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1. Introduction

In RAN1#68 meeting, the followings were agreed as the UE behaviour when the UE aggregates multiple TAGs (TA groups) [1].
	Conclusion (revised):

· Parallel transmission of PRACH on SCell and PUSCH/PUCCH/SRS in different TAGs should be supported at least in the non-power-limited case.

·  Detailed behaviour FFS for power limited case.
Conclusions for behaviour 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 


Regarding the ‘partial overlap’ between UL transmissions in different TAGs, RAN1 sent RAN4 an LS asking the issues related to the UE maximum power limitation [2], for which the response from RAN4 has been received in [3]. Corresponding RAN4 views are quoted below.
	Question 1: Should the assumption 2 and 3 be applied in transient period? 
Answer 1: RAN WG 4 notes that the UE transmission power may not exceed Pcmax. This applies also for transient periods. Although no explicit time mask is applied for the transient periods, it is worthwhile to note that UE should comply with regulatory requirements as well as other requirements set in [1] such as Output RF spectrum emissions (section 6.6) or Transmit intermodulation (section 6.7). It should also be noted that the period of measurement of UE maximum output power is defined as at least one sub frame (1ms).
For PRACH transmission, its ON power duration profile should comply with the time mask set in section 6.3.4.2.1 in [1].
Question 2: How would the transient period be defined when there are multiple TAGs? If the UE transmission power during the partial overlap exceeds Pcmax, would the transmit power of Cell1 in duration (A) or Cell2 in duration (B) in the figure be affected?
Answer 2: RAN WG4 has not considered modifying the transient period definitions because of multiple TAGs. As was indicated in answer 1 UE must comply with regulatory requirements. If UE transmission power during measurement period exceeds Pcmax then requirements cannot be guaranteed therefore UE may adjust its transmissions. This adjustment would affect transmit powers in Cell1 or Cell2 or both.
Question 3: If separate MPR/A-MPR needs to be used during the partial overlap period, what MPR/A-MPR value should be used? 
Answer 3: RAN4 is in opinion that the partial overlap period is too short to apply MPR/A-MPR schemes it is not desirable for the UE to change transmission power within that short time.


In this contribution, we discuss the UE behaviour in the power-limited case with multiple TAGs based on the RAN4 feedback and RAN1 decisions so far. Especially, we discuss the cases with and without SCell PRACH separately.
2. Partial overlap between PUCCH/PUSCH and PUSCH
As illustrated in figure 1, PUSCH (or PUCCH in a PCell) transmission in a TAG in a subframe can overlap partially with PUSCH transmission in another TAG in the next subframe over around 30 us in maximum. According to the RAN4 feedback, UE transmit power which exceeds Pcmax during the partial overlap duration may not be a problem as long as the UE’s average transmit power over 1 ms subframe does not exceed Pcmax. On the other hand, UE’s average transmit power over a subframe including the partial overlap duration should not exceed Pcmax. 
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Figure 1. Overlap between PUCCH/PUSCH and PUSCH

However, the amount of excessive UE average transmit power over Pcmax due to the partial overlap will be very small due to the short overlap duration. For example, even if the transmit power in both TAG1 and TAG2 in figure 1 is equal to Pcmax, UE’s average total transmit power in subframe n or subframe n+1 will be around 0.13 dB over Pcmax assuming 30 us overlap duration. Therefore, simple approach may be desirable to handle the power limitation as follows.

Approach 1) No specific handling of the UE transmit power limitation related to the partial overlap in RAN1 specification

With this approach, Network should configure a UE with appropriate Pcmax,c for each cell so that UE average transmit power over aggregated cells should not exceed Pcmax even if the UE total transmit power during the partial overlap duration exceeds Pcmax. Therefore, UE has no response for handling this situation.
Approach 2) UE reduces transmit power of a physical channel to limit its average total transmit power in a subframe up to Pcmax.
With this approach, when a UE’s average transmit power during a subframe will exceed Pcmax due to the excessive total transmit power during partial overlap, UE should reduce transmit power of a physical channel so that its average transmit power should be up to Pcmax. Since the required amount of transmit power reduction will be relatively small, it may not be necessary to define exact physical channel for the power reduction and the exact amount of power reduction in the specification.

Among the two approaches above, approach 1 would not require any specification efforts while approach 2 would make UE behaviour clearer. Therefore, we suggest discussing those 2 approaches.

Proposal 1: Consider approach 1 and approach 2 for the handling of power limitation in case of partial overlap between PUCCH/PUSCH and PUSCH.

3. Partial/full overlap between SCell PRACH and PUCCH/PUSCH
As described in a previous section, it was already agreed in RAN1 to drop SRS for the power-limited situation in both cases of “partial overlap” and “full overlap” with SCell PRACH. It was also agreed prioritizing PRACH on SCell over PUCCH/PUSCH in case of “full overlap” for the power-limited situation, while the UE behaviour in case of “partial overlap” is still TBD. 
However, it may not have a significant meaning distinguishing partial and full overlap between PRACH and PUCCH/PUSCH. PRACH transmission does not follow TA of the corresponding TAG but PRACH in a TAG always starts from the same or delayed timing from the subframe boundary of any other aggregated TAGs at a UE perspective. Therefore, for example, with PRACH preamble format 0, if the NTA value of the TAG for PRACH transmission is large (the NTA value of other TAGs will be within (30 us around that of TAG for PRACH transmission), PRACH transmission in subframe n will overlap with a large portion of PUCCH/PUSCH transmission in subframe n+1 of another TAG as in figure 2(a). On the other hand, if the NTA value of the TAG for PRACH transmission is small enough, PRACH transmission in subframe n will never overlap with PUCCH/PUSCH transmission in subframe n+1 in another TAG as in figure 2(b).

Moreover, there are PRACH formats [4] whose transmission length is much longer than 1 subframe. In this case, PRACH transmission which starts from subframe n overlaps with PUCCH/PUSCH transmission in both subframe n and subframe n+1 in another TAG as shown in figure 2(c) and 2(d) above.
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Figure 2. Overlap between PRACH and PUCCH/PUSCH

As explained above, since PRACH transmission in a TAG can overlap within a various portion of the PUCCH/PUSCH transmission in another TAG, it may not be appropriate to define separate UE behaviour between partial and full overlapping cases (or else, we should define exact duration of partial overlapping and full overlapping). Therefore, PRACH can be prioritized over PUCCH/PUSCH in the power-limited situation without distinguishing “full” or “partial” overlap cases. More specifically, UE should reduce transmit power of PUCCH/PUSCH whenever it overlaps with PRACH so that total transmit power does not exceed Pcmax.
Proposal 2: For the power-limited case, UE should reduce transmit power of PUCCH/PUSCH when it partially or fully overlaps with PRACH so that total transmit power does not exceed Pcmax.

4. Summary
In this paper, we discussed the parallel transmission of PRACH/PUSCH/PUCCH in different TA groups for the power-limited case. The proposals in this paper are summarized as follows.
Proposal 1: Consider approach 1 and approach 2 for the handling of power limitation in case of partial overlap between PUCCH/PUSCH and PUSCH.

Approach 1) No specific handling of the UE transmit power limitation related to the partial overlap in RAN1 specification

Approach 2) UE reduces transmit power of a physical channel to limit its average total transmit power in a subframe up to Pcmax.
Proposal 2: For the power-limited case, UE should reduce transmit power of PUCCH/PUSCH when it partially or fully overlaps with PRACH so that total transmit power does not exceed Pcmax.
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