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1. Introduction
RAN1#90Bis agreed the following for UL MIMO
Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

TPMI codewords from the codebook are used by gNB accordingly
As opposed to LTE, UL MIMO has now different modes and they distinguishable by UE capability. RAN4 should discuss how to specify requirements differentiating the UL MIMO modes. In this paper we discuss and propose a way to define requirements for coherent UL MIMO which were not discussed in [1] .
2. Discussion

2.1.1. Definition of coherence
In RAN1 agreement, full coherence means that all antenna ports are capable of coherent transmissions. Partial coherence means that some antenna ports are capable for coherent transmissions. In RAN4 requirements, these are easily defined and we can come back to the difference between full and partial coherence once we have established how requirements differ between coherent and non-coherent capable UEs. 
Earlier RAN1#90 Agreed the following codebook or TPMI index. 
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This implies that the coherent transmissions must maintain the phase and amplitude of the simultaneous transmissions. RAN1 is discussion how and which codewords will be used if network receives information that UE supports or does not support coherence. RAN4 can leave that discussion to RAN1 and concentrate on how to define phase and amplitude coherence between TX ports.

For amplitude coherence, it is important to be able to maintain as equal transmission power as possible between two simultaneous transmissions. For phase coherence, it is important to maintain same phase difference between two simultaneous transmissions. The common phase can vary and drift. 

2.1.2. Use cases

We could identify two different use cases RAN4 can use to define UE behavior: contiguous transmissions and SRS followed by UL grant after a gap. 
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Figure 1 Time line for UL MIMO operation
For contiguous transmission, UE should be able to maintain amplitude balance and phase difference during transmissions. How long, depends how often network updates the channel estimate using DMRS. In Figure 1, this is represented by time between Y and Z. Since DMRS is at least in every slot, at minimum UE must maintain amplitude and phase difference during one slot. Longer times maybe needed but this need further discussion in RAN4.  

For the gap case, it depends how fast network makes the channel estimate based on SRS and then communicated UL MIMO grant to the UE. In Figure this case is shown as the time between X to Y. At minimum, the gap is two slots since network must receive the SRS and schedule the UL grant and send the grant information to UE. UE then needs finite time to prepare for the UL transmission.   

It is unclear how power changes during the transmission should be handled. 
2.1.3. Testability aspects

Amplitude imbalance is rather easy to test since power level just needs to be measured and compared. Also phase imbalance should be possible to test by just comparing phases of the signals. Time aspect of the test need to be defined in more detail: is it instantaneous, averaged and if averaged for how long. It may be beneficial to test the power and phase in a symbol level.   
2.1.4. Requirement 

Below we show one way to write the requirement to 38.101.
UL MIMO requirements

For UEs declaring coherent UL MIMO, transmission power shall be accurate and UE shall maintain phase difference  between transmissions from different antenna ports within limits indicated in the Table X for the duration of time also indicated in Table X. Transmitters may be on for the whole duration of the time interval or maybe set to off state in between beginning of the transmission and end of transmissions. In both cases, UE shall requirements in Table X 
Table X Requirement for coherent transmissions between antenna ports

	Parameters
	Unit
	Value
	Time

	Amplitude difference
	dB
	FFS
	FFS msec

	Phase difference
	Deg
	FFS
	FFS msec


3. Conclusion
We discussed how to define requirements for UL MIMO. 
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4. Appendix: TP to TR 38.817-01      
5.8.5
Transmit intermodulation

On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, these requirements should be kept unchanged, and LTE and NR requirements can be applied separately.
5.9 UL MIMO

5.9.1 
Coherent UL MIMO

For NR, three flavors of UL MIMO has been agreed in RAN1

· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

RAN4 requirements for three different modes are needed. Use cases for coherent UL MIMO can be narrowed down to two, amplitude and phase balance between discontinuous transmission and contiguous transmission. Figure X shows the use cases.
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Figure 5.9.1 Timeline for UL MIMO transmissions

The amplitude and phase should be contiguous between times X, Y and Z with certain limits. 

One possible way to capture the reuirement in to TS 38.101 is below:

X.x.x 
UL MIMO requirements

For UEs declaring coherent UL MIMO, transmission power shall be accurate and UE shall maintain phase difference  between transmissions from different antenna ports within limits indicated in the Table X for the duration of time also indicated in Table X. Transmitters may be on for the whole duration of the time interval or maybe set to off state in between beginning of the transmission and end of transmissions. In both cases, UE shall requirements in Table X 

Table X Requirement for coherent transmissions between antenna ports

	Parameters
	Unit
	Value
	Time

	Amplitude difference
	dB
	FFS
	FFS msec

	Phase difference
	Deg
	FFS
	FFS msec
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