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1. Introduction

Following options are agreed for supporting full power transmission in UL in previous meetings:
Option 1: Refinement/adjustment of UL codebook is supported

· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs

· 1-2: Introduce additional scaling factor for uplink codebook

Option 2: UE transparently apply a small cyclic or linear delay

Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)

· Note: Full rated PA refers to a PA having power not lower than that of the power class

Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL
Option5: For the precoders with 0 entries, the linear value 
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  of a PUSCH transmission power is scaled by a ratio (Rel-16.  The value of (Rel-16 is selected up to UE implementation within the range of [(Rel-15, 1],  where (Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  

· UE is required to maintain consistent (Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH

In this contribution, we further analyze the options above, and also provide additional link level simulation results for option 1-1.
2. Discussion
The options for supporting full power transmission in codebook based UL is categorized in the table1 below:
Table1:

	Refinement/adjustment of UL codebook
	Option 1-1: New codebook subset for non-coherent/partial-coherent 
	Performance impact of using coherent 2 TX codebook is negligible, performance impact for 4 TX codebook is less than 1dB

	
	Option 1-2: Additional scaling factor for UL codebook
	This alone doesn’t work, need to combine with power control mechanism below

	Through power control mechanism
	Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
	New power control mechanism with new UE capability allowing UL full power transmission. It could be similar to 3-1 below 

	
	Option 3A: UE RF architecture dependent power control mechanism
	This option is not reasonable, power control shouldn’t depend on UE RF architecture

	Based on UE implementation
	Option 4: Up to UE implementation with UE capability signaling
	our understanding of this option is to set scaling factor to 1 which is similar to non-codebook based

	
	Option 2: Transparently applies a small cyclic or liner delay
	SRS is also transmitted in similar manner

	
	Option 5: For precoders with 0 entries power scaling is chosen between Rel-15 scaling factor and 1
	our understanding of this option is similar to 3-1 above, a new UE capability for scaling factor 1


From the table1, it can be observed that option 1-2 is not complete in itself and option 3A is not reasonable. 
Option 3 requires hardware implementation where each Tx chain supports full power transmission, in above example of 2 Tx UEs employing 23dBm+23dBm PAs are required for power class 3 UEs. However, from the perspective of UE implementation, such solution shall lead to some risks. Firstly, employing full rated PAs and corresponding transmission filter on each transmit chain will certainly raise the cost of UE hardware, and there are other hardware implications as well. Secondly, employing full rated PAs on each Tx chain will increase the area of the PA core circuitry and also increases the risk of reliability (PA itself and post-PA filters). Thirdly, full rated PAs working at lower power indicates deviation from the peak PA efficiency and that is not optimal for overall current consumption. On the other hand, RAN4 defined HPUE, that is power class 2, and it has been agreed that 23dBm+23dBm PAs can achieve 26dBm in all cases including single layer transmission. HPUE is a capability which may not be supported in near future.
Observation: for non-coherent transmission capable UE, in single antenna port transmission or codebook based UL transmission scheme with full rated PAs on each transmit chain has hardware impact on the UE and cannot solve the core issue of achieving full power transmission. 

In Rel-15, for the non-coherent transmission capable UEs when configured with codebook based UL transmission only antenna selection precoders can be used, for partial-coherent transmission capable UEs on top of antenna selection precoders extra precoders allowing antenna combining in a panel (or a group Tx antennas) can also be used. In this case, in Rel-15, for non-coherent transmission capable UE in codebook based transmission with rank 1 transmission may not achieve full power transmission, which certainly impacts UL coverage. 
Option 1-1 in above agreements is about introducing new subset of UL codebook for non-coherent transmission capable UEs. In Rel-15, for non-coherent transmission capable UEs the precoders are limited to antenna selection vectors is due to phase inconsistency between Tx chains, which means the UE cannot guarantee the precoder applied on PUSCH is same as gNB indicated TPMI for non-antenna selection precoders. Allowing all transmit chains for rank 1 or single antenna port PUSCH transmission certainly provides gain in terms for maximum transmit power, especially in coverage limited scenario. Below we provide link level simulation results, in this simulation campaign, we consider different sets of rank 1 precoders for 2Tx and 4Tx with/without phase error.
Case1: full set of precoders are used without phase error, i.e. coherent transmission in UL
Case2: full set of precoders are used with phase error uniformly distributed within [-80, +80] degrees.

Case3: codebook subset with TPMI indices 0 and 1 are used with phase error uniformly distributed within [-80, +80] degrees.

Case4: codebook subset with TPMI indices 2 and 3 are used with phase error uniformly distributed within [-80, +80] degrees.

In the simulation, SRS is transmitted every 40ms, that means TPMI is updated once in 40ms, but for cases 2, 3 and 4 a random phase is introduced on one antenna relative to other antenna in each slot. Only rank 1 is simulated since full power transmission in UL is only relevant to this scenario in the case of 2 Tx, MCS is dynamically selected according to SRS measurement. Other simulations assumptions can be found in appendix. Figure 1 shows link simulations results comparing four cases: 
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Figure 1, link level simulation results, 2Tx
From the curves in the figure 1, it is not hard to notice that there is some performance degradation for case 2 compared to case 1, however the performance difference is marginal. Case 4 performs almost same as case 2 due to the reason that in case 2 (including case 1) TPMI index 0 and 1 are never selected and TPMI 4 and 5 performs similar to TPMI index 2 and 3 with phase error. It not difficult to understand the reason for above simulation results of TPMI indices 2,3,4,5 with full-coherent and non-coherent transmission, quantization granularity of 2 Tx codebook is very coarse which is not so sensitive to phase error. Case 3 where codebook subset is restricted to TPMI indices 0 and 1 only, and due to power split between 2 antennas only half of the total transmit power is used, as the result, the performance is significantly worse than cases 1,2, and 4.
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Figure 2, link level simulation results, 4Tx
In the figure 2, Full/Partial/Pon codebook means all TPMIs are used where as Partial/Non codebook means only partial and non-coherent TPMIs are used and Non codebook means only non-coherent TPMIs are used; -o- curves are assuming coherent UE antennas and -*- curves are assuming non-coherent UE antennas. It can be observed that the performance of Full/Partial/Non codebook TPMIs with non-coherent UE antennas is slightly worse (about 1dB) than with coherent UE antennas. 
Furthermore, we also evaluate link performance of UL precoding for rank 1 transmission. Figure 3 and 4 show the performance of 4Tx precoder with 1Rx and 4Rx antennas at gNB assuming same transmission power for all TPMI precoders including antenna selection TPMIs. Different curves are obtained for different subset of TPMI precoders, it can be observed that the TPMI subset of antenna selection precoders performs worst compared to the TPMI subset of Full/Partial/Non-coherent precoders with 1 Rx at gNB. 
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Figure 3, performance of 4Tx rank 1 precoders with 1 Rx at gNB 
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Figure 4, performance of 4Tx rank 1 precoders with 4 Rx at gNB
In figure 4, it is interesting to notice that all three curves overlap, meaning that the TPMI subset with zero entries in the precoder perform same as other TPMI subset. When the transmit power is same, it doesn’t matter if all antennas are used for transmission or not, that means there is no significant precoding gain. The reason for this could be due to coarse granularity of UL codebook and only wideband preocoding is supported in UL. This also proves that power gain is important in UL.
Proposal: introduce new codebookSubset for non-coherent and partial-coherent transmission capable UEs, reuse the codebook indices defined for full-coherent transmission.
3. Conclusion

In this contribution with discussed the issues of full power transmission in UL, also provided link level simulation results, we have following observation and proposal:
Observation: for non-coherent transmission capable UE, in single antenna port transmission or codebook based UL transmission scheme with full rated PAs on each transmit chain has hardware impact on the UE and cannot solve the core issue of achieving full power transmission. 

Proposal: introduce new codebookSubset for non-coherent and partial-coherent transmission capable UEs, reuse the codebook indices defined for full-coherent transmission.
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Annex 
Simulation assumptions

	Parameters
	values

	System bandwidth
	10 MHz

	SCS
	15KHz

	Carrier Frequency
	4 GHz

	Channel model
	TDL-C, DSdesired=300ns。

	Antenna configuration
	UE: 2Tx, gNB: 4Rx

	Phase error (in the case of non-coherent transmission)
	Uniform distribution [-80, +80] degrees between 2 antennas in each slot

	Resource allocation 
	12 PRBs

	SRS periodicity
	40ms

	Supported rank
	1

	HARQ
	ON, AMC with 10% initial BLER

	Coding 
	NR LDPC + CRC

	UE Speed
	3 km/h 

	Receiver
	Practical Channel Estimation
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