3] states that base station time alignment accuracy is 1.3 μs and that UE should cope with 30μs propagation delay difference between different serving cells (e.g. when RRHs or repeaters are used). RAN1 has decided that in multiple TA case maximum delay difference of UE in UL is 30 μs. If maximum delay difference is 30 μs in DL, then it is possible to keep delay difference below 30 μs also in UL by aligning UL and DL subframes at eNB. However, eNB can send TA commands that result in larger than 30 μs delay difference but based on RAN1 decision UE behaviour is not specified in that case.
UE may be scheduled so that its Tx power during the partial overlap period would exceed UE’s maximum power limit. In this contribution we discuss different methods to handle this situation.
Method 1: In [4] it is proposed that power in subframe #n+1 is taken into account when power scaling of subframe #n is carried out. As mentioned in [4], Tx power in subframe #n+1 need to be known when power scaling for subframe #n is done. UE processing time requirements for UL grants are thus increased. Also this kind of method makes it more difficult to continuously schedule UE to transmit with full power if allocation on different serving cells varies between subframes.
Method 2: Another method presented in [4] is to apply symbol level power scaling. This can be done so that different power scaling is applied to the last symbol of the serving cells that have subframe boundary later and overlap with the first symbol in subframe #n+1. Drawbacks of this method are that performance of higher order modulation is decreased and orthogonality of PUCCH is destroyed. 
Method 3: In [5] it is proposed that the first or the last symbol in the subframe is reserved (not used for transmission). Reserving of symbols is probably configured with RRC-signaling while adjustment of TA value can be done more quickly. Relative TA value of different serving cells can vary. Because of this reserving of symbols should be done so that the first or the last symbol in all the serving cells is reserved. Reserving last symbol of the subframe can be done by configuring all the subframes as cell-specific SRS subframes, but this means that also non-MTA UEs cannot use the last symbol for the PUSCH/PUCCH. Reserving the first symbol would mean modifications to PUCCH formats.
Method 4: Reserving symbols from PUCCH transmission is not desirable. Autonomous dropping of PUCCH symbols has an impact on PUCCH performance of other UEs also and not just the performance of the UE that is dropping the symbol. Also shortening PUCCH to be always just 13 symbols has an impact to performance in the cell in general. Because of this it should be considered that symbol reserving is only applied to Scell(s) that do not carry PUCCH. One way of doing this is that UE that is configured for MTA always blanks the first and last symbol of the PUSCH in Scell(s). Performance loss in this case would be 14% in Scell(s) for MTA UEs compared to the case when MTA is not used.
Method 5: Same as method 4 but only first or last symbol is reserved depending on if Scell timing is behind or advanced compared to Pcell. TA commands are known both in eNB and UE so relative timing difference should be known to both eNB and UE. However UE can do autonomous timing correction and some of the TA commands may get lost, so in some cases eNB may not know the relative time difference.

Method 6: UE could reserve a symbol in the beginning or in the end of the Scell subframe when there is a risk for partial overlap: The exact rule could be e.g. such that
· if the preceding subframe has PUSCH or PUCCH in different cell than Scell in current subframe, then the first symbol of the Scell is reserved and
· if the following subframe has PUSCH or PUCCH in different cell than Scell in current subframe, then the last symbol of the Scell is reserved 

In order to keep UE processing time requirements reasonable, reserving of last symbol should just mean that last symbol is not transmitted but processing of transmitted bits is done assuming that all the symbols in the subframe are available. UE could then decide on reserving/dropping of the last symbol in the late phase when UL grant of the next subframe is processed.

Method 7: UE reserves SCell symbols (first or last) only if partial overlap actually happens or if partial overlap happens and Pcmax limit is exceeded. In this case eNB does not know when reserving/dropping of symbol takes place but based on power headroom reports and sent TA commands eNB can guess when UE is likely to drop symbols
Method 8: UE can handle short overlaps with transient periods. In typical CA with MTA cases partial overlap will be less than 5 μs (and with repeaters less than 10 μs). Many UEs can probably handle these cases without special arrangements. UEs could have a signalling method which indicates if current TA value difference in different cells is manageable or not. If partial overlap is more than UE can handle it indicated this to eNodeB, then eNB should simply release the Scell(s) or configure UE to blank the first and last symbols in Scell.
3
Partial overlap of PRACH + PUSCH/PUCCH
As mentioned above UE behaviour in case of PRACH on SCell + PUCCH/PUSCH is not yet decided. It should be noted that PRACH is always transmitted with the value TA=0 and in carrier aggregation DL transmission are assumed to be synchronized. Because of this PRACH transmission in subframe #n cannot start in advance compared to other UL transmissions in subframe #n. This means that partial overlap of PRACH in subframe #n and PUSCH/PUCCH in subframe #n-1 does not exist. PRACH transmissions are followed by the guard period i.e. PRACH transmission consist of cyclic prefix, preamble and guard period. The guard period or PRACH format should be selected so that PRACH in subframe #n does not overlap with UL transmissions in subframe #n+1. Because of these issues partial overlap of PRACH + PUSCH/PUCCH does not exist or can be avoided and there is no need to define new UE behaviour for this case.
4
Conclusions
When new UE behavior is considered for partial overlap cases the following issues should be taken into account:
· Increase in UE processing requirements should be minimized. 
· eNB and UE should have a common understanding which symbols are sent as scheduled and which are dropped 
· Changes that result in dropping of PUCCH symbols should be avoided
· Changes to the specification and to UE behavior should be minimal
In this contribution we discuss about different methods to handle UE power limitation in case of partial overlap. Methods 3 – 6 propose different kind of symbol dropping/reservation rules so that problems with partial overlaps are avoided. We prefer that reserving/dropping of PUCCH symbols is avoided i.e. we prefer methods 4 - 6. Method 7 proposes that UE autonomously drops/reserves symbols on SCell PUSCH if partial overlap and power limitation takes place. Method 8 proposes that partial overlaps are handled by UE implementation (transient periods). If TA difference becomes too big, UE sends an indication to eNB and eNB releases Scell(S) that result in too big TA difference. Regarding parallel transmission (full overlap) of SRS + PUSCH/PUCCH with multiple TA, we do not see a reason to specify different UE behavior compared to single TA case.
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