3GPP TSG RAN WG1 #96			R1-1902814
Athens, Greece, 25th February – 1st March, 2019

Source:	NTT DOCOMO, INC.
Title:	Full Tx Power UL transmission
[bookmark: Source]Agenda Item:	7.2.8.4
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#AH1901 meeting, full Tx power UL transmission was discussed and following agreement was made [1].
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· 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 23dBm for PC3
· 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
· 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
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details
Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).

[bookmark: _Hlk524526354]In this contribution, we discuss further on the full Tx power UL transmission.
2. Discussion
In the above agreement, there are three possible UE capabilities assuming different Tx chain architectures. UE with capability 1 has full rated PA on each Tx chain so that the UE can transmit with full power for any antenna port and any combination of antenna ports. UE with capability 2 does not have full rated PA, and multiple PAs need to be used together to achieve full power transmission e.g., using small cyclic delay at each antenna port. UE with capability 3 has full rated PA on a subset of Tx chains, and hence UE can transmit with full power at least for some antenna port(s) and/or antenna port combination(s). In these UE capabilities, UE with capability 1 can transmit with full power for any antenna port and antenna port combination, but the UE needs to take high implementation cost and not so many UE could implement it. On the other hand, UE with capability 2 and capability 3 have an advantage over UE with capability 1. UE with capability 2 and capability 3 can have lower implementation cost than UE with capability 1 since number of full rated PAs in capability 2/3 is smaller than that in capability 1. Therefore, we believe capability 2 and/or capability 3 should be further studied and supported in addition to capability 1. 
Compared to UE with capability 3, UE with capability 2 would have lower performance in case of full power transmission because non-coherent antenna ports would need to be used together with small cyclic delay. On the other hand, at least for single layer transmission with full power, UE with capability 3 doesn’t need to use more than one antenna port since the UE has at least one full rated PA. One possible way for UE with capability 3 to enable full power transmission for any antenna port or antenna port combination is the antenna port switching, as described in Figure 1.

Figure[image: ] 1. Example of antenna port switching to transmit full power with UE with capability 3
(single layer, four antenna ports)

[bookmark: _Hlk1136331]As illustrated in the Figure 1, when precoding matrix using only antenna port(s) with non-full rated PA (e.g. PA#1 in this example) is indicated, full rated PA (e.g. PA#0 in this example) is switched to the antenna port to transmit with full power. Hence, even if a UE is indicated the precoding matrix using antenna ports with non-full rated PA, the UE can transmit with full power by switching the antenna port for full rated PA. However, a certain time duration may be needed for the antenna port switching. If the antenna port switching for full rated PA takes longer processing time than the minimum duration from configured UL grant to PUSCH transmission, NW needs to configure UL grant so that the duration from the UL grant to PUSCH transmission is longer than the UE processing time for antenna port switching. Hence, we should study how long the necessary duration for the antenna port switching is. For reference, SRS antenna switching procedure is specified in Rel-15. In SRS antenna switching procedure, the minimum guard period between two SRS transmissions with antenna switching has been specified [2]. We believe the necessary duration for the antenna port switching for full power transmission can be the same order as the guard period for SRS antenna switching in Rel-15. Based on the above discussion, we would like to provide following proposals.
Proposal 1: 
· UE capability 2 and/or capability 3 should be further studied and specified in addition to UE capability 1.
· In UE with capability 3, the antenna port switching for full rated PA should be assumed so that the UE can transmit with full power for any antenna port and antenna port combination.
Proposal 2: 
· [bookmark: _GoBack]For UE with capability 3, the necessary time duration for the antenna port switching should be studied.

3. Conclusion
In this contribution, we discussed on the full Tx power UL transmission. Based on the discussion, we made following proposals.
Proposal 1: 
· UE capability 2 and/or capability 3 should be further studied and specified in addition to UE capability 1.
· In UE with capability 3, the antenna port switching for full rated PA should be assumed so that the UE can transmit with full power for any antenna port and antenna port combination.
Proposal 2: 
· For UE with capability 3, the necessary time duration for the antenna port switching should be studied.
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e.a. Indicated precoding matrix
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P : UE maximum output power [dBm]
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