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Introduction
In Rel-15 of the 3GPP standard non-coherent and partial/non-coherent UEs cannot transmit at full power. RAN1 has made an agreement on 3 new UE capabilities to enable a UE to support full Tx power in UL transmission for power class 3 UEs [1]. The ability to use multiple PAs enables full UL power to be achieved in certain operating modes which were not possible before.
Discussion
In Rel-15 of the 3GPP standard non-coherent and partially coherent UEs cannot transmit at full power. For a single layer 2-antenna port system the available precoding matrices are given in figure 1. 
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Figure 1: Precoding matrix table for single layer 2-antenna system
UEs with non-coherent antenna can only use TPMI 0 and 1.  Rel. 15 specification of TS 38.213, section 7.1 requires the transmit power to be scaled by the ratio of the non-zero PUSCH ports to the total number of configured ports. For a PC3 UE this means that the maximum output power is limited to 20 dBm in codebook based transmissions.
[1] has outlined 3 capabilities as shown below:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability. 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23 dBm for PC3
For this case the precoding matrix is modified to either   or   and full PC3 TX power transmission on a single antenna port is possible as illustrated below
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Figure 2: Capability 1- Full rated power on each TX chain

· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design

For this capability the outputs of several PAs can be combined to give the total output power as illustrated below:
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Figure 3: Capability 2- No TX chain delivers full rated power
For the above multi PA transmission scheme a technique such as cyclic delay diversity (CDD) can be used, where one TX chain is cyclically delayed with respect to the other, in order to improve TX diversity performance of the link. Also, the methods for testing the performance of multi-antenna systems must be further discussed and endorsed by RAN4.

·  UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability.

In this capability UE can be configured for full power transmissions using either a single full power PC3 TX port or by combining the output power of 2 lower power transmissions as illustrated below. Note that this capability does not allow exceeding UE power class which would be possible since implementation could have for example 23 dBm PA and 20 dBm which together would be 24.8 dBm.  
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Figure 4: Capability 3- Subset of TX chains delivers full rated power
[bookmark: _GoBack]Since already Rel-15 enables single port HPUE and ULMIMO separately there are implementations with 26 dBm PA which is accompanied with 23 dBm PA. There is only one UE power class that covers both ULMIMO and single port basic transmission more transmissions. Therefore omitting PC2 from these capabilities would preclude some existing Rel-15 implementations. 
We have prepared a LS response to Ran1 on this topic [2].   
Conclusion
3 new UE capabilities to enable a UE to support full Tx power in UL transmission for power class 3 UEs has been defined by RAN1. These capabilities give the UE added flexibility to realize full TX power with more PA configurations than were available in the past.
Though this LS describes performance enhancements only for PC3 UEs it is recommended that the same capabilities be extended to PC2 UEs supporting 2 or 4 ports.
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