[bookmark: _Hlk514061252][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #94-e-Bis	R4-2004992
Electronic Meeting, 20 – 30 Apr., 2020

Title:	Discussion on beam correspondence enhancement
Source:	Samsung
Agenda item:	6.14.1.2
Document for:	Discussion
1 Background
According to the discussion in RAN4#93 and RAN4#94e meetings, the main issue for SSB based BC is its feasibility; the main issue for CSI-RS based BC is finalization of side condition and the method to achieve “CSI-RS only” condition. In this contribution, we focus on discussion of these open issues and our view is proposed. For BC bit-0 UE, there is controversial views between companies and our compromised solution is proposed. 
Discussion
SSB based BC
In RAN4#93 meeting, it was addressed in WF [1] whether to specify SSB based BC or not depends on feasibility study. In RAN4#94e meeting, feasibility of SSB based BC was discussed but no consensus achieved. There was proposal to specify SSB based BC with relaxed requirements to MOP, as summarized in [2] which is not agreed but just noted:
· Alt 1-1: Is feasible with ∆p = 0 dB
· Alt 1-2: Is feasible with 0 < ∆p ≤ 3 dB
· Alt 1-3: Is feasible with 3 < ∆p ≤ 5 dB
· Alt 1-4: Is not feasible
We don’t think the relaxed MOP alternatives (Alt 1-2 and Alt 1-3) are possible options for SSB based BC. MOP with SSB based BC shall be satisfied without relaxation with guaranteed side conditions. If side condition of SSB based BC could not guarantee MOP, it means that SSB based BC is not feasible. From this point of view, Alt 1-2, Alt 1-3 and Alt 1-4 all indicates that SSB based BC is not feasible.
Observation 1:	relaxed MOP for SSB based BC means that SSB based BC is not feasible.
Based on above observation, in our view, there are only two options: 
· Alt 1-1: Is feasible with ∆p = 0 dB
· Alt 1-2/3/4: Is not feasible
Alt 1-1 means MOP for SSB based BC is no relaxation as long as side condition is guaranteed. Assuming side condition could be guaranteed, there is still problem due to two sets of MOP: MOP requirements for SSB based BC and CSI-RS based BC. Two sets of MOP indicated not only MOP test will be doubled, but also other TX test cases will be affected.
Two sets of MOP test may produce two different beam peak direction, however, most of other TX test cases are based on unique beam peak direction. Two different beam peak direction will make other TX test cases ambiguous. It is not reasonable and not affordable to test all TX test cases two times based on the two beam peak direction respectively.
Not only beam peak direction, but also side condition will be used for other TX test case. According to TS 38.101-2, beam correspondence side conditions for SSB and CSI-RS will be used for other test cases:
[bookmark: _Toc21340756][bookmark: _Toc29805203]6.1	General
Unless otherwise stated, the transmitter characteristics are specified over the air (OTA) with a single or multiple transmit chains. 
Unless otherwise stated, for power class 3 UEs, the beam correspondence side condition for SSB and CSI-RS specified in clause 6.6.4 shall apply to the transmission tests.

If two sets of MOP with two sets of side conditions, it will be a problem which side condition shall be used for other TX test cases. Double all other TX test cases with two sets of side condition respectively seems not practical.
Observation 2:	Two sets of MOP will introduce significant problems than expected. Two beam peak direction and two sets of side conditions for all other TX test cases make it unreasonable and unaffordable.
Based on above observations, it can be concluded that SSB based BC is not feasible, unless side condition can be guaranteed and two sets of MOP issue can be addressed.
Proposal 1:	SSB based BC is not feasible, unless side condition can be guaranteed and two sets of MOP issue can be addressed
As a compromise, we try to find solution to address the two sets of MOP issue. In our previous paper [3] we proposed that SSB based BC can be verified with other metric than MOP metric. This time we propose more solutions for discussion. One idea is that SSB based BC will be set as an optional feature, if UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped; if UE does not support SSB based BC, MOP will be based on CSI-RS based BC.
[bookmark: _Ref1149432]Observation 3:	One possible solution to address the two sets of MOP issue is to set SSB based BC as an optional feature. If UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped
CSI-RS based BC
Based on the discussions in previous meetings, the side condition and parameter configuration for CSI-RS based BC is getting converged. 
As analyzed and proposed in our previous paper [3], our preferred parameter configuration for CSI-RS based BC is shown in following table
	Parameter
	Value in WF
	Our proposal

	P1 CSI-RS periodicity
	Alt.1: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘SSB’
Alt.2: P1 CSI-RS is not configured; instead aperiodic P2 CSI-RS can be considered if necessary. If P2 CSI-RS is supported, its qcl-TypeD is ‘SSB’ 
Alt.3: P1 CSI-RS is configured with [TBD] ms periodicity, the QCL (qcl-TypeD) relation is configured as ‘none’
	Alt.1

	P3 CSI-RS repetitions per resource set
	Alt. 1: maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
Alt. 2: 8
	Alt.1

	P3 CSI-RS configuration repetition
	on
	

	P3 CSI-RS trigger
	Alt.1: once P1 CSI-RS is finished
Alt.2: once every SSB cycle (20 ms) if P1 CSI-RS is not configured
* The test time for Alt.1 is assumed less than or equal to Alt.2
	Alt.1

	Tracking CSI-RS periodicity
	reuse Rel-15
60 kHz SCS: 40 slots for CSI-RS resources 1 and 2
120 kHz SCS: 80 slots for CSI-RS resources 1 and 2
	

	P3 CSI-RS QCL info
	Alt.1: Type D to P1 CSI-RS
Alt.2:
If P2 CSI-RS is transmitted;
- Type A to TRS
- Type D to P2 CSI-RS
Otherwise;
- Type C to SSB 
- Type D to SSB
	Alt.1

	P1 CSI-RS QCL info
	Alt.1: P1 CSI-RS is transmitted and the QCL relation is configured as ‘SSB’ [14]
Alt.2: P1 CSI-RS is not transmitted
Alt.3: P1 CSI-RS is transmitted and the QCL relation is configured as ‘none’
	Alt.1



The controversial issue for CSI-RS based BC is the side condition on how to achieve “CSI-RS only” condition. In the discussion of RAN4#94e meeting, two methods get companies support as captured in [2], i.e.
· Alt 2-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
· Alt 2-2: decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
Other method which was also proposed as method for “CSI-RS only” is to configure QCL as ‘none’, listed as Alt 2-3 here for convenience, i.e.
· Alt 2-3: P1 CSI-RS is transmitted and the QCL relation is configured as ‘none’
As analyzed in our previous paper [3], Alt 2-1 can not guarantee “CSI-RS only” condition at all AoAs. Assume the CSI-RS SNR=6dB and SSB SNR=0dB at the AoA of 50% spherical coverage, then at the AoA of beam peak direction the estimated CSI-RS SNR=17dB and SSB SNR=11dB (calculated based on the around 11dB delta between peak EIRP spec and spherical coverage spec). SSB SNR is so high that UE can still use SSB for beam correspondence.
Observation 4:	Alt 2-1 (X dB back off method) can not guarantee effective “CSI-RS only” condition for all AoAs
About other method (Alt 2-3), as analyzed in [4 1913205], beam management CSI-RS can not be configured without QCL association, so the feasibility of Alt 2-3 is challenging. Even feasibility is presumed, it still can not physically prevent UE to use SSB for beam correspondence, in such case, there would be no difference from Rel-15 beam correspondence.
Observation 5:	Alt 2-3 (P1 CSI-RS QCL ‘none’) can not prevent UE to use SSB for beam correspondence even without considering feasibility issue.
Based on above analysis, it can be concluded that only Alt 2-2 can guarantee effective “CSI-RS only” condition for all AoAs, i.e., decreasing power level of SSB by using UE measurement report of SS-SINR until the reported SS-SINR get to the preset threshold. The side condition for CSI-RS based beam correspondence is summarized as following table:
Table 2.2-1 side condition for CSI-RS based beam correspondence
	Angle of arrival
	NR operating bands
	Maximum SSB_RP Note 2
	SSB Ês/Iot
	Minimum CSI-RS_RP Note 2
	CSI-RS Ês/Iot

	
	
	dBm / SCSCSI-RS
	dB
	dBm / SCSCSI-RS
	dB

	
	
	SCSCSI-RS = 120 kHz
	
	SCSCSI-RS = 120 kHz
	

	All angles Note 1
	n257
	power level (PSD) of SSB is initially set the same as that of CSI-RS, and then decrease SSB power until UE SSB based SS-SINR measurement reporting is within the threshold (≤-[3]dB)
	≤[-3]
	-96.4
	≥6

	
	n258
	
	
	-96.4
	

	
	n260
	
	
	-92.1
	

	
	n261
	
	
	-96.4
	

	Note 1:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1.
Note 2:	Values specified at the Reference point to give maximum SSB Ês/Iot and minimum CSI-RS Ês/Iot, with no applied noise.



Proposal 2:	apply Alt 2-2 (decreasing SSB power to threshold) as the method to achieve “CSI-RS only” condition for CSI-RS based beam correspondence, i.e., decreasing power level of SSB by using UE measurement report of SS-SINR until the reported SS-SINR get to the preset threshold. The threshold can be further discussed.
BC bit-0 UE further enhancement
It is a controversial issue on how to handle BC bit-0 UE in Rel-16. Some companies think that BC bit-0 UE shall not be allowed since Rel-16, and some companies think that Rel-16 BC capability shall apply the same rule as Rel-15. As a compromise, we propose that BC bit-0 UE can be kept in Rel-16 but be also further enhanced. 
BC bit-0 UE rely on SRS UL beam sweeping to find best beam for PUSCH to meet peak EIRP and EIRP spherical coverage requirements. In Rel-15, the number of SRS beams for UL sweeping (M_SRS) is fixed as 8 regardless of network signal status. In Rel-16, L1-SINR is newly introduced which make it possible to optimize the UL beam sweeping in terms of reducing the M_SRS value depending on UE measurement of L1-SINR. In such case, the sweeping beams could be adaptively changed and can be even to 0 if L1-SINR is good enough, so that both network and UE can benefit from this optimization. An example is shown in below table for illustration of the optimization to BC bit-0 UE.
Table 2.3-1 Illustration of BC bit-0 UE enhancement between Rel-15 and Rel-16
	L1-SINR reporting value
	M_SRS value for UL beam sweeping in Rel-15
	M_SRS value for UL beam sweeping in Rel-16

	L1-SINR >= A
	8
	Adaptive, e.g. 0

	B =< L1-SINR < A
	8
	Adaptive, e.g. 2

	C =< L1-SINR < B
	8
	Adaptive, e.g. 4

	L1-SINR < C
	8
	Adaptive, e.g. 8



Proposal 3:	Introduce L1-SINR reporting in Rel-16 beam correspondence as enhancement to BC bit-0 UE, i.e. reducing the M_SRS value depending on UE measurement of L1-SINR
Conclusion
For SSB based BC:
Observation 1:	relaxed MOP for SSB based BC means that SSB based BC is not feasible.
Observation 2:	Two sets of MOP will introduce significant problems than expected. Two beam peak direction and two sets of side conditions for all other TX test cases make it unreasonable and unaffordable.
Proposal 1:	SSB based BC is not feasible, unless side condition can be guaranteed and two sets of MOP issue can be addressed
Observation 3:	One possible solution to address the two sets of MOP issue is to set SSB based BC as an optional feature. If UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped
For CSI-RS based BC:
Observation 4:	Alt 2-1 (X dB back off method) can not guarantee effective “CSI-RS only” condition for all AoAs
Observation 5:	Alt 2-3 (P1 CSI-RS QCL ‘none’) can not prevent UE to use SSB for beam correspondence even without considering feasibility issue.
Proposal 2:	apply Alt 2-2 (decreasing SSB power to threshold) as the method to achieve “CSI-RS only” condition for CSI-RS based beam correspondence, i.e., decreasing power level of SSB by using UE measurement report of SS-SINR until the reported SS-SINR get to the preset threshold. The threshold can be further discussed.
For BC bit-0 UE:
Proposal 3:	Introduce L1-SINR reporting in Rel-16 beam correspondence as enhancement to BC bit-0 UE, i.e. reducing the M_SRS value depending on UE measurement of L1-SINR
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