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Introduction
Non-codebook based UL MIMO as well as the notion of different UE transmission coherence capabilities have been introduced in NR. In this contribution, we discuss the behaviour of how UL power control is currently specified considering these newly introduced features, and propose some corrections to the issues we find. 
UL MIMO in NR
Non-codebook based UL MIMO
Both codebook based as well as non-codebook based UL MIMO are supported in NR. Codebook based transmission is very similar to what existed in LTE, but non-codebook based transmission is a new feature that did not exist in LTE.  For this scheme a set of SRS resources are transmitted where each SRS resource corresponds to one SRS port precoded by some precoder selected by the UE. The gNB can then measure the transmitted SRS resources and signal to the UE one or multiple SRIs to instruct the UE to perform PUSCH transmission using the precoders corresponding to the signalled SRS resources. The rank in this case will be determined from the number of SRIs signalled to the UE.   
By configuring the UE with the higher layer parameter SRS-AssocCSIRS and with the higher layer parameter ulTxConfig set to 'NonCodebook', the UE may be configured with an NZP CSI-RS to utilize reciprocity to create the precoders used for SRS and PUSCH transmission. Hence by measuring on the specified CSI-RS, the UE will be able to perform gNB transparent precoding based on reciprocity. 
Another mode of operation is to instead let the UE choose the precoders such that each SRS resource corresponds to one UE antenna. Hence, in this case the SRS resource would be transmitted from one UE antenna at the time and the SRIs would hence correspond to different antennas. Thus, by choosing the UE precoders like this the gNB will be able to perform antenna selection at the UE by indicating different SRIs which in turn will correspond to different antennas.    
UE coherence capability
[bookmark: _Hlk510732493]NR has been designed under the assumption that a UE can control the relative phase between all (full coherence), a subset (partial coherence) or none (non-coherence) of its transmit chains. Full coherence, partial coherence, and non-coherent UE capabilities are identified according to the terminology of 3GPP TS 38.214 version 15.0.1 as ‘fullAndPartialAndNonCoherent’, ‘partialCoherent’, and ‘nonCoherent’, respectively.  This terminology is used because a UE supporting fully coherent transmission is also capable of supporting partial and non-coherent transmission and because a UE supporting partially coherent transmission is also capable of supporting and non-coherent transmission. The NR codebooks in for UL MIMO have been designed with these UL coherence capabilities in mind: a UE can be configured to operate with a subset of the codebooks that only requires the coherence capability that it supports.
PUSCH power control
[bookmark: _GoBack]For PUSCH power control the following is specified in TS 38.213 section 7.1:




For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 



We will in the following discuss the implication of this text from a number of different examples. In these examples, let  be denoted as P in order to simplify the notation.
Codebook based transmission
UE capability: fullAndPartialAndNonCoherent  
Below in Table 1 we illustrate three examples for a 4 port UE with full coherence using codebook based precoding. Regarding these examples we note that 
· Example #1 corresponds to a codeword that can be used by UEs with all three different UE capabilities in terms of non-coherent, partially-coherent and fully coherent. 
· Example #2 corresponds to a codeword that can be used by UEs with partially-coherent and fully coherent capability. 
· Example #3 corresponds to a codeword that can be used only by UEs with full coherence capability. 
	Example
	TPMI
	Rank
	Precoder (from TS 38.211 v15.0.0)
	Effective precoder after power control.  
	Maximum total transmit power

	#1
	TPMI=0
	1
	

	
sqrt(P/4) * 
	P/4

	#2
	TPMI=4
	1
	

	

	P/2

	#3
	TPMI=12
	1
	

	
sqrt(P/4) *
	P


[bookmark: _Ref510767449]Table 1. Examples of codebook based transmission with a full coherence capable UE.
From the above examples we note that for Example #1 only P/4 is transmitted. The reason for this is that the specification states that one should scale the power P “by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme”. Thus, antenna ports transmitting no power will reduce the total power. Hence, the total power generated by using this precoder will be lower than if we would use the codeword as given by Example #3. This property is desirable since it will allow the UE implementation to reduce power by choosing certain codewords.
Observation: 
· 
Some codewords will result in a total power of  being transmitted. 
· 
Some codewords will result in a total power less than  being transmitted. 
[bookmark: _Ref510773563]UE capability: nonCoherent and partialCoherent
Below in Table 2 we instead consider a UE with non-coherent capability. 
	Example
	TPMI
	Rank
	Precoder (from TS 38.211 v15.0.0)
	Effective precoder after power control.  
	Maximum total transmit power

	#4
	TPMI=0
	1
	

	
sqrt(P/4) * 
	P/4

	#5
	TPMI=0
	2
	

	

	P/2


[bookmark: _Ref510767672]Table 2. Examples of codebook based transmission with a non coherence capable UE.


Here we get the opposite behaviour compared to the full coherence UE: the power per layer is constant and lowering rank will hence not increase the SNR per layer at the gNB side. This makes it less appealing for the UE to use a lower rank. Furthermore, although the UE is allowed to transmit with a total power of  it will only do so when using full rank. This is a severe limitation since it implies that when  reaches its maximal possible value P_cmax the UE will transmit with the power P_cmax/4 (assuming rank 1). A UE reaching P_cmax is typically a UE corresponding to low SNR, at the gNB, and for such a ‘cell edge’ UE a low rank transmission with as high power as possible is typically a suitable strategy. The same effect will exist also for a UE with capability ‘partialCoherent’. 
Observations: 
· For UEs with non and partial coherence capabilities we note the following undesirable behavior 
· 
A total power of  cannot be transmitted for a rank 1 transmission, degrading cell edge performance. 
· The power per layer will not increase when the rank is reduced, degrading coverage of lower rank transmission. 
Non-codebook based transmission
Antenna selection

In case of non-codebook based transmission for a UE with 4 ports a set of 4 SRS resources corresponding to the UE antennas will be configured. Assume for instance that the first SRS resource is precoded with   which implies that PUSCH will be transmitted as in Table 3 given that SRI=1 is signalled from the gNB to the UE[footnoteRef:1].  [1:  Note that while similar precoders are used as for codebook based operation, the precoders shown for non-codebook based operation are chosen by the UE, and not indicated by TPMI.] 

	Example
	SRI
	Rank
	Precoder corresponding to SRS resource #1
	Effective precoder after power control.  
	Maximum total transmit power

	#6
	1
	1
	

	
sqrt(P/4) * 
	P/4


[bookmark: _Ref510773331]Table 3. Example of non-codebook based transmission corresponding to antenna selection. 
Since the number of antenna ports with a non-zero PUSCH transmission is 1, and since 4 antenna ports are configured for non-codebook based transmission, power control will set the total output power to P/4. Hence, also here we observe a behaviour similar to the examples presented in section 3.1.2. 
Observation: 
· For UEs operating with non-codebook transmission and antenna selection we note the following undesirable behavior 
· 
A total power of  cannot be transmitted for rank 1. 
· The power per layer will not increase when the rank is reduced. 
gNB transparent precoding based on reciprocity

In case that gNB transparent reciprocity based precoding is utilized at the UE the UE will determine the precoder based on an NZP CSI-RS measurement. As an example, consider the case when the first SRS resource is precoded with . This implies that PUSCH will be transmitted as in Table 4 given that SRI=1 is signalled from the gNB to the UE.  
	Example
	SRI
	Rank
	Precoder corresponding to SRS resource #1
	Effective precoder after power control.  
	Maximum total transmit power

	#7
	1
	1
	

	

sqrt(P/16) *
	P/4


[bookmark: _Ref510773919]Table 4. Example of non-codebook based transmission with gNB transparent precoding based on reciprocity. 
While the number of antennas transmitting is 4, the number of antenna ports with a non-zero PUSCH transmission is still 1 as in the above example, and since 4 antenna ports are configured for non-codebook based transmission, power control will set the output power in the single transmitting antenna port to P/4, which means that the total output power is P/4. Hence, although all antennas are used for transmission the UE will do a power back off since not all antenna ports are used. This is an undesired behaviour since it will deteriorate the performance of non-codebook precoding.
Observation: 
· For UEs operating with non-codebook transmission and gNB transparent precoding based on reciprocity we note the following undesirable behavior 
· 
A total power of  cannot be transmitted for rank 1. 
Text proposal
As shown by the previous examples the current specification is inefficient for codebook based transmission for some of the UE capabilities as well as for non-codebook based transmission. A potential solution would be to modify the 38.213 section 7.1 as follows: 

>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>





[bookmark: _Hlk510778088]For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme  and . T the resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted, where  for single antenna port transmission, and for multi-antenna port transmission:
·  with  where  
· 
 is the number of antenna ports  according to 38.211 6.3.1.5
· 
 be the number of non zero antenna ports in according to 38.211 6.3.1.5. 
· For non-codebook based transmission K=1. For codebook based transmission K is given from the table below, where ULCodebookSubset is a higher layer parameter. 
	[bookmark: _Hlk510777631]ULCodebookSubset
	Number of UE antenna ports
	K 

	fullAndPartialAndNonCoherent
	2
	1

	fullAndPartialAndNonCoherent
	4
	1

	partialCoherent
	4
	2

	nonCoherent
	2
	2

	nonCoherent
	4
	4



>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>


In Table 5 we illustrate the behaviour of the proposed modification:  
	Example
	Maximum total transmit power 
(current specification)
	Maximum total transmit power 
(given proposed modification)

	#1 Codebook Based,
Full Coherence, 
Transmission on 1 antenna
	P/4
	P/4

	#2 Codebook Based,
Full Coherence, 
Transmission on 2 antennas
	P/2
	P/2

	#3 Codebook Based,
Full Coherence, 
Transmission on 4 antennas
	P
	P

	#4 Codebook Based, 
Non Coherent, 
Transmission on 1 antenna
	P/4
	P

	#5 Codebook Based, 
Non Coherent, 
Transmission on 2 antennas
	P/2
	P

	#6 Non-Codebook Based, 
Antenna selection
	P/4
	P

	#7 Non-Codebook Based,  
gNB transparent precoding on 4 antennas
	P/4
	P


[bookmark: _Ref510783517]Table 5. Illustration of the proposed solution.  
We note that 
· For examples 1-3, corresponding to codebook based and full coherence, we get equivalent behavior for the two approaches. 
· For examples 4-5, corresponding to codebook based and a non coherent operation in a UE, the proposed modification solves the problem previously identified. 
· For examples 6-7, corresponding to non-codebook based transmission, the proposed modification solves the problem previously identified.
Based on this we propose: 
Proposal: 
· 
UL power control for PUSCH should be modified such that UEs using non-codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power. 
· 
UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power.
· Adopt the text proposal provided in this contribution. 
Conclusion
In this contribution, we have considered the behaviour of how UL MIMO power control is presently specified in 38.213.  The specification seems to primarily consider fully coherent codebook based operation, not addressing non-codebook based operation or taking into account UE coherence capability.  Our observations on the 38.213 text can be summarized as follows:
Observations: 
· Codebook based transmission with full coherence capability can achieve full transmission power, and can save power by selecting precoders that transmit on a single antenna.
· However, codebook based transmission by UEs with non and partial coherence capabilities cannot achieve the full transmission power for rank 1, degrading cell edge performance. 
· Similarly UEs using non-codebook transmission cannot achieve the full transmission power for rank 1, degrading cell edge performance. 
We therefore propose:
Proposal:
· 
UL power control for PUSCH should be modified such that UEs using non-codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power. 
· 
UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power.
· Adopt the text proposal provided in this contribution. 
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