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1. Introduction
In RAN4#90bis meeting, based on simulation campaign the beam correspondence tolerance requirement (Y dB@ X%-tile) is narrowed down to X=85% and Y=[2dB,7dB], and Y value will be further discussed and finalized in May meeting according to the agreements in the ad-hoc meeting minute [1] summarized as below:
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 In this contribution, the simulation results are updated with the new baseline of RAN4#90bis, and then Y value is proposed based on simulation results. Besides, some analysis and views on beam correspondence tolerance requirement and value of M are provided as well.
2. Discussion

2.1 simulation approach
In the WF [2] on simulation assumption, two approaches are provided, Option1 (per antenna element) and Option2 (per beam). The difference of the two approaches lies in where the amplitude and phase error are put, to antenna element level for Option1, and to beam level for Option2. 
We notice that Option2 (per beam) assumes the 3D beam pattern unchanged even with amplitude and phase error noise added. This assumption of Option2 is not aligned to practice, because the radiation pattern (including the shape and direction of main lobe, the amplitude and distribution of side lobes) will vary with the amplitude and phase error noise on the antenna elements due to beam forming. However, Option1 (per antenna element) can reflect this and more matches to real radiation pattern variance. So Option1 approach is preferable than Option2.
Observation 1: Option1 (per antenna element) can reflect the real radiation pattern variance but Option2 (per beam) can not reflect it which is not aligned to practice. So the Option1 approach (per antenna element) is preferable than Option2 (per beam).

2.2 simulation parameters
In RAN4#90bis meeting, some key simulation parameters are further narrowed down according to the ad-hoc meeting minute [1] which is summarized in Table 2.2-1 compared with the baseline of RAN4#90.
Table 2.2-1 Key simulation parameters narrowed down
	UE RF parameters
	Unit 
	RAN4#90 
	RAN4#90bis

	Phase Error per Antenna element(δpk ) 
Amplitude Error per Antenna element(δak ) 
	Degree/

dB 
	δpk ~ N(0, (2) with (=[0~30]( 
δak ~ N(0, (2) with (= [0~2]dB 
	δpk ~ N(0, (2) with (=16( / 20(
δak ~ N(0, (2) with (= [0~2]dB

	Error in RSRP estimation(Dk ) 
	dB 
	Dk ~ N(0, [2]2) 
	Dk ~ N(0, (2) with (=1.5 / 2


It is reasonable that the phase error parameter is narrowed down in RAN4#90bis meeting.  For the perspective of beam steering granularity, the standard deviation of phase error is proved to be no more than 16( as demonstrated in [3]. For the perspective of phase shifter pre-coder granularity, it is even much smaller than 16(. 
Considering 5-bit based DFT linear pre-coder as shown in Fig.2.2-1, the per-element phase error should be smaller than quantization error, i.e.,  in the range of [-5.625(, +5.625(]  as calculated by 360(/25/2=5.625(.
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Considering hardware implementation aspects, the phase error of real product is usually in the range of [-10(, +10(]. Corresponding 10( to 95% confidence level, we can get the phase error standard deviation as 5(. So a 16( of phase error standard deviation is already an upper limit which is not easy to occur in real product, and a 20( of phase error standard deviation does not match to practical cases which means the phase error will be up to 40( based on 95% confidence level. So we keep our opinion that a 16( of phase error standard deviation should be seen as the upper limit.
Observation 2: a 20( of phase error standard deviation does not match to practical cases and the upper limit of phase error standard deviation shall be no more than 16(.
About the RSRP estimation error, in RAN4#90bis meeting 1.5dB standard deviation is proposed based on RSRP relative accuracy analysis in [4] and some companies support 1.5dB value according to the ad-hoc meeting minutes [1]. Given that beam correspondence tolerance requirements are defined within spherical coverage (top 50% of EIRP2 measurement over whole sphere) where SNR is relative good, and that NTC (normal temperature condition) has been agreed as test condition, it is reasonable to assume the RSRP accuracy as ±3dB for beam correspondence tolerance derivation. Since the RSRP accuracy is corresponding to 95% confidence level, thus the standard deviation of RSRP estimation error will be 3dB/2=1.5dB.
Observation 3: Given that beam correspondence tolerance is defined within spherical coverage and that NTC has been agreed as test condition, it is reasonable to set the standard deviation of RSRP estimation error as 1.5dB.

2.3 simulation results
With default value of M=8, with the simulation approach in observation 1 and the simulation parameters in observation 2 and observation 3, our simulation result is Y=2.2dB @X=85%-tile as shown in Fig.2.3-1 and Table 2.3-1. 
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Table 2.3-1 Samsung simulation result on Y dB @X=85%-tile

	M_SRS=8
	Y dB @X=85%-tile based on 95% confidence level

	Phase error (=16(
Amplitude error (=2dB

RSRP error (=1.5dB
	2.2dB


To get statistically meaningful values, thousands of iteration is implemented and accordingly thousands of CDF curves are produced, consequently there will be thousands of Y values at X=85%-tile. To get a meaningful Y value from thousands of data at this percentile, we take the value corresponding to 95% confidence level which is a common rule in random statistics. As a result, the final Y value is 2.2dB.
Rather than 95% confidence level approach, we notice some company is using the worst case approach to derive Y value in the simulation campaign of RAN4#90bis meeting which is one of the reason that the agreed Y range is up to 7dB. As we know, for a normal distribution N(u, (2) which is used as noise distribution in simulation, the worst case of noise can be  ±∞ when the iteration loop goes to ∞ as shown in Fig. 2.3-2, in this case, the simulated Y result corresponding to worst case will be higher and higher as the iteration goes on and on. So the Y value will not be converged under the worst case approach. 



Observation 4: The worst case approach does not converge and is not proper for the derivation of Y value, and the 95% confidence level approach is more reasonable way. 

As shown above, our simulation result is Y=2.2dB @X=85%-tile. Though we think phase error (=20(and RSRP error (=2dB is overestimated, we still perform simulation for reference. As shown in Table 2.3-2, the simulated Y dB @X=85%-tile based on 95% confidence level is 2.8dB for phase error (=20( and 2.7dB for RSRP error (=2dB respectively. We think that phase error (=20(and RSRP error (=2dB are overestimated parameters, however, we can propose Y value as 2.5dB from our simulated result 2.2dB as compromising.
Table 2.3-2 Simulation result with overestimated parameters for information

	M_SRS=8
	Y dB @X=85%-tile based on 95% confidence level

	Phase error (=20(
Amplitude error (=2dB

RSRP error (=1.5dB
	2.8dB (just for information)

	Phase error (=16(
Amplitude error (=2dB

RSRP error (=2dB
	2.7dB (just for information)


Proposal 1: Our simulation result for Y dB @X=85%-tile is 2.2dB, as compromising we propose beam correspondence tolerance spec as Y=2.5dB.
2.4 views on beam correspondence tolerance requirement and M value
It should be noted that some companies argued in RAN4#90Bis that the value of Y dB does not impact on network performance at all, as long as SRS resources can be properly provided from NW side. However, based on our understanding, it is not true: we would like to provide the analysis based on following aspects: 

(1) Definition of beam correspondence: 

Go back to the definition of beam correspondence in RAN#82 WF [2] which is already captured into core specification of TS 38.101-2 as following:
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Beam correspondence is a mandatory feature and it is based on DL measurement no matter for bit-0 UE and bit-1 UE. For bit-1 UE, it can meet peak EIRP and spherical coverage requirements totally based on DL measurements; for bit-0 UE, it can meet peak EIRP and spherical coverage requirements based on both DL measurement and UL beam sweeping. How to distinguish the dependence on UL beam sweeping for bit-0 UE is an extra issue and that's why beam correspondence tolerance spec is specified. 
(2) Network resource cost and UE power consumption

Assume a bit-0 UE has very poor DL measurement correspondence and totally rely on UL beam sweeping, its EIRP2 can meet peak EIRP and spherical coverage requirements in test house, but ∆EIRPBC will be very high even more than 20dB which means this UE will always use UL beam sweeping in real network, as a result, the network resource cost and UE power consumption cost will not be affordable. 
From this point of view, bit-0 UE should rely on both DL measurements and uplink beam sweeping, and can not only rely on uplink beam sweeping. A higher Y dB requirement allows UE to rely less on DL measurement and more on UL beam sweeping; a lower Y dB requirement requires UE to rely more on DL measurement and less on UL beam sweeping. To balance between network load and UE implementation, a proper Y value shall be defined which will benefit to both network load and UE power consumption.
(3) Extra time delay introduced by SRS-based beam sweeping to maintain beam correspondence: 

Another factor not mentioned in previous analysis is the time consumed for SRS-based beam sweeping procedure to maintain beam correspondence. It can be seen as below that UE will follow the Step-1 to Step-5 if SRS-based beam sweeping is needed for beam correspondence, i.e., 

· Step-1: BC bit-0/bit-1 UE uses SSB/CSI-RS to select proper RX beam and uses autonomous Beam Correspondence to select the correct TX beam based on a UE specific codebook (called as Beam Codebook-A). BC bit-1 UE will use this TX beam for following PUSCH transmission while bit-0 UE will have following Step-2 to Step-5 to get the proper TX beam based SRS beam sweeping. 

· Step-2: NW configures X SRS resources to UE, with the field of spatialRelationInfo to be not present. 
· Step-3: Based on the UE autonomous chosen TX beam, UE chooses X beams from either Beam Codebook-A or other beam codebook (e.g., finer beams around the autonomous selected TX beam) to transmit X SRS-resources. 
· Step-4: Based on measurement of the received SRS, gNB chooses the best SRS within the SRS resource indicator (SRI) included in the scheduling grant for PUSCH. 

· Step-5: UE transmits PUSCH corresponding to the SRS resource selected by the SRI. 

In test house, the test environment (channel, placement of UE within chamber, etc) will be maintained during the above steps, while this will be not valid in the real deployment. Specifically, during the extra time introduced in Step-2 to Step-5, the channel and/or UE placement could be changed dynamically which may further impact UE performance in real field. With this time delay to be considered in gNB scheduler, gNB may further optimize the system by determining whether or not configuring SRS based on UE’s mobility and/or other issues. In this case, a properly specified Y value will benefit to NW performance. 
Observation 5: Based on the analysis of beam correspondence definition, network resource cost, UE power consumption, and extra time delay introduced by UL beam sweeping aspects, it can be concluded that the value of Y dB impacts the system overall performance including network performance and UE performance.
On value of M, some companies argued in RAN4#90bis meeting that flexibility for UE vendor is needed to be considered because different UE implementation may request different number of SRS resources. This flexibility needs introducing new capability signalling for BC bit-0 UE by extension. However, this extension can only be applied to future released UE. Furthermore, even introducing additional signalling, it can only be used to indicate the needed SRS resource number in a single condition, which still can’t reflect the full picture of UE’s requirement for other scenarios. Considering above facts, we would like to postpose the discussion of giving UE flexibility for required SRS resource number to Rel-16 discussion. 
Observation 6: Even with capability signalling extension for future released UE, the reported value of M can only reflect the required SRS resource number in a single condition. 

Proposal 2: No need to introduce additional UE capability for its required SRS resource number for beam sweeping. 
As planned by RAN plenary in the WF [2] of RAN#82, the beam correspondence tolerance spec (Y dB) shall be finalized by RAN#84:
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We note that there is LS [5] for RAN4#91 meeting from RAN5 on RAN4 pending issues. RAN5 is pushing RAN4 to finish beam correspondence requirements definition as planned.
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Given about situation, considering the well simulation campaign and adequate discussion on technical aspects, it is proposed that RAN4 finalize the Y value in RAN4#91 meeting.
Proposal 3: Considering RAN plenary plan, RAN5 urgent need and our adequate discussion, it is proposed that RAN4 finalize the Y value in RAN4#91 meeting.
3. Conclusion
Observation 1: Option1 (per antenna element) can reflect the real radiation pattern variance but Option2 (per beam) can not reflect it which is not aligned to practice. So the Option1 approach (per antenna element) is preferable than Option2 (per beam).

Observation 2: a 20( of phase error standard deviation does not match to practical cases and the upper limit of phase error standard deviation shall be no more than 16(.
Observation 3: Given that beam correspondence tolerance is defined within spherical coverage and that NTC has been agreed as test condition, it is reasonable to set the standard deviation of RSRP estimation error as 1.5dB.
Observation 4: The worst case approach does not converge and is not proper for the derivation of Y value, and the 95% confidence level approach is more reasonable way.

Proposal 1: Our simulation result for Y dB @X=85%-tile is 2.2dB, as compromising we propose beam correspondence tolerance spec as Y=2.5dB.

Observation 5: Based on the analysis of beam correspondence definition, network resource cost, UE power consumption, and extra time delay introduced by UL beam sweeping aspects, it can be concluded that the value of Y dB impacts the system overall performance including network performance and UE performance.
Observation 6: Even with capability signalling extension for future released UE, the reported value of M can only reflect the required SRS resource number in a single condition. 

Proposal 2: No need to introduce additional UE capability for its required SRS resource number for beam sweeping. 
Proposal 3: Considering RAN plenary plan, RAN5 urgent need and our adequate discussion, it is proposed that RAN4 finalize the Y value in RAN4#91 meeting.
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Agreements: 


RAN4 adopt X%-tile and YdB BC tolerance requirement for PC3 UE with: 


X = 85% Y = [2dB, 7dB]


Companies will further discuss the value of Y until May meeting.


The decision on value of Y will be made in May meeting.


     For Rel-15, value of M:


M = 8 (as default value)


FFS how to give UE vendor flexibility considering different UE vendors’ implementation.


Use M=8 for the RAN4 test case design and minimum requirements for PC3 UE. 


On test condition 


Agree to set the normal temperature as test condition 





Fig.2.2-1 quantization illustration of 5-bit phase shifter precoder





X=85%





Y=2.2dB with 95% confidence level





Fig.2.3-1 ΔEIRPBC CDF simulation results 





Fig.2.3-2 illustration of worst case approach compared with 95% confidence level approach





 Beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping





RAN4 to choose X between 80 and 100 by RAN#83  


RAN4 to choose Y by RAN#84 
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