3GPP TSG-RAN WG4 Meeting #92	R4-1908246
Ljubljana, Slovenia, August 26th – 30th, 2019

[bookmark: Source]Agenda item:	7.5.8.2
Source: 	Intel Corporation
Title: 	Side conditions on beam correspondence test
Document for:	Approval
Introduction
In RAN4#91, the beam correspondence requirements for PC3 were finalized except for side conditions for beam correspondence conformance test. In this contribution, we present our view on SSB and CSI-RS configurations and required SNR for beam correspondence conformance test.
Discussion
In RAN4#91, the beam correspondence tolerance requirement of Y=3dB at X=85%-tile for PC3 was derived based on assumptions on a set of parameters including RSRP estimation error. Although the RSRP estimation error in dB was agreed in the WF [1] to follow normal distribution with 0 mean and 2dB standard derivation as base-line assumption, companies that submitted simulation results used RSRP estimation errors either with  = 1.5dB or  = 2dB. The table summary [2] is reproduced below to reflect this observation.

	
	LGE
	Intel
	Apple
	Huawei
	Sony, Ericsson
	Nokia
	Qualcomm
	Samsung
	OnePlus

	BC tolerance spec 
( Y dB @ 85%-tile )
	Y=6
	Y<=[5.8]
	Y=3.5 (n257/258/261)
Y=3.9(n260)
	Y=3.5
	Y=3
	Y=2
	/
	Y=2.5
	Y=3.5

	Phase error
	=10 (per beam)
	=10 (per beam)
	=16
	=16
	=16
	/
	/
	=16
	=16

	amplitude error
	=2dB(per beam)
	=2dB(per beam)
	=2dB
	/
	=2dB
	/
	/
	=2dB
	=2dB

	RSRP error
	=2dB
	=2dB
	=1.5dB
	=2dB
	=2dB
	/
	=0.7dB
	=1.5dB
	

	SNR
	/
	High enough
	range of [6.4, 19.4]dB
	Assume 10dB
	/
	/
	/
	/
	/




Observation 1: The values of RSRP estimation error used by companies that provided simulation result of Y were  = 1.5dB and  = 2dB. 

The source of RSRP estimation error  comes from two parts – RF and Baseband. The RF part, denoted as , is from RF path accuracy, and BB part, denoted by , is determined by signal SNR and fixed-point implementation. Given , must be known first to get  which is used to determine the required SNR for SSB and CSI-RS.

In WF [3], when determining L1-RSRP accuracy, RF margin = 4dB for FR2 under normal condition was agreed. The agreement is excerpted below with the highlighted for RF margin. 




The final L1-RSRP accuracy is lump sum of fading condition margin, RF margin and BB margin [3]. Since in beam correspondence conformance test, channel is AWGN channel, fading condition margin probably can be ignored.

With RF margin = 4 dB, considering it is 2* value corresponding to 95% confidence interval it is can be derived that

 = 2dB

Since the assumption of  was at most 2dB used by companies in the simulations to derive Y value for beam correspondence tolerance requirement, there is no any margin left for . 

Observation 2: Based on RF margin = 4dB in determining L1-RSRP accuracy under normal condition, It is reasonable to use  = 2dB, and there is no room to set any non-zero value for .

Achieving  = 0 is not possible in practice but  can be minimized when SNR is high. On the other hand, considering limited transmit power at TE and UE antenna array gain roll off from peak, high SNR is also not possible to maintain at all test grid points on the sphere. It is reasonable to maintain good SNR for only top 50% tile spherical coverage points for PC3 UE. Based on our analysis, for CSI-RS with PRB =48, D=3, the required SNR at top 50%-tile spherical coverage points should be no less than 8.0dB. 

In 38.101-2, the EIS spherical coverage for PC3 at 50%-tile CCDF with 50MHz channel BW is -77.4dBm for band n257, n258 and n261, -73.1dBm for band n260. This requirement was derived based on assumption of -1dB SNR. For 50MHz channel BW with SCS=120 KHz, the maximum NRB = 32. When required SNR goes to 8.0dB and BW expends to 48 PRB, the required EIRP for beam correspondence test can be calculated to be -77.4 + (8+1) + 10*log10(48/32) = -66.6dBm for band n257, n258 and n261, and -73.1 + (8+1) + 10*log10(48/32) = - 62.3dBm for band n261 respectively.

Proposal 1: CSI-RS with PRB=48 and D=3 is considered in beam correspondence test along with SSB, at 50%-tile spherical coverage grid points, the required SNR >= 8.0dB for both signals, the required minimum EIRP at UE is -66.6dBm for band n257, n258 and n261, and -62.3dBm for band n261 respectively.


Next we need to consider how to configure SSB and CSI-RS. 

In Rel-15, both SSB and CSI-RS are agreed to be configured as downlink RS signals in beam correspondence conformance test. We consider SSB is mainly used for cell search and acquisition and CSI-RS is used for Rx beam tracking and refinement. 

The configuration is based on two antenna panels and 16 beams for each panel. It is reasonable assumed that the algorithm for cell search/acquisition and Rx beam tracking/refinement has no difference between beam correspondence conformance test and real operations since UE is not aware that it is under conformance test. 

The proposed SSB and CSI-RS configurations have following details:

1) Both SSB and CSI-RS use 120 KHz subcarrier spacing for simplicity although SSB can use 240KHz subcarrier spacing. 

2) SSB burst periodicity initially should be set to 20ms for UE to do initial cell search and acquisition. After UE enters RRC connected-mode, the periodicity can be changed to 10ms or 5ms to reduce the overall testing time. 

3) Between any two consecutive SSB bursts, one slot is configured with CSI-RS resource with repetition = 8 (8 same CSI-RS symbols in a slot, denoted as CSI-RS(8)). The downlink RS signal pattern (sequence) is 

SSB burst, CSI-RS(8), SSB burst, CSI-RS(8), …, SSB burst, CSI-RS(8), … 

Within a SSB burst, there are up to 64 SSB blocks with incremental index values starting from 0 for 120KHz SCS. TE should make sure strongest SSB beam points to UE at quiet zone. CSI-RS(8) signals in the sequence should always have the same spatial relationship (QCL type D) associated with this strongest beam (or index).

4) For each link direction (grid point), two SSB bursts and their following CSI-RS slots are provided. During this time, there is no UE rotation. 

5) The SSB and CSI-RS pattern should keep running without interruption even during the UE rotation. 

6) When UE rotates, it should be progressively from one test grid point to its adjacent test grid point to prevent UE from having random brutal jump.  


Proposal 2: SSB and CSI-RS should have the following configurations:
1) Both SSB and CSI-RS use 120 KHz subcarrier spacing.
2) SSB burst periodicity initially should be set to 20ms for UE to do initial cell search and acquisition. After UE enters RRC connected-mode, the periodicity can be changed to 10ms or 5ms to reduce the overall testing time.
3) Between any two consecutive SSB bursts, one slot is configured with CSI-RS resource with repetition = 8. All CSI-RS slots should have the same spatial relationship (QCL type D) associated with the index of strongest SSB beam (relative to UE).
4) For each link direction (grid point), two SSB bursts and their following CSI-RS slots are provided. During this time, there is no UE rotation.
5) The SSB and CSI-RS pattern should keep running without interruption during entire BC test.
6) UE rotation should be done progressively from one test grid point to its adjacent test grid point. 
Conclusion
In this contribution, we provide our analysis on side condition for beam correspondence test. We have the following observations and proposals.

Observation 1: The values of RSRP estimation error used by companies that provided simulation result of Y were  = 1.5dB and  = 2dB. 

Observation 2: Based on RF margin = 4dB in determining L1-RSRP accuracy under normal condition, It is reasonable to use  = 2dB, and there is no room to set any non-zero value for .

Proposal 1: CSI-RS with PRB=48 and D=3 is considered in beam correspondence test along with SSB, at 50%-tile spherical coverage grid points, the required SNR >= 8.0dB for both signals, the required minimum EIRP at UE is -66.6dBm for band n257, n258 and n261, and -62.3dBm for band n261 respectively.

Proposal 2: SSB and CSI-RS should have the following configurations:
1) Both SSB and CSI-RS use 120 KHz subcarrier spacing.
2) SSB burst periodicity initially should be set to 20ms for UE to do initial cell search and acquisition. After UE enters RRC connected-mode, the periodicity can be changed to 10ms or 5ms to reduce the overall testing time.
3) [bookmark: _GoBack]Between any two consecutive SSB bursts, one slot is configured with CSI-RS resource with repetition = 8. All CSI-RS slots should have the same spatial relationship (QCL type D) associated with the index of strongest SSB beam (relative to UE).
4) For each link direction (grid point), two SSB bursts and their following CSI-RS slots are provided. During this time, there is no UE rotation.
5) The SSB and CSI-RS pattern should keep running without interruption during entire BC test.
6) UE rotation should be done progressively from one test grid point to its adjacent test grid point. 
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L1-RSRP accuracy for FR2

•

Relative accuracy requirements 

•

Considering fading condition (+1.0dB), RF margin for FR2 (+4.0dB)

•

Absolute accuracy requirements

•

Normal condition with Io=-70dBm/BW is same as the relative accuracy of normal 

condition because FR2 cannot compensate the RF impairments, i.e., [+/-6.5]dB

•

Extreme condition with Io=-70dBm/BW is derived by adding 3dB to the absolute L1-

RSRP accuracy in normal condition. 

•

Normal condition with Io=-50dBm/BW is derived by adding 2dB to the absolute L1-

RSRP accuracy in normal condition with Io=-70dBm/BW.

•

Extreme condition with Io=-50dBm/BW is derived by adding 2dB to the absolute L1-

RSRP accuracy in extreme condition with Io=-70dBm/BW.

Normal condition Extreme condition

SSB based relative L1-RSRP [+/-6.5]dB [+/-9.5]dB

CSI-RS based relative L1-RSRP [+/-6.5]dB [+/-9.5]dB
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