

	
3GPP TSG-RAN4 Meeting #106	R4-2302298
[bookmark: OLE_LINK16] Athens, Greece, 27th February 2023-3rd March 2023
	CR-Form-v12.2

	CHANGE REQUEST

	

	
	38.101-1
	CR
	1422
	rev
	-
	Current version:
	15.20.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	
	Core Network
	



	

	Title:	
	Updates to FR1 UL MIMO EVM measurement procedure (Rel-15)

	
	

	Source to WG:
	Keysight Technologies UK Ltd

	Source to TSG:
	R4

	
	

	Work item code:
	NR_newRAT-Core 
	
	Date:
	2023-02-17

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-15

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier 													release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
…
Rel-16	(Release 16)
Rel-17	(Release 17)
Rel-18	(Release 18)
Rel-19	(Release 19)

	
	

	Reason for change:
	FR1 UL MIMO EVM performance could be optimized if channel estimation is performed with RS+data instead of only with DMRS.

	
	

	Summary of change:
	1. [bookmark: OLE_LINK32]Correction of Figure F.10.1-1 where MIMO block is split into two blocks: one block is channel estimationand the other block is MIMO detector.
2. Add a Figure F.10.2-1 to describe how to use resources.
3. Modify the channel estimation and equalization description in section F.10.2
4. Remove the frequency smoothing in section F9.2 and F9.3

	
	

	Consequences if not approved:
	FR1 UL MIMO EVM Test accuracy could be very bad.

	
	

	Clauses affected:
	F.10 

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	X
	
	 Test specifications
	TS/TR 38.521-1 CR TBD 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	




Page 1








<<< START OF CHANGES >>>
F.10	EVM for UL MIMO
F.10.1	General
EVM for UL MIMO is measured per layer. A zero-forcing (ZF) MIMO receiver architecture is used so that dual layer transmissions by the UE can be demodulated by the test equipment receiver.
[image: ][image: ]
Figure F.10.1-1: EVM calculation block diagram for 2-Layer UL MIMO

The TE receives signals from 2 different ports which are connected to two antenna connectors in the test system. 
For UL MIMO measurements a MIMO equalization step as described in section F.10.2 is performed to separate the layers.
Each layer is then processed as described in section F.10.3 to receive the measurement results for each individual layer.
F.10.2	MIMO Equalization
The MIMO equalization is based only on reference signals (DMRS) without using any data symbols. In order to obtain comparable EVM results independent of the number of DMRS symbols per slot, only the first DMRS symbol in each slot is used. 
The effective 2x2 channel matrix is estimated using reference signals of different subcarriers, e.g. in case of DMRS antenna ports 0 and 2. In case that same subcarriers are used, e.g. DMRS antenna ports 0 and 1, a channel decomposition is necessary taking advantage of the orthogonal codes wf and wt and assuming identical channel coefficients for adjacent subcarriers of same CDM group.
The MIMO equalization is split into two steps, the first step of equalization is based only on reference signals (DMRS) in each slot without using any data symbols. The second step of equalization is based on the reference signals (DMRS) and the recovered reference from detected signal in each slot. 
The effective 2x2 channel matrix estimation is also divided into two steps:
· The first step is using reference signals of different subcarriers, e.g. in case of DMRS antenna ports 0 and 2. In case that same subcarriers are used, e.g. DMRS antenna ports 0 and 1, a channel decomposition is necessary taking advantage of the orthogonal codes wf and wt and assuming identical channel coefficients for adjacent subcarriers of same CDM group. 
· The second step is based on the reference signals (DMRS) and recovered reference signal from detected signal in same time-frequency grid as shown in the Figure F.10.2-1.
In Figure F.10.2-1, the frequency interval between two CDMs is 4, the frequency RE starts from the start of CDM and ends at the last RE adjacent to the next CDM as shown in figure below. For the first step, all the DMRS RE-s are used to estimate channel response, for the second step, all the DMRS RE-s and data REs are used to estimate channel response.
[image: ]
Figure F.10.2-1: Used resources for channel estimation

Effective channel including the precoding matrix P is:

with

where y denotes the received symbol on port index n and r the reference signal for layer index ν.
Since reference signals of a specific layer are transmitted only on subcarriers of one CDM group channel, interpolation is needed in order to obtain channel coefficients for all subcarriers. Channel interpolation is done using the channel coefficients of active CDM group in all other CDM groups.
The channel coefficients used to calculate the equalizer coefficients are obtained after channel smoothing in frequency domain by computing the moving average of interpolated channel coefficients. The moving average window size is 7. For subcarriers at or near the edge of allocation the window size is reduced accordingly.
The ZF equalizer coefficients are calculated as the inverse of the effective channel matrix, in general:


F.10.3	Layer processing
After performing the MIMO equalization as described in section F.10.2 each layer is processed using the existing procedure as defined in Annex E of TS 38.521-1 [4].
Since the channel estimation is calculated only on first DMRS symbol an averaging including all 14 symbols of one slot, i.e. data and reference signals, is needed in order to minimize EVM. The averaging is achieved by the least square (LS) equalization method described for single layer in Annex E.3. of TS 38.521-1 [4].
MS(f,t) and NS(f,t) are processed with a LS estimator, to derive one equalizer coefficient per time slot and per allocated subcarrier. EC(f) is defined for each layer as:

With * denoting complex conjugation. EC(f) are used to equalize layer data symbols.
EVM equalizer spectral flatness is derived from equalizer coefficients for each layer as follows:

<<< END OF CHANGES >>>
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