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1 Summary

Various issues related to transmission over multiple component carriers with multiple PAs were identified in RAN1 #58bis.  In this contribution we consider the following part of the Way Forward and open items [1]:

· Transmission over multiple component carriers can be realized with a single PA or multiple PAs

· In case of single PA

· UE should scale (or reduce to zero) power on different CCs in case of power limitation. The exact standardized rule is FFS

· The tx power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4. The exact standardized rule is FFSs.

· The multiple PA case is FFS.
· UE power headroom reporting in carrier aggregation and/or with simultaneous PUCCH/PUSCH is FFS 
In this contribution Sharp analyzes the issues related to multiple PA transmission for multiple CCs,  based on decisions made for the single/multiple antenna port modes.  We conclude that wherever possible the single PA mode behavior should be extended to multiple PA mode behavior within any band covered by a single transmit power regulatory constraints, and we suggest text for some of the open issues that are FFS in the above agreement.


2 Discussion and Way Forward

In certain ways, the discussion on multiple CC transmission mirrors that of previous discussions on Signal Antenna Port Mode transmission (see, e.g., [2] and references therein).  To a certain extent the questions about Multiple CC transmission on multiple PAs is partly a regulatory issue, and partly an implementation issue for vendors.

Regulatory requirements generally constrain overall transmit power within a frequency band.  To the extent that a set of CCs is contained within an interval of spectrum subject to the same regulatory constraints, the total transmitted power in that interval would have to be constrained as per the regulations.  Therefore a straightforward method for maintaining transmitted power levels would be to constrain the total power; so that power control constrains the total transmitted power of all CCs.  From the standpoint of the requirements for power control of the access network, of the link behavior for payload on individual carriers, and regulatory requirements, the matter is an implementation matter and does not require standardization beyond that which is needed to address these design aspects.  Additionally, for separate “regulated bands”, whether the same or different sets of single/multiple PAs are used should become an implementation detail.
Regarding the situation with scaling with multiple CCs and multiple PAs, we believe a consistent behavior between the single PA case, and the multiple PA case minimizes specification complexity.  By defining a behavior analogous to behavior we have already specified, (including the single PA case), we minimize specification complexity and standardization schedule risk, and we believe that extension of the single PA mode to multiple PA mode will achieve RAN1’s goals. 

Therefore we propose the following text to further define the open issues which were for FFS in the Way Forward (text additions shown as bold):

· Transmission over multiple component carriers can be realized with a single PA or multiple PAs

· In case of single PAs, or in case of multiple PAs where each PA serves single or multiple CC’s - 

· UE should scale (or reduce to zero) power on different CCs in case of power limitation. The exact standardized rule is FFS.

· Total transmitted power allocated to single PA or multiple PAs within a regulated band should be used as the basis for power control. The exact standardized rule is FFS.

· In the single PA case 

· The tx power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4. The exact standardized rule is FFSs.

· The multiple PA case is FFS. 
· Whether different regulated bands are served by the same or different set of single/multiple PAs is an implementation matter.
3 Conclusions

We have presented a Way Forward that ties together behavior for multiple PA modes for multiple CCs, which is a straightforward extension of current agreements, allow the UE to transition between Single Antenna Port Mode and Multiple Antenna Port Mode in a consistent manner and meets the requirements for power control of the access network, of the link behavior for payload on individual carriers, and regulatory requirements. We recommend adoption of the Way Forward above.
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